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Clinical Anatomy

Alexandre Leme Godoy-Santos, Stefan Rammelt, 
and Alejandro Carri Zoboli

Abstract

This chapter presents the most frequent approaches in foot and ankle surgery based on a 
summarized session of surface anatomy with landmarks: anteroposterior view, posteroante-
rior view, lateral view, medial view; it is followed by an illustrated step-by-step description 
of ten extended incisions: anterolateral suprafibular approach, medial ankle approach, ante-
rior ankle approach, posterolateral ankle approach, posteromedial ankle approach, midfoot 
approaches – dorsomedial approach, dorsal intermediate approach, dorsolateral approach, 
first metatarsophalangeal joint approach, dorsal intermetatarsal space approach, which 
include 15 different approaches.

Keywords

Anatomy • Dissection • Surgery • Incision • Approach • Foot • Ankle

The surgical safety depends on a thorough knowledge of the 
anatomy and surgical skills, both go together. The surgical 
skill is acquired from practices under expert supervision, and 
the knowledge of anatomy is acquired from books and 
dissection.

In 1909, Testut and Jacob recommended that “the human 
body should be transparent like crystal” for an excellent 
surgeon.

This chapter presents the most frequent approaches in 
foot and ankle surgery based on a summarized session of 
surface anatomy with landmarks, followed by an illustrated 
step-by-step description of ten extended incisions which 
include 15 different approaches.

 Surface Anatomy

The knowledge of the surface anatomy around the ankle is 
important for adequate tailoring of the surgical approaches 
and safe placement of arthroscopy portals.

 Anteroposterior View

From the front it is possible to identify the orientation of the 
lateral and medial malleolus (Fig. 1.1), the anterior tibial and 
extensor digitorum longus tendons which cross the deep 
anterior neurovascular bundle and serve as references for the 
superficial peroneal and saphenous nerve branches (Fig. 1.2).

 Posteroanterior View
From the back it is possible to identify the posterior tuberos-
ity of the calcaneus, Achilles tendon, peroneus longus ten-
don, and posterior tibial tendon which serve as references for 
the deep posterior neurovascular bundle and the sural nerve 
(Figs. 1.3 and 1.4).
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 Lateral View
From lateral it is possible to identify the lateral malleolus, 
the peroneal tendons, the base of the fifth metatarsal and the 
extensor brevis muscle which are references for the sural 
nerve and superficial peroneal nerve (Figs. 1.5 and 1.6).

 Medial View
From medial it is possible to identify the medial malleolus, 
the navicular tuberosity, the posterior tibial tendon, the 
deltoid ligament and the Achilles tendon which are refer-
ences for the deep posterior neurovascular bundle (Figs. 1.7 
and 1.8).

 Surgical Approaches

 Anterolateral Suprafibular Approach

 Included
• Anterolateral subtalar joint approach
• Oblique lateral approach
• Sinus tarsi approach

Fig 1.1 1. Lateral malleolus, 2. medial malleolus

Fig 1.2 1. Extensor digitorum longus tendon, 2. anterior tibial tendon, 
3. superficial peroneal nerve, 4. intermediate branch of the dorsal cuta-
neous nerve, 5. medial branch of the dorsal cutaneous nerve, 6. deep 
peroneal nerve, 7. anterior tibial artery, 8. saphenous nerve

Fig 1.3 1. Lateral malleolus, 2. medial malleolus

Fig 1.4 1. Peroneus longus tendon, 2. posterior tibial tendon, 3. 
Achilles tendon, 4. sural nerve, 5. tibial nerve, 6. posterior tibial artery

A.L. Godoy-Santos et al.
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 Indications
• Lateral ankle ligament reconstruction
• Peroneal tendon exploration/repair
• Retinacular repair/groove deepening
• Os trigonum excision
• Anterolateral talar dome exposure
• Lateral process fractures of the talus
• Subtalar joint loose body excision
• Subtalar arthrodesis
• Calcaneal fractures (posterior facet exposure)
• Exposure of the calcaneocuboid (CC) joint
• Excision of the calcaneonavicular coalitions

 Position
Supine with a sandbag or bump underneath the ipsilateral hip 
or lateral oblique position

 Hazards
The sural nerve runs parallel and inferior to the incision. It 
has to be held away plantarly and protected. The superficial 
peroneal nerve runs above the incision and has to be pro-
tected with an oblique (Ollier’s) approach.

 Superficial Dissection
Make a 6–8 cm incision starting at the posterior border of the 
fibular tip slightly curved towards the base of the fifth meta-
tarsal (Fig. 1.9).

For dissection purposes the anterior and posterior skin 
flaps are elevated, taking care to protect the superficial pero-
neal nerve and sural nerve. Observe the peroneal sheaths, the 

Fig. 1.5 1. Lateral malleolus, 2. base of the fifth metatarsal

Fig. 1.6 1. Peroneus longus tendon, 2. extensor digitorum longus 
tendon, 3. extensor digitorum brevis muscle, 4. intermediate 
branch of dorsal cutaneous nerve, 5. medial branch of dorsal 
 cutaneous nerve (both branches from the superficial peroneal nerve), 
6. sural nerve (continuing as lateral branch of the dorsal cutaneous 
nerve)

Fig. 1.7 1. Medial malleolus, 2. navicular tuberosity

Fig. 1.8 1. Posterior tibial tendon, 2. anterior tibial tendon, 3. Achilles 
tendon, 4. tibial nerve, 5. saphenous nerve, 6. posterior tibial artery

1 Clinical Anatomy
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fat pad from the sinus tarsi and extensor digitorum brevis 
muscle (Fig. 1.10).

 Deep Dissection
The peroneal tendons (Fig. 1.11), the anterior talofibular 
ligament (ATFL, Fig. 1.12), the calcaneofibular ligament 
(CFL) crossing below the peroneal tendons (Fig. 1.13), the 
anterolateral talar dome after anterior lateral ankle capsulot-
omy (Fig. 1.14), the inferior extensor Retinacula (Fig. 1.15), 
the peroneal groove of the fibula (Fig. 1.16), the lateral por-
tion of the subtalar joint (Fig. 1.17) and the calcaneocuboid 
joint below the extensor digitorum brevis muscle (Fig. 1.18) 
are inspected.

 Medial Approach

 Included

• Medial malleolar fracture and osteotomy approach
• Medial approach to the talus

• Sustentacular approach to the calcaneus
• Tarsal tunnel and posterior tibial tendon approach
• Medial utility approach (extending to the midfoot as 

needed)

Fig. 1.9 Anterolateral subfibular approach

Fig. 1.10 Sural nerve (1) and peroneal tendon sheath (2)

Fig. 1.11 Peroneus longus (1) and peroneus brevis tendons (2)

Fig. 1.12 Anterior talofibular ligament (ATFL)

Fig. 1.13 Calcaneofibular ligament (CFL)

A.L. Godoy-Santos et al.
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 Indications

• Open reduction and internal fixation for displaced medial 
malleolar fractures

• Open reduction and internal fixation for displaced talar 
neck fractures

• Open reduction and internal fixation for talar body frac-
tures (with medial malleolar osteotomy)

• Treatment of osteochondral lesions of the medial talar 
dome (with medial malleolar osteotomy)

• Posteromedial osteochondral talar lesions
• Medial ligament reconstruction (Deltoid, Spring ligament)
• Ankle loose bodies and osteochondral fragment removal
• Double/Triple arthrodesis (single approach)
• Talonavicular arthrodesis (medial approach)
• Tibialis posterior tendon exploration/reconstruction 

(including FDL-transfer)
• Flexor digitorum longus (FDL) tendon exploration/repair
• Flexor halluces longus (FHL) tendon exploration/repair
• Kidner-Procedure
• Tarsal tunnel release
• Exposure of the posteromedial tibia
• Fractures of the sustentaculum tali (short direct approach)

Fig. 1.14 Anterolateral talar dome (1) after anterolateral ankle 
capsulotomy

Fig. 1.15 Inferior extensor retinacle

Fig. 1.16 Peroneal groove of the distal fibula

Fig. 1.17 Lateral exposure of the subtalar joint

1 Clinical Anatomy
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 Position

Supine with a sandbag or bump underneath the contralateral 
hip or medial oblique position

 Hazards

The saphenous nerve variably crosses the ankle at its antero-
medial portion; it can be injured throughout the surgical 
incision.

The tibial nerve and posterior tibial artery run behind the 
tibialis posterior and FDL tendons. Both are endangered 
when dissecting around the FHL tendon.

 Superficial Dissection

Make a 12–15 cm incision along the posterior border of the 
medial malleolus; then curve it slightly towards the navicular 
tuberosity (Fig. 1.19). For dissection purposes the anterior 
skin flap is elevated, taking care to protect the saphenous nerve 
and vein and identifying the extensor retinaculum (Fig. 1.20).

 Deep Dissection

The posterior tibial and flexor digitorum longus tendon 
(Fig. 1.21), the neurovascular bundle (Fig. 1.22), the flexor 
hallucis longus tendon (Fig. 1.23), superficial deltoid liga-
ment (Fig. 1.24), the anterior tibial tendon (Fig. 1.25), the 
 anteromedial talar dome can be inspected after anterior 
medial ankle capsulotomy (Fig. 1.26), the medial talar dome 
only after a medial malleolar osteotomy, the tibiospring liga-
ment is observed and the deep deltoid ligament are inspected 
(Fig. 1.27).

Fig 1.19 Medial extended approach

Fig. 1.20 The saphenous vein running over the medial aspect of the 
extensor retinacle

Fig. 1.21 Posterior tibial (1) and flexor digitorum longus tendons (2)

Fig. 1.18 The calcaneocuboid joint (1) is inspected below the peroneal 
brevis tendon

A.L. Godoy-Santos et al.
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Fig. 1.22 Deep posterior neurovascular bundle (1) running behind the 
posterior tibial (2) and flexor digitorum longus tendons (3)

Fig 1.23 Flexor hallucis longus tendon

*

Fig 1.24 Tibionavicular portion of the superficial deltoid ligament (*)

Fig 1.25 Anterior tibial tendon

Fig 1.26 View of the anteromedial talar dome after an anterior medial 
capsulotomy

Fig 1.27 Exposure of the talar head and neck with the spring ligament 
(1) and retracted tibionavicular portion of the superficial deltoid liga-
ment (2). The sustentaculum tali of the calcaneus lies at the tip of the 
blunt retractor

1 Clinical Anatomy
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 Anterior Ankle Approach

 Indications

• Anterior ankle impingement
• Ankle arthrodesis
• Total ankle arthroplasty
• Open reduction and internal fixation of tibial pilon and 

talar body fractures

 Position

Place a bump under the ipsilateral hip to maintain neutral 
rotation.

 Hazards

The superficial peroneal nerve and the deep anterior neuro-
vascular bundle (anterior tibial artery, deep peroneal nerve) 
may be injured.

 Incision

Make a 15 cm midline incision between the malleoli over the 
anterior aspect of the ankle, begining 10 cm proximal to the 
joint line and lateral to the palpable tibial anterior tendon 
(Fig. 1.28). When dissecting the subcutaneous tissue care is 
taken not to injure the branches of the superficial peroneal 
nerve that cross from lateral into the distal aspect of the inci-
sion (Fig. 1.29)

 Superficial Dissection

Open the superior extensor retinaculum between the tibialis 
anterior (TA) and extensor hallucis longus (EHL) tendons 
(Fig. 1.30). Retract the EHL laterally and observe the ante-
rior tibial artery and deep peroneal nerve (Fig. 1.31).

 Deep Dissection

Retract TA medially and EHL with anterior tibial artery and 
deep peroneal nerve – protected – laterally to visualize the 
anterior ankle joint capsule (Fig. 1.32). Incise the capsule of 
the ankle joint in line with the incision. Expose the full width 
of the ankle joint by subperiosteal and subcapsular  dissection 

of the tibia and talus (Fig. 1.33). Retractors should be placed 
on the periosteal layer to avoid excessive pressure on the skin 
or neurovascular bundle (Fig. 1.34).

 Posterolateral Approach

 Indications

• Reconstruction and lengthening of the peroneal tendons 
and the Achilles tendon

• Open reduction and internal fixation of displaced poste-
rior malleolar fractures

• Open reduction and internal fixation of displaced lateral 
malleolar fractures

• Open reduction and internal fixation of displaced frac-
tures of the posterior body of the talus

• Open treatment of osteochondral defects of the postero-
lateral talus

• Arthrodesis of the subtalar and/or ankle joint
• Removal of a symptomatic os trigonum

Fig. 1.28 Midline anterior ankle approach

A.L. Godoy-Santos et al.
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 Position

Supine with a sandbag or bump underneath the ipsilateral hip 
or lateral oblique position or lateral total.

 Hazards

The sural nerve and the lesser saphenous vein cross the inci-
sion from medial and may be injured in the proximal part of 
the incision.

 Superficial Dissection

Define the posterolateral border of lateral malleolus and pos-
terolateral border of the Achilles tendon. Make a 10–12 cm 

longitudinal incision at half distance between and parallel to 
them (Fig. 1.35). Elevate the posterior skin flap, taking care 
to protect the sural nerve and lesser saphenous vein 
(Fig. 1.36).

 Deep Dissection

Incise the deep calf fascia and superior peroneal retinaculum 
in line with the skin incision and identify the peroneus lon-
gus tendon which lies posterolateral and has less muscle 
fibers at this level (Fig. 1.37), mobilize the tendon posterolat-
erally to expose the peroneus brevis tendon which lies ante-
rior and has more muscle fibers behind the fibula (Fig. 1.38). 
Finally, mobilize both tendons posterolaterally and expose 
posterior aspect of lateral malleolus (Fig. 1.39).

In the posterior plane incise the deep fascia over the flexor 
hallucis longus (FHL) muscle (Fig. 1.40) to expose posterior 

Fig. 1.29 The superficial peroneal nerve branches cross the distal part 
of the incision from lateral

Fig 1.30 After opening the superior extensor retinacle, TA sheath and 
EHL sheath

1 Clinical Anatomy
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talofibular ligament (Fig. 1.41), the posterior tibiofibular 
ligament (posterior syndesmosis), FHL tendon, posterior 
aspect of the subtalar joint, the posterior talar body and pos-
terior tubercle of the distal tibia (Fig. 1.42).

 Posteromedial Approach

 Indications

• Achilles tendon rupture
• Achilles tendinopathy
• Haglund exostosis resection
• Flexor hallux longus transfer
• Posteromedial talar body fracture fixation

 Position

Prone position

 Hazards

The saphenous nerve and vein may be injured along the inci-
sion. The deep posterior neurovascular bundle may be 
injured during deep dissection.

 Incision

Make a 10 cm longitudinal incision 1 cm medial and paral-
lel to the Achilles tendon (Fig. 1.43) to improve soft tissue 
coverage over the tendon after repair the deep fascia over 
the Achilles tendon is incised medial to the tendon 
(Fig. 1.44)

 Superficial Dissection

The Achilles paratenon is incised at the midline so that the 
paratenon can be closed after the Achilles tendon suture 
(Fig. 1.45).

Fig 1.31 The anterior tibial artery and deep peroneal nerve (above the 
strap) become visible when retracting the EHL tendon laterally

Fig 1.32 Anterior ankle joint capsule

A.L. Godoy-Santos et al.
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 Deep Dissection

After retraction of the Achilles tendon the Kager fat pad is 
seen (Fig. 1.46) and the extension of a Haglund exostosis is 
estimated (Fig. 1.47). The deep fascia over the FHL 
(Fig. 1.48) can be incised at the midline to expose the FHL 
tendon (Fig. 1.49). Finally, with the FHL tendon and deep 
posterior neurovascular bundle retracted, the posterior aspect 
of the subtalar and ankle joints are exposed (Fig. 1.50).

 Midfoot Approaches

 Dorsomedial Approach

 Indications
• First TMT (Lapidus) arthrodesis
• Naviculo-cuneiform arthrodesis
• Basal MT 1 osteotomy
• Cotton osteotomy
• Open reduction and fixation of navicular, cuneiform and 

first MT fractures

 Position
Supine with a sandbag or bump underneath the contralateral 
hip or medial oblique position.

Fig 1.33 Capsulotomy Fig 1.34 Ankle joint (full exposure after capsulotomy)

Fig. 1.35 Full extension of the posterolateral approach

1 Clinical Anatomy
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 Hazards
The medial dorsal cutaneous nerve, deep peroneal nerve and 
dorsalis pedis artery may be injured.

 Incision
The dorsomedial longitudinal incision uses the interval between 
the TA and the EHL tendons centered over the first tarsometa-
tarsal (TMT) joint extending about 4–6 cm distally (Fig. 1.51).

Fig. 1.36 posterolateral ankle approach and sural nerve (1) crossing 
from medial

Fig. 1.37 Superior peroneal retinaculum (1) and peroneal longus tendon (2)

Fig. 1.38 Peroneus brevis tendon after retraction of the peroneus lon-
gus tendon

Fig. 1.39 Posterior aspect of the lateral malleolus after retraction of 
the peroneal tendons

Fig. 1.40 Incision of the deep fascia over the flexor hallucis longus muscle

Fig. 1.41 Posterior talofibular ligament (1)

A.L. Godoy-Santos et al.
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 Superficial Dissection
Skin and subcutaneous tissue are incised and the medial dor-
sal cutaneous nerve (a branch of the superficial peroneal 
nerve) is identified (Fig. 1.52).

 Deep Dissection
Incise the TA and EHL-sheath, mobilize the TA tendon infe-
riorly and the EHL tendon dorsally to expose first metatarso-
cuneiform joint (Figs. 1.53 and 1.54). After capsulotomy the 
first TMT joint is exposed (Fig. 1.55).

Fig. 1.42 Posterior aspect of the subtalar joint (1), the talus and posterior 
tubercle of the distal tibia with the posterior tibiofibular (syndesmosis) 
ligament (2)

Fig. 1.43 Prone position and posteromedial approach

Fig. 1.44 The Achilles tendon within its paratenon. Note the small 
plantaris tendon at the medial border of the Achilles tendon that may 
mimick a “partial rupture” of the latter

Fig. 1.45 The Achilles tendon and plantaris tendon after incision of 
the paratenon

Fig. 1.46 The Kager fat pad

Fig. 1.47 A prominent Haglund exostosis is exposed

1 Clinical Anatomy
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 Indications
• Lisfranc (TMT) joint injuries
• Lisfranc arthrodesis

• Dermatofasciotomy for foot compartment syndrome 
(double incision together with a parallel dorsolateral 
approach)

Fig. 1.48 The deep fascia overlying the FHL

Fig. 1.49 The flexor hallucis longus (FHL) tendon exposed. The deep 
neurovascular bundle is held away medially with the blunt retractor

Fig. 1.50 The posterior aspect of the subtalar and ankle joints are 
exposed

Fig. 1.51 Dorsomedial longitudinal midfoot approach with the foot in 
a medial oblique position

Fig. 1.52 The medial dorsal cutaneous nerve

Fig. 1.53 The anterior tibial tendon

A.L. Godoy-Santos et al.
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 Position
Supine with a bump placed under the ipsilateral hip to main-
tain neutral rotation.

 Hazards
The deep peroneal nerve, the dorsalis pedis artery and its 
perforationg branch to the plantar arch may be injured.

 Incision
The dorsal longitudinal incision is centered between the 
second and third tarsometatarsal joints, starting 1 cm 
proximally to the 2nd TMT-joint on the dorsal medial 
aspect of the midfoot and extending distally about 5–7 cm 
(Fig. 1.56).

 Superficial Dissection
Skin and subcutaneous tissue are incised and the branches of 
the superficial peroneal nerve are identified (Fig. 1.57).

 Deep Dissection
Incise the extensor digitorum longus sheath, mobilize the 
extensor hallucis brevis muscle medially and the extensor 
 digitorum longus tendons laterally. The deep peroneal nerve 
and dorsalis pedis artery lie beneath the extensor hallucis 
brevis (EHB) tendon and muscle. They can be mobilized 
together and protected by the EHB. Care must be taken not 
to injure the perforating branch from the dorsalis pedis artery 
to the plantar arch that runs between the bases of the first and 
 second metatarsals. After capsulotomy the second and third 
tarsometatarsal joints are fully exposed (Figs. 1.58 and 1.59).

 Dorsolateral Approach

 Indications
• Lisfranc injuries (4th and 5th TMT joints)
• Arthritis of the lateral Lisfranc joint (4th and 5th TMT 

joints)

Fig. 1.54 The extensor hallucis longus tendon

Fig. 1.55 The first tarsal-metatarsal joint exposed after capsulotomy

Fig. 1.56 Extension of the dorsal intermediate approach to the mid-
foot. The patient is placed in a supine position with a bump under the 
ipsilateral hip to maintain neutral rotation

Fig. 1.57 Branch of the superficial peroneal nerve

1 Clinical Anatomy
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• Cuboid fractures
• Injuries to the Calcaneocuboid joint
• Dermatofasciotomy for foot compartment syndrome 

(double incision together with a parallel dorsal intermedi-
ate approach)

• Lateral colun lengthening (with and without calcaneocu-
boid fusion)

 Position
Supine with a sandbag or bump underneath the ipsilateral hip 
or lateral oblique position or lateral total.

 Hazard
The sural nerve end branch (lateral dorsal cutaneous nerve) 
may be injured.

 Incision
The dorsolateral longitudinal incision is centered over the 
4th and 5th TMT (metatarsal-cuboid) joints, starting 1 cm 
proximal to the joint and extending distally about 5–7 cm 
(Fig. 1.60).

 Superficial Dissection
Skin and the subcutaneous tissue are dissected while taking 
care not to injure the sural nerve.

 Deep Dissection
The peroneus brevis tendon (Fig. 1.61), extensor digitorum 
brevis muscle and 4th and 5th extensor digitorum longus ten-
dons. Mobilize the peroneus brevis tendon plantar and infe-
rior and extensor digitorum brevis muscle dorsal and 
proximally (Fig. 1.62). After capsulotomy the cuboid-meta-
tarsal joint and third metatarsocuniform joint can be visual-
ized (Fig. 1.63).

 First Metatarsophalangeal Joint Approach

 Indications
• Distal 1st metatarsal osteotomy or fracture
• Medial sesamoid excision

Fig. 1.60 The dorsolateral approach to the midfoot. The patient is 
placed supine with a sandbag or bump underneath the ipsilateral hip to 
obtain a lateral oblique position

Fig. 1.58 Extensor hallucis brevis muscle and extensor digitorum  
longus tendon

Fig. 1.59 The second and the third tarsometataesal joints
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• Open treatment of sesamoid pathology, osteochondral 
defects/fractures

• Medial capsular imbrications

• Proximal phalangeal osteotomy
• Cheilectomy for hallux rigidus (limitus)
• Fracture-dislocation of the first MTP joint (“turf toe”)

 Position
Supine with a sandbag or bump underneath the contralat-
eral hip.

 Harzards
The dorsomedial digital branch of the superficial peroneal 
nerve and medial branch of the common digital artery cross 
the first metatarsophalangeal joint on its dorsomedial portion 
and may be injured.

 Incision
Make a 5–6 cm longitudinal medial incision along the proxi-
mal two thirds of the proximal phalanx and extend it over the 
medial eminence (bunion) to the distal third of the metatarsal 
shaft (Fig. 1.64).

 Superficial Dissection
Raise the dorsal and plantar flaps, observe the dorsomedial 
branch of the common digital nerve and medial branch of the 
common digital artery (Figs. 1.65 and 1.66). Incise the deep 
fascia in line with the skin incision and identify the EHL 
tendon (Fig. 1.67).

 Deep Dissection
Using sharp dissection a capsulotomy is performed along 
the length of the incision and reflect the capsule surround-
ing the exostosis to expose the first metatarsal phalangeal 
joint (Fig. 1.68). The medial and lateral sesamoids are 
exposed (Fig. 1.69). The FHL tendon is identified between 
the two sesamoids. Distally and proximally the sesamoids 
are embedded into the flexor hallucis brevis tendon 
(Fig. 1.70).

Fig. 1.61 Peroneus brevis tendon

Fig. 1.63 The 4th and 5th metatarso-cuboid (TMT) are exposed 
together with the lateral aspect of the third tarsometatarsal joint

Fig. 1.62 Extensor digitorum brevis muscle and extensor digitorum 
longus tendons (oblique)

Fig. 1.64 Supine position with a sandbag or bump placed underneath 
the contralateral hip for the first metatarsophalangeal joint approach

1 Clinical Anatomy
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 Dorsal Intermetatarsal Space

 Indications

• Osteotomy or fracture of a metatarsal head/neck
• Plantar plate repair
• Excision of interdigital neuromas
• Stabilization of acute/chronic toe dislocations

 Position
Supine with a sandbag under the ipsilateral hip (Fig. 1.71).

 Harzards
The common digital nerves and arteries branch into the 
proper digital nerves and arteries. Injury throughout the sur-
gical incision may lead to numbness or even necrosis of the 
adjacent toe, if both the dorsal and plantar branches are 
injured.

Fig. 1.66 Medial branch of the common digital artery (1)

Fig. 1.65 Dorsomedial digital branch of the superficial peroneal nerve (1)

Fig. 1.67 Extensor hallucis longus tendon (1)

Fig. 1.68 The first metatarsal phalangeal joint is exposed
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 Incision
Make a 3–4 cm longitudinal incision along the intermetatar-
sal space (Fig. 1.72).

 Superficial Dissection
Raise the medial and lateral flaps while identifying the ter-
minal branches of the digital nerves and arteries (Fig. 1.73). 
Incise the extensor digitorum longus fascia in line with the 
skin incision and identify the extensor digitorum longus 
tendon (Fig. 1.74)

 Deep Dissection
Perform a dorsolateral capsulotomy of the 2nd metatarso-
phalangeal joint exposing the second metatarsal head and 
base of the proximal phalanx of the second toe (Fig. 1.75). In 
the second web space the transverse metatarsal ligament is 
seen (Fig. 1.76) and the lumbrical tendon, which inserts at 
the medial aspect of the adjacent proximal phalanx.

Incise the dorsal transverse metatarsal ligament, exposing 
the deep intermetatarsal space and the plantar common digi-
tal nerve (Fig. 1.77).

Fig. 1.69 Exposure of the medial (1) and lateral sesamoids (2) Fig. 1.70 The FHL tendon (1) is identified between the two sesamoids 
(2). The sesamoids are embedded distally and proximally into the flexor 
hallucis brevis tendon
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Fig. 1.71 Supine position with a sandbag under the ipsilateral hip for 
dorsal intermetatarsal space approach

Fig. 1.73 Terminal branching of the dorsal common digital artery (1)

Fig. 1.72 Terminal branching of the dorsal common digital nerve (1)

Fig. 1.74 The extensor digitorum longus tendon (1)

A.L. Godoy-Santos et al.
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Fig. 1.75 Exposure of the second 
metatarsal head and the base of the 
proximal phalanx of the second toe

Fig. 1.77 The deep intermetatarsal space with the plantar common 
digital nerve (1) exposed

Fig. 1.76 The dorsal transverse metatarsal ligament (1) and the lum-
brical tendon (2)
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Biomechanical Principles of Foot 
and Ankle

Matthias G. Walcher and Ryan du Sart

Abstract

This Chapter presents biomechanics of foot and ankle with a particular focus on biome-
chanics in sports, and the influence of surgical procedures on biomechanics. A thorough 
biomechanical understanding is necessary for successful treatment strategies for foot and 
ankle pathologies. Any treatment should aim to restore physiological biomechanics or get 
biomechanics as close to normal as possible. Impaired function and range of motion of 
joints of the foot and ankle overloads adjacent joints, disturbs gait and increases energy 
consumption. Certain sports require more than a physiological performance of the foot or 
overuse structures of the foot even when performed correctly and with an excellent and 
well-balanced technique and training schedule. In sports biomechanical demands on the 
foot and ankle are high. This is why even small deformities and abnormities that usually 
would not cause any problems can lead to overuse or make prone for specific injuries.
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 Introduction

The human foot is a very complex construction. Leonardo da 
Vinci (1452–1519) stated as a consequence of his anatomical 
research, that the human foot is a masterpiece of engineer-
ing – and a work of art. It is not a rigid lever and support for 
the body – it is rather a tool changing constantly throughout 
gait allowing for efficient forward-motion and adaption to 
uneven, irregular grounds.

The human foot is part of a biomechanical chain, where 
each part of the limb is depending on one another. There are 

extensive individual variations still lying within the normal 
range. Therefore understanding the biomechanical reason 
that resulted in a foot and ankle pathology, like the biome-
chanical consequences of an intervention, is not always easy. 
Nonetheless, a thorough understanding of biomechanics is 
the basis of good decision making in foot and ankle ortho-
paedics, and essential for successful therapy.

Foot and ankle surgeons nowadays do not only have to be 
aware of biomechanics during stance and gait. In Western 
lifestyle, where activity and sport is playing an important 
role, a sound knowledge of biomechanics of running is 
crucial.

Movements of the foot and the ankle can be single-plane 
or multi-plane movements. The frontal (coronal) plane 
describes movement in the inversion/eversion direction. 
Sagittal plane motions take place in the dorsal extension/
plantar flexion direction. Horizontal plane movements apply 
abduction and adduction. It needs to be noted, that nearly all 
the motions in foot and ankle are tri-planar, taking place 
around oblique axes. For example pronation consists of 
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 components of abduction, eversion and dorsal extension, 
supination of adduction, inversion and plantar flexion.

There are different foot and ankle models available to 
facilitate understanding of biomechanics. A lot of models for 
gait analysis regard foot and ankle as a unity and the foot as 
rigid. Therefore different biomechanical models dividing 
foot and ankle into segments have been developed to allow 
an accurate understanding of biomechanics. There is no 
agreement in the scientific community as to the exact num-
ber and allocation of these segments, different authors 
describe different numbers of segments and different seg-
ments [1–3].

 Kinematics

Walking is involving the entire human body. Different com-
ponents need to work together properly. Conditions proximal 
to the foot can influence the way the foot works. Foot condi-
tions can affect patterns of motion proximally, too.

Human locomotion is very individual, allowing us recog-
nizing familiar people already from a distance. One reason 
for this is that human walking is not an inborn reflex, it has 
to be learnt, a fact that every parent knows well. There are 
extensive inter-individual variations. Therefore it is more 
important to understand the functional relations.

Kinematics describes the movements of all body parts in 
3 dimensions. In the vertical axis, there is a slight upward 
and downward movement during walking, with an amplitude 
of 4–5 cm [4, 5]. The maximum body height is reached 
immediately after the passage over the weight bearing limb 
at the moment of toe-off. The minimal height is reached at 
heel strike. Precise coordination of the motions of knee, pel-
vis and hip, ankle and foot is necessary to smoothen that ver-
tical displacement to a clean sinusoidal curve with minimal 
extensions to minimize energy use.

The human body also shifts from side to side during walk-
ing, with the purpose to keep the centre of gravity over the 
weight bearing foot. The amplitude of this lateral displace-
ment is about 4–5 cm with each stride. The slight physiologi-
cal genu valgum allows the lower leg to remain vertical, with 
the feet close together and the femurs diverging.

Moreover there are rotational movements in the horizon-
tal plane in the pelvis, shoulder girdle, femur and lower leg 
during walking. The rotational movements of the femur and 
the tibia are relatively similar. They rotate internally during 
the swing and the first interval of stance until the foot is posi-
tioned flat on the ground. In the later stance phase, starting 
with the contralateral toe-off, they rotate progressively exter-
nally. The internal rotation is mainly initiated by the valgus 
collapse of the subtalar joint. External Rotation is enhanced 
by the ankle joint axis, the alignment of the metatarsophalan-
geal break and the plantar aponeurosis. It is originated by 

swing of the contralateral leg, which rotates the pelvis for-
ward. This external rotation is transmitted distally, with the 
subtalar joint going into inversion, thereby stabilizing the 
foot for push-off.

It is interesting to have a look on the range of motion of 
different joints of the foot: Valderrabano and Co-workers 
found a mean of about 15° of dorsiflexion, and a mean of 28° 
of plantar flexion in cadaver ankles. They described a mean 
of 5° for eversion and roughly 14° for inversion, 8 ° for inter-
nal rotation, and 15° for external rotation [6]. The range of 
motion of the subtalar joint spans from about 40° to 60°. 
Usually the inversion is greater than the eversion [7].

 Kinetics

It has to be mentioned, that the foot is functioning in a closed 
kinetic chain, as it is fixed to the ground for most of the time 
of the gait cycle, whereas the more proximal parts of the limb 
are free to move. Therefore, movement of the foot and ankle 
causes motion of the tibia and fibula, which is transmitted to 
the femur and the hip, if not absorbed by the knee. That 
means that any movement of the foot and ankle should be 
also regarded in the context of its effect on the complete leg. 
For example pronation produces inward rotation, valgus of 
the knee, and a minimal forward inclination of the leg.

Assessing forces and torques acting on the lower limb 
during walking is important to understand human gait and 
associated pathologies. A variety of measurement tools has 
been developed to study the interaction of the foot with the 
ground. The walking speed has a direct effect on the plantar 
pressures during gait. Speed is related linearly to maximum 
ground reaction forces [8, 9], but is inversely related to the 
pressure time integral [10]. With increasing walking speed, a 
medialisation of the forces can be observed, with rising peak 
pressures on the medial side of the foot, and decreasing pres-
sures on the fifth metatarsal [11]. Any condition reducing the 
range of motion of the ankle like ankle osteoarthritis or ankle 
fusion increases metabolic energy expenditure [12–14].

 Gait

Human gait involves the complete human body. It can be 
described with the gait cycle. The gait cycle is defined from 
the initial contact of one leg until the next initial contact of 
the same leg, e.g. from right heel-strike to right heel-strike.

In some parts of the gait cycle, there is double limb sup-
port, with both feet resting on the ground, in others there is 
single heel support, with one foot swinging through without 
contact to the ground. The step length is the distance from 
one heel strike to the next, the stride the length of two suc-
cessive steps. It is about 1.5 m for healthy adults.
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Cadence is the number of steps per minute, a value of 
about 110 per minute or approximately 2 steps per second 
are normal values for adults. The cadence is inversely pro-
portional to the leg length, so smaller people have a higher 
cadence.

The walking cycle consists of a stance phase, when the 
foot is on the ground, representing about 62 % of the gait 
cycle, and the swing phase, when the foot is swinging for-
ward, making up the missing 38 % of the gait cycle.

To facilitate understanding the complex patterns of 
motion that are taking place at the same time, the stance 
phase is further divided into three intervals: interval 1 
extends from the moment the heel strikes the ground, the 
so-called initial contact, until the foot is positioned flat on 
the ground. Weight is transferred rapidly on the foot, an 
incident referred to as the loading response. During the 
loading response, there is double-limb support. Interval 2 
lasts from the moment the foot is positioned flat on the 
ground until the body weight passes over the stable, single 
foot, the midstance. Interval 3 lasts from ankle plantar 
flexion to toe-off. The forward movement of the body over 
the foot results in weight being transferred to the 
forefoot.

In the pre-swing phase, the foot is unloaded as weight is 
tranferred to the other foot. There is double limb support 
again. The Swing is also divided in three phases: The initial 
swing, when the thigh is advancing parallel to the foot being 
lifted off the ground. Then the mid-swing, with continuous 
advancement of the thigh. The knee is beginning to extend, 
and the foot clears the ground completely. In the terminal 
swing, the knee extends further and the leg prepares to touch 
the ground. The anterior compartment muscles, in particular 
the tibialis anterior muscle contracts concentrically and by 
this extends the ankle dorsally. The hindfoot is pulled in 
slight inversion, as the insertion of the tibialis anterior is 
located medially. This is why the heel is minimally inverted 
at heel strike.

In the first interval of the stance phase, the longitudinal 
arch of the foot flattens, the heel and the subtalar joint are 
everted. Because of this, the transverse tarsal articulation is 
unlocked, so that the foot can absorb and dissipate the forces 
that are generated by the heel strike. From the moment the 
heel touches the ground, there is quick plantar flexion of the 
ankle, until the foot rests flat. Usually the other heel is not on 
the ground any more, but the forefoot is still in contact with 
the floor. This interval takes about 15 % of the gait cycle. The 
eversion of the heel causes a slight inward rotation of the 
tibia, transmitted by the subtalar joint. The anterior muscle 
compartment is essential in this interval, as it is slowing 
down and controlling the plantar flexion of the ankle after 
heel strike in eccentric contractions. The posterior compart-
ment and the muscles supporting the longitudinal arch are 
not active.

In interval 2 of the stance phase, there is increasing dor-
siflexion of the ankle, followed by plantar flexion as the 
body passes over the weight bearing foot. The foot turns 
from a flexible force absorber to a more rigid fulcrum being 
able to support the weight of the body. This is going along 
with a progressive subtalar inversion, locking the transverse 
tarsal articulation, making the midfoot rigid. At the end of 
this interval the heel begins to rise, and plantar flexion of the 
ankle begins. The other leg is swinging through, causing 
external rotation of the standing limb. These forces, trans-
mitted by the subtalar joint support the progressive inver-
sion of the hindfoot, like the metatarsophalangeal break and 
the tightening plantar fascia do. The maximum forces acting 
on the ankle joint are as high as 4.5 times the body weight. 
Interval 2 takes about 25 % of the gait cycle. The intrinsic 
muscles of the foot contract to support the arch of the foot 
and the dorsal muscles of the calf control the forward 
motion.

In interval 3 of the stance phase the ankle plantar flexes 
quickly. The subtalar joint goes into maximal inversion, 
finishing the inversion movement started in interval 2. The 
toes are extended dorsally, resulting in the plantar fascia 
being tightened. At the moment of toe-off, the subtalar 
joint is maximally inverted. All these mechanisms are 
working together to stabilize the foot and get it rigid for a 
strong and efficient toe-off. The maximum inversion of the 
foot on the ground is transmitted as an external rotation to 
the lower leg. After toe-off there is immediate dorsal 
extension of the ankle, allowing the foot to swing through 
until the next heel- strike. Interval 3 takes about 22 % of the 
gait cycle. The load applied on the foot reaches about 
120 % of the body weight. The dorsal calf muscles are 
mainly active in this interval, initiating plantar flexion with 
concentric contractions. Towards the end of the interval, 
weight is transferred to the other foot, and the anterior 
compartment muscles start dorsal extension of the ankle to 
prepare for the swing. The intrinsic muscles of the foot 
stabilize the longitudinal arch until toe off, although the 
plantar fascia is the main stabilizer in this section of the 
gait cycle.

The forces in the ankle during normal walking reach four 
times body weight [15]. The forces in the ankle during run-
ning are estimated to range up to 14 times body weight [16, 
17]. The loads in the subtalar joint behave quite similar. 
Giddings found values of 5.4 times body weight there in 
walking and 11.4 times body weight in running [18]. In 
sports it is important to keep in mind that different playing 
surfaces significantly influence foot loading [19], like differ-
ent overground surfaces or treadmills in running [20, 21]. 
Manoeuvers like cutting, jumping and landing, integral part 
of many sports, expose the foot to pressures more than dou-
bled compared to running [22]. Cutting puts load on the 
medial side of the foot, sprinting on the first and second ray. 
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In soccer-kicks predominantly the lateral foot is stressed 
[23]. Fencing loads in particular the heel and the hallux 
region [24].

 Component Biomechanics

During the human gait cycle complex patterns of motion are 
taking place at the same time. Therefore it is worthwhile 
having a look at the individual components to completely 
understand biomechanics of human walking.

 Ankle Joint

The ankle is dorsally extended at heel strike from the swing 
phase. Then it plantar flexes rapidly to position the foot flat 
on the ground. The muscles of the anterior compartment of 
the lower leg slow and control this plantar flexion with 
eccentric contractions. The posterior compartment of the 
lower leg controls the progressive dorsiflexion of the ankle 
from foot flat with eccentric contractions and continues to 
contract concentrically as ankle plantar flexion is starting. 
The posterior compartment of the muscles works as a group. 
The tibialis posterior and peroneus longus start to work a 
little bit earlier than the rest of the compartment.

The axis of the ankle joint is oblique and changes continu-
ously through the entire range of motion of dorsi- and plan-
tarflexion [25]. In the coronal plane it deviates about 88–100° 
from the vertical axis of the leg [26]. Moreover the ankle 
plain is rotated in the horizontal plane [26]. Palpating the tips 
of the malleoli and connecting them with an imaginary line 
allows a clinically sufficient estimation of the ankle joint 
axis (Figs. 2.1, 2.2, and 2.3). A reason for this helical 
dynamic axis is the shape of the talus with a smaller radius 
medially as laterally and the strong deltoid ligament as a 
rotational point.

Because of the oblique joint axis, every dorsal extension 
and plantar flexion movement also leads to a rotation of the 
foot, if the foot is free, and to a rotation of the leg, if the foot 
is fixed. The free foot moves outward in dorsal extension and 
inward in plantar flexion. On the other hand if the foot is 
fixed dorsal extension will rotate the leg internally, and plan-
tar flexion externally. Likewise external rotation of the lower 
leg leads to a movement transfer into inversion of the hind-
foot, and elevation of the medial side of the foot. In internal 
rotation of the lower leg, it is just the other way round. This 
phenomenon is called coupled movement. Nonetheless the 
ankle joint obliquity contributes only partially to the rota-
tional motions of the foot and lower leg. The subtalar joint is 
responsible for the additional rotational movement. 
Compared to the knee joint axis the ankle axis is about 
20–30° externally rotated.

 The Subtalar Joint

The subtalar joint is a joint with a single fixed axis. It acts 
as a hinge/torque converter between the talus and the cal-
caneus. In the transverse plane, the joint axis deviates 
about 23° medial to the longitudinal axis of the foot, rang-
ing from 4° to 47° [27]. In the sagittal plane, the axis is 
about 41° oblique, ranging from 21° to 69° [27] (Figs. 2.4 
and 2.5).

In the anatomy and the alignment of the subtalar joint 
there are immense individual variations. In summary the 
subtalar joint acts as a torque converter between the lower 
leg and the foot. It has a crucial function in locking and 
unlocking the transverse tarsal articulation, it is determina-
tive to the distal foot joints. During the gait cyle, the subtalar 
joint is slightly inverted in the heel strike position, and pro-
gresses quickly into eversion with maximum eversion when 
the foot is flat on the ground. It then moves towards progres-
sive inversion until toe-off. The eversion at heel strike is a 
passive motion, forced by the fact, that the subtalar axis is 
situated laterally to the weight bearing axis. The eversion is 

Fig. 2.1 Axis alignment of the ankle. Variations of the alignment of the 
distal tibia [26]
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controlled by the ligaments of the ankle and the subtalar 
joint, and serves to absorb the impact of the heel strike. 
Muscle pull of the deep posterior compartment supports 
hindfoot inversion.

In flat foot deformity the axis of the subtalar joint is 
more horizontalized. This results in the same rotation of 

the lower leg generating greater pronator/supinator 
effects on the foot. This explains why asymptomatic flat 
feet usually present with a greater range of motion in the 
hindfoot and midfoot. In cavovarus deformity, the oppo-
site is true.

Fig. 2.2 Axis alignment of the ankle. Empirical axis of the ankle [26]

Fig. 2.3 Empirical axis of the ankle in the clinical examination

Fig. 2.4 Alignment of the subtalar joint in the transverse plane. The 
joint axis deviates with a mean of 23° to the long axis of the foot, with 
wide variations [26]

Fig. 2.5 Alignment of the subtalar joint in the sagittal plane. The joint 
axis deviates with a mean of 41° to the long axis of the foot, with wide 
variations [26]

2 Biomechanical Principles of Foot and Ankle
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 Transverse Tarsal Articulation

The transverse tarsal articulation includes the talonavicu-
lar joint and the calcaneocuboid joint, forming one func-
tional unit. It connects the hindfoot with the midfoot. 
These joints each have their independent range of motion, 
but they work together as a functional unit crucial for hind-
foot biomechanics. In Supination the navicular glides 
medially and inferiorly on the talar head. The cuboid fol-
lows the navicular, also moving medially and plantarly. In 
pronation, the reverse takes place. There are two axes of 
motion in the transverse tarsal articulation. The longitudi-
nal axis allows motion similar to the subtalar joint in the 
pronation/supination direction. The oblique axis is nearly 
parallel to the axis of the ankle joint, enabling movements 
in the dorsal extension and plantar flexion direction. This 
explains why compensatory hypermobility in patients with 
fused ankles is mostly taking place in the transverse tarsal 
joint.

If the heel is everted, the joint lines of the talonavicular 
and the calcaneoucuboid joint are parallel to each other, 
making the hindfoot/midfoot transition flexible. The 
 longitudinal arch of the foot is flattened [28] (Figs. 2.6 
and 2.7).

In inversion, the joint lines are angulated to one another, 
and the hindfoot/midfoot transition is rigid. The transverse 
tarsal articulation ensures that the foot is flexible at heel 
strike, and rigid and stable for toe-off. The longitudinal arch 
of the foot is elevated and stabilized. Therefore the foot can 
work as an extension of the leg, and allow a sufficient stride 
length. The transverse tarsal joint transmits hindfoot motion 
to the more distal parts of the foot. It has to be noted, that the 
radius of the talar head is different in the anterior-posterior 
and the lateral direction. Because of this additional stability 
is provided intrinsically when force is applied through the 
joint at toe-off.

 Metatarsophalangeal Break

The metatarsophalangeal break is the angle formed by the 
metatarsal heads because of their different lengths. It angles 
50–70° to the long axis of the foot. Usually the 2nd metatar-
sal head is located most distal. As the 1st metatarsal head is 
slightly elevated and supported by two sesamoid bones, it 
comes up to the length of the 2nd metatarsal head function-
ally. With the heel elevated immediately before toeing off, 
the body weight is usually distributed to all the metatarsal 
heads. To allow this weight distribution, slight supination 
and lateral deviation is necessary because of the obliquity of 
the metatarsophalangeal break. The subtalar joint balances 
this supination, so that the foot remains vertical on the 
ground (Fig. 2.8).

 Plantar Aponeurosis – Windlass Mechanism

The plantar aponeurosis extends from the calcaneal tubercle 
to the bases of the proximal phalanges. Passing the metatar-
sal heads it forms the plantar plate together with the joint 
capsule. In dorsal extension of the phalanges the plantar apo-
neurosis is pulled over the metatarsal heads. This leads not 
only to depression of the metatarsal heads, but also an eleva-
tion of the longitudinal arch of the foot. This so called “truss 
and windlass mechanism” is most functional on the medial 
side of the foot [29]. Tightening of the plantar fascia will also 
lead to inversion of the calcaneus and external rotation of the 
tibia. This happens as the heel begins to rise as the body 
passes over the foot until toe-off (Fig. 2.9). Pathologies of 
the plantar fascia like plantar fasciitis are frequent in ath-
letes, in particular in runners. The force acting on the plantar 
fascia reaches up to 2.9 times body weight in running [17].

Athletes with strength and flexibility deficits are at a spe-
cial risk for plantar fasciitis [30].

Fig. 2.6 Function of the transverse tarsal articulation: in eversion the 
midfoot is flexible

Fig. 2.7 Function of the transverse tarsal articulation: in inversion the 
transverse tarsal articulation is locked. The foot is rigid
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 Biomechanics of Running

In running the same basic mechanisms apply. The gait cycle 
in contrast is altered significantly. In normal walking one 
foot always stays on the ground, in running a float phase is 
included, during which no foot is on the ground. The stance 
phase is relevantly shortened from about 0.6 s when walking 
to 0.2 s when sprinting. Increasing range of motion of the 
joints of the lower limb of about 50 % helps absorb these 
higher forces. The muscles must control these larger motions 
at a shorter time with a larger force. This is why injuries and 
overuse occur mostly during sports. Moreover muscle action 
is necessary over a larger percentage of the gait cycle, when 
compared to walking. With rising speed of running, the time 
for the gait cycle itself is getting shorter. Also the time of the 
stance phase in real time as in percentage of the gait cycle is 
reduced. With increasing speed the gastrocnemius muscle 
plays a role with rising importance. In normal walking its 
contribution to forward motion is minimal. Forefoot runners 
have a relevantly higher load of about 15 % in their Achilles 
tendon than non-forefoot runners [31].

 Surgical Biomechanics

 Biomechanics of Ankle Osteoarthritis

Ankle osteoarthritis has a significant impact on human loco-
motion. Patients with ankle osteoarthritis present a shorter 
stride length, walking speed is reduced. The stance phase is 
shorter. The range of motion of the ankle is diminished in all 
three planes. The greatest deficit usually concerns dorsi- and 
plantarflexion [14]. There is increased stress on the adjacent 
joints.

 Biomechanics of Total Ankle Replacement

Total ankle replacement is the treatment option for endstage 
ankle osteoarthritis mimicking physiological ankle joint 
range of motion and biomechanics the closest. This poten-
tially shelters the adjacent joints from accelerated wear and 
leads to improved function. Still it needs to be mentioned 
that patients with a total ankle replacement performing sport 
very actively will very likely experience an earlier loosening 

Fig. 2.8 Metatarsophalangeal Break: The axis of the metatarsal heads 
angles a mean of 62° to the longitudinal axis of the foot. Variations 
occur [26]

Fig. 2.9 (a, b) Function of the plantar aponeurosis: dorsal extending 
toe I tightens the plantar fascia, thereby elevating the longitudinal arch 
of the foot
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of the implants. Most impact sports cannot be recommended 
for patients with joint replacements.

 Biomechanics of Ankle Fusion

Ankle fusion eliminates motion in the ankle joint and 
changes ankle joint kinematics relevantly. In patients 
with a fused ankle joint, there is increased stress in the 
subtalar joint, the chopart joint line and the knee joint. 
The  adjacent joints develop a compensatory hypermobil-
ity, in  particular the transverse tarsal articulation. If the 
ankle is mal- positioned in excessive internal rotation, the 
body passes over the foot only with difficulty. There is 
increased stress in the subtalar joint, the midfoot, the 
knee and the hip. There may be overuse problems of the 
hip and the knee because of compensatory external rota-
tion of the hip.

In excessively externally rotated position the foot rolls 
over the medial side. Increased stress acts there with a fre-
quent development of hallux valgus, and problems on the 
medial side of the knee.

As far as alignment in the varus-valgus plane is con-
cerned, the surgeon fusing an ankle should aim for a phys-
iological slight hindfoot valgus. It is crucial to take the 
alignment of the complete lower limb like the subtalar 
joint into account. If the subtalar joint is stiff, it is crucial 
to make sure that there is sufficient valgus to allow for a 
plantigrade position of the foot during walking. Fusing 
the ankle in varus position increases the stress on the lat-
eral side of the foot. In addition this locks the transverse 
tarsal articulation making the transition from the hindfoot 
to the midfoot rigid, disturbing force dissipation during 
gait, and thereby overloading the small joints of the 
midfoot.

A plantarflexed ankle fusion leads to a functional length-
ening of the limb. Patients develop a compensatory back 
thrust of the knee, and an uneven gait pattern. There is 
increased stress on the midfoot. In patients with a shorter leg 
or a loss of function of the knee extensors with a subsequent 
unstable knee fusion of the ankle joint in slight plantar flex-
ion can therefore improve function.

Increased dorsiflexed position concentrates the ground 
impact on a small area of the heel, which is easily mechani-
cally overloaded and painful.

 Biomechanics of Subtalar Joint Fusion

The very moment the subtalar joint is fused, higher rotation 
forces are acting on the ankle joint. The ankle needs to absorb 
the transverse rotational forces that are normally compen-
sated for by the subtalar joint.

The varus-valgus position affects the forefoot position 
and the midfoot articulations in the way already mentioned 
in this chapter. Excessive varus position will put the fore-
foot into supination, so that the weight bearing line is 
shifted laterally. Moreover the concomitant locking of the 
transverse tarsal articulation in at least a semi-locked posi-
tion makes the hindfoot-midfoot transition at least semi-
rigid and this inhibits the usual compensatory 
hypermobility. It is advisable to fuse the subtalar joint in a 
physiological slight valgus position. This makes the fore-
foot flexible and will enable an even force distribution 
through the forefoot.

 Biomechanics of Fusion of the Chopart Joint

Fusion of talonavicular joint or the transverse tarsal articula-
tion eliminates subtalar motion completely. Isolated arthrod-
esis of the calcaneocuboid joint reduces the range of motion 
in the subtalar joint about 30 %. The range of motion of the 
subtalar joint has an important influence on gait, as it is the 
key joint to lock or unlock the transverse tarsal articulation, 
and therefore controls the forefoot.

Again it is best, to go for physiological alignment in 
fusion.

It can be stated as a general principle in ankle and hind-
foot fusions, that if ever a non-physiological position is 
going to be inevitable, it is better to err into too much valgus, 
as this will preserve the flexibility of the foot.

Fusions of the medial three rays in the Lisfranc Joint line 
and intertarsal joint fusions do not affect the range of motion 
very much. The two lateral rays in the Lisfranc joint line are 
quite mobile physiologically to allow the foot to adapt on 
uneven ground. Fusion of these lateral rays should be avoided 
if possible.

 Biomechanics of Forefoot Corrections

A removal of the base of the proximal phalanx of the 1st toe 
like in the Keller-Resection arthroplasty disrupts the wind-
lass mechanism of the plantar aponeurosis. There is a 
decreased loading of the 1st metatarsal, and an increased 
loading of the lesser metatarsal heads. In the lesser toes the 
same effect in a smaller extent can be observed. In fusions 
of the hallux joint, the position is absolutely critical. Most 
authors recommend a slightly dorsally extended and valgus 
position. If the metatarsophalangeal joint I is fused, an 
 overuse of the interphalangeal joint and the tarsometatarsal 
joint I can be observed, in some cases also with radiologi-
cal signs of osteoarthritis. Luckily this is rarely symptom-
atic. Hallux interphalangeal joint fusions don’t seem to 
have a significant effect on biomechanics of human gait.

M.G. Walcher and R. du Sart
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 Tendon Transfers

For the planning of a tendon transfer in foot and ankle it is 
crucial to have a look on the position of the muscle and its 
insertion in relation to the axes of the joints. It is crucial to 
examine the function of the individual muscles thoroughly. 
Thereby it is possible to determine which muscles are poten-
tially transferrable, and where they need to be inserted, to 
achieve a balanced foot.

Transferring a muscle usually active in the stance phase to 
a swing muscles is difficult and the other way round – in- 
phase transfers are preferable and usually have better results.

 Ankle Ligaments

The ligaments of the ankle allow free simultaneous motion 
of the ankle and the subtalar joint. The deltoid ligament is 
the shape of a fan that stabilizes on the medial side. On the 
lateral side there are three individual ligament. The calca-
neofibular ligament (CFL) stabilizes the ankle and the sub-
talar joint. The CFL runs oblique-posteriorly in neutral 
position of the ankle. In dorsal extension it runs in line 
with the fibula, acting as a true collateral ligament. The 
AFTL in contrast runs horizontally in dorsal extension not 
stabilizing in this position. In plantar flexion the CFL runs 
parallel to the ground with the consequence that it doesn’t 
stabilize against inversion. The AFTL runs in line with the 
fibula then, thus resisting inversion in this position. So 
depending on the position of the ankle the AFTL or the 
CFL are the primary stabilizers of the ankle joint. The 
angle between these two ligaments ranges from 70° to 
140° [26]. Throughout the range of motion of the ankle 
there are theoretically positions where neither of these 
ligaments stabilises the joint. The stability of the ankle 
joint should be examined in dorsal extension like in plantar 
flexion to be able to estimate stability of the CFL like the 
AFTL.

The most important stabilizers of the subtalar joint are the 
interosseous talocalcaneal ligaments in the sinus tarsi.

Ankle sprains and ankle ligament injuries are among the 
most common injuries in sports, and affect in most of the 
cases the lateral ligaments. It is important to keep in mind, 
that 10–30° of the patients with acute ligament lesions of the 
ankle develop a chronic instability, even if they are treated 
consequently. Chronic ankle instability allows a too big 
amount of talus translation and rotation. This creates relevant 
shear forces on the cartilage, which is frequently already 
damaged by the initial trauma. Thereby chronic ankle insta-
bility accelerates cartilage wear and causes joint degenera-
tion [32]. Nonetheless the latency for posttraumatic 
ligamentous ankle osteoarthritis is according to Valderrabano 
more than 30 years [32].

 Summary

Biomechanics of the foot and ankle is complex. It needs to 
be understood in the context of the whole extremity and the 
whole body.

A thorough biomechanical understanding is necessary for 
successful treatment strategies for foot and ankle pathologies. 
Any treatment should aim to restore physiological biome-
chanics or get biomechanics as close to normal as possible.

Impaired function and range of motion of joints of the 
foot and ankle overloads adjacent joints, disturbs gait and 
increases energy consumption.

Certain sports require more than a physiological perfor-
mance of the foot or overuse structures of the foot even when 
performed correctly and with an excellent and well-balanced 
training schedule.

In sports biomechanical demands on the foot and ankle 
are high. This is why even small deformities and abnormities 
that usually would not cause any problems can lead to over-
use or make prone for specific injuries.
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Overview and Epidemiology of Foot 
and Ankle Problems in Sports

John S. Lewis Jr.  and Mark E. Easley

Abstract

Injuries of the foot and ankle are common among recreational and competitive athletes. Like 
most sports-related injuries, management typically entails a period of rest, aggressive rehabili-
tation and return to early competitive activity without compromising long-term functional 
outcomes. Timing of intervention and return to play is often a prime consideration with respect 
to sports, and thus particular emphasis is often given to early diagnosis and treatment in the 
athlete. A combination of intrinsic and extrinsic factors may predispose athletes to certain 
injuries in the foot and ankle. Common acute athletic injuries to the foot and ankle include 
ankle sprains, ankle fractures, turf toe, Lisfranc injuries, and overuse syndromes ranging from 
Achilles tendonitis to stress fractures. As in all of sports medicine, the goal of treatment and 
surgical decision-making is to ensure safe return to play and to reduce the risk of further or 
recurrent injury, aligned with the goals of coaches, teams, and the athlete.

Keywords

Ankle • Athlete • Injury • Overuse • Stress fracture • Sports

 Introduction

Sports medicine has evolved beyond the care of the athlete 
with a knee injury to encompass all subspecialty areas in 
orthopaedics, including the foot and ankle [1]. Injuries of the 
foot and ankle are common among recreational and competi-
tive athletes. Like most sports-related injuries, management 
typically entails a period of rest, aggressive rehabilitation 
and return to early competitive activity without compromis-
ing long-term functional outcomes [2]. Timing of interven-
tion and return to play is often a prime consideration with 
respect to sports, and thus particular emphasis is often given 
to early diagnosis and treatment in the athlete [1]. For  athletes 
with evidence of structural abnormalities requiring surgical 
intervention, emphasis on anatomic reconstruction and repair 

is paramount [1]. These objectives, however, are often influ-
enced by the high expectations of teams, coaches, parents, 
agents, and the athlete [2]. Limited or percutaneous 
approaches, endoscopic methods, bioabsorbable implants, 
and tissue-engineered transplants and other novel surgical 
methods are becoming more accepted in an effort to meet the 
unique challenges a foot or ankle injury in an athlete can 
present [1]. Common acute athletic injuries to the foot and 
ankle include ankle sprains, ankle fractures, turf toe, Lisfranc 
injuries, and overuse syndromes ranging from Achilles ten-
donitis to stress fractures.

 Epidemiology

Sports participation has become a fundamental characteristic 
of American society. In terms of the most popular sports in this 
country, it is estimated that approximately 17.7 million 
Americans play football, 14.5 million play soccer, 15.6 million 
play baseball, 28.9 million play basketball, and 13.6 million 
play softball. [1, 3] Both foot and ankle and sports medicine 
surgeons should be familiar with the spectrum of athletic 
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injuries that affect the foot and ankle, as traumatic injuries of 
the foot and ankle occur frequently in sporting activity. In 
recent decades, public health surveillance programs have 
more accurately quantified the frequency and breadth of foot 
and ankle injuries in many sports and at many different levels 
of competition [2]. Injuries to the lower extremity constitute 
the majority of injuries for most sports, particularly the run-
ning, jumping, and kicking sports [1]. In a review of injuries 
seen in a multispecialty sports clinic, 25 % of 12,681 injuries 
that occurred in 19 sports involved the foot or ankle [4, 5]. In 
addition, an estimated 20–35 % of total time lost to injury in 
running and jumping sports can be attributed to ankle inju-
ries [4, 6].

In 1982, the National Collegiate Athletic Association 
(NCAA) developed the Injury Surveillance System (ISS) in an 
effort to improve athlete safety by recording and reviewing the 
epidemiology of the most common injuries suffered by colle-
giate athletes [2, 7]. The data collected in the ISS have been 
instrumental in implementing rule and equipment change rec-
ommendations and ultimately reducing the number of colle-
giate athletic injuries [2]. For a 16 year period, from 1988–89 
to 2003–4, ankle ligament sprains were reported to be the most 
common injury during practice and competition, comprising 
14.9 % of all injuries across all three collegiate divisions [2, 8]. 
This represents an injury rate of 0.83 per 1000 athlete-expo-
sures [8]. In comparison, anterior cruciate ligament injuries 
accounted for 2.6 % of all injuries, with 0.15 injuries per 1000 
athlete exposures [2, 8]. At the high school level, 39.7 % of 
injuries among athletes involve the foot and ankle, with sprains 
being the most  common [2, 9].

 Etiologic Factors

The ultimate goal of sports medicine is to enable athletes to 
perform at their maximum abilities while minimizing the risk 
of injury [2]. There are certain identifiable intrinsic and 
extrinsic risk factors that influence the type and severity of 
injuries that athletes may face. Factors that are intrinsic to the 
athlete, such as tarsal coalitions or hindfoot malalignment, or 
to the sport, such as high weekly mileage requirements in 
competitive long distance running, are often unable to modi-
fied. Factors that are extrinsic to the athlete, such as equip-
ment, dietary habits, playing surfaces, and rules governing 
play, can also directly impact the type of injuries an athlete 
may suffer. Perpetual scrutiny of the safety and efficacy of 
equipment used in sporting activity is critical in reducing the 
risk of injury. For example, in 1988 Janda et al. found that 
71 % of all recreational softball injuries were attributed to 
sliding into bases, with 56 % of these injuries being isolated 
to the foot and ankle [10]. By substituting breakaway bases 
they demonstrated a reduction of injuries from 1 in 14 games 
to 1 in 317 games [1, 10, 11]. In addition, interventions in the 

form of rule changes such as the elimination of the “crack-
back” block and targeting with the helmet can effectively 
reduce the incidence and severity of injury [1].

In particular, there has been considerable concern that the 
evolution of artificial playing surfaces has increased injury 
rates among athletes. Although substantial attention has been 
given to this subject, there has been no definitive evidence of 
this being true despite over twenty studies investigating this 
issue [1]. Natural grass can also play a role in injuries, how-
ever, if surfaces are poorly maintained. Mueller and Blyth 
showed a 30 % reduction in injury rate by careful mainte-
nance and upkeep of grass practice and game fields [1, 12]. 
In competitive and recreational running, hard surfaces and 
hills are often implicated in injuries to foot and ankle, 
although several studies [13, 14] have found no relationship 
between surface hardness/type and injury [1]. One study did 
note the only significant relationship between injuries and 
training surface was to be in female runners running on con-
crete [1, 15]

 Biomechanical Abnormalities

Certain underlying anatomic abnormalities are often impli-
cated as a predisposing factor in athletic injuries. For exam-
ple, rigid tarsal coalitions in the hind foot are often associated 
with recurrent ankle sprains. Many runners and coaches feel 
that athletes with abnormal foot biomechanics, such as the 
runner who “overpronates,” have an innately higher risk for 
sustaining a running-related injury [1]. Many authors feel that 
a hyperpronated cavus foot and/or forefoot varus predisposes 
individuals to Achilles tendonitis and injury [16]. However, 
this has not been conclusively borne out in the literature. The 
Ontario Cohort Study [14] of 1680 runners found little cor-
relation between anthropometric measurements (femoral 
neck version, pelvic obliquity, patella alignment, hindfoot 
valgus, pes planus/cavus) and risk for injury [1].

Some studies of the incidence and epidemiology of stress 
fractures in military recruits have suggested that flat or pro-
nated feet have no greater incidence of stress fracture than nor-
mal ankle and foot configurations [1, 17, 18]. A study in Israeli 
military recruits showed an increased incidence of metatarsal 
fractures in soldiers with a low arch height but fewer tibial and 
femoral stress fractures [1, 19]. Furthermore, a study in Navy 
SEAL trainees [20] demonstrated that abnormal hindfoot 
motion predisposed recruits to injury; specifically, those with 
restricted hindfoot inversion were more prone to femoral 
stress fractures, and those with increased hindfoot inversion 
had a higher incidence of tarsal and metatarsal stress fractures 
[1]. Others have supported the notion that both high-arched 
and low-arched feet can cause impairment of function in the 
subtalar and transverse tarsal joints, predisposing to overuse 
injuries with repetitive loading in sport [1, 20].
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Although the published literature is not conclusive, cer-
tainly some ankle and foot conditions do seem to predispose 
athletes to certain injuries in sports. Careful analysis of lower 
extremity alignment, including hindfoot varus/valgus and 
arch height, should always be assessed during a focused 
physical exam of an injured athlete.

 Footwear

Determining the type of shoewear worn by an injured athlete 
can be a valuable component of a thorough history. Improper 
fit of an athletic shoe is a common cause of foot complaints in 
recreational and competitive athletes. For example, shoes that 
are too tight can cause metatarsalgia or pain at the site of the 
narrow toebox (i.e., the site of bunion and bunionette pathol-
ogy); shoes that are too loose can result in blisters [1]. Shoes 
that are too short on toe strike can result in repetitive crush 
injuries to the toes, resulting in subungual hematomas, nail 
plate/bed injury, and ultimately ulcers and osteomyelitis [1].

In most sports, athletes prefer that their shoewear confer 
maximum traction for superior performance in cutting and 
running, but increasing traction with the playing surface 
invariably increases the torque load borne by the body or 
extremity [1]. In sports in which cleated footwear is 
employed, longer cleats [21] and traditional seven-cleated 
football shoes [22] have been associated with higher torque 
and a higher number of ankle injuries than when athletes 
were switched to a shorter- and more-studded soccer style 
shoe [1]. Similarly, often basketball players prefer a lower- 
profile shoe to maximize mobility during games. More tradi-
tional high-top shoes can be 50 % stiffer than low-cut models 
and theoretically reduce the load seen by the collateral liga-
ments of the ankle during inversion/eversion moments [1, 
23]. However, a prospective randomized study of high- ver-
sus low-top shoes showed no evidence that high-top shoes 
lowered the incidence of ankle injuries [24]. Basketball shoe 
height increases the maximum resistance to an inversion 
moment but may not change the athlete’s ability to resist an 
eversion moment [1, 25]. Others have suggested that strong 
active ankle evertor muscles alone provide superior protec-
tion to inversion stress than three-quarter top basketball 
shoes [26].

 Sports-Related Injuries to the Foot 
and Ankle

Specific sports-related pathology and injuries of the foot and 
ankle are reviewed in later chapters. Broadly, these condi-
tions can be separated into acute injuries, in which a particu-
lar movement or moment of contact strains or damages 
native tissue; and overuse-type injuries, in which normal 

 tissue suffers repetitive microtrauma leading to pain, 
decreased function/performance, and at times rupture or 
fracture of the affected anatomic structure.

 Acute Injuries

Intrinsic and extrinsic factors certainly may predispose indi-
viduals to a specific type and severity of acute injury to the 
foot and ankle. In athletic activity, acute injury most com-
monly occurs when a particular force vector is applied (often 
through contact with another participant or via the extremity 
being malpositioned with weightbearing, or “non-contact” 
type injury) which exceeds the yield strength of a particular 
anatomic structure, resulting in injury or rupture. Common 
soft tissue injuries about the foot and ankle include ankle 
sprains (acute and chronic), syndesmotic injuries (high ankle 
sprains), Lisfranc injuries and midfoot sprains, turf toe (plan-
tar plate) injuries, and tendon ruptures (most commonly 
Achilles, peroneal or posterior tibial). Often, an acute rup-
ture or injury indicates the final point on a spectrum of repet-
itive microtrauma or overuse, such as the athlete with chronic 
Achilles tendonitis who finally ruptures his or her Achilles 
tendon during a forceful pushoff during competition. The 
classification, anatomy, and surgical management of these 
injuries are discussed in detail in ensuing chapters.

 Overuse Injuries

The ankle and foot are prone to overuse-type injuries ranging 
from soft tissue inflammation such as Achilles tendonitis to 
stress reactions and fractures of bone. In competitive athletes, 
stress fractures of the tibia, foot, and ankle are common and 
lead to considerable delay in return to play [27]. Stress frac-
tures are common in athletes who engage in repetitive activi-
ties, especially runners [2]. When weekly mileage surpasses 
40 miles, the risk of injury to runners increases exponentially 
[1]. High-risk stress fractures, such as those of the anterior 
tibial diaphysis, navicular, proximal fifth metatarsal, and 
medial malleolus present particular management challenges 
and often require surgical intervention, particularly in high-
level athletes desiring a quicker return to play [27]. Stress 
reactions and fractures most commonly occur in watershed 
areas of relatively poorly-vascularized bone, limiting the abil-
ity of the bone to respond to repetitive stress and heal [27].

In athletes, common causes of overuse injuries are train-
ing errors, such as sudden changes in terrain surface, work-
out intensity or schedule, or inappropriate footwear [16]. 
Often mild cases can be effectively treated with correction of 
the underlying training error, such as changing inappropriate 
footwear or modifying the training schedule. These injuries 
often have an insidious onset and may often be initially 

3 Overview and Epidemiology of Foot and Ankle Problems in Sports
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 misdiagnosed. Once appropriately recognized, these injuries 
can require considerable a period of rest, even when surgery 
is performed, before an athlete can be allowed to safely 
return to sport.

 Initial Evaluation of the Injured Athlete

The initial approach to evaluating the athlete with an injury 
about the foot or ankle involves identifying and localizing the 
injured bony and soft-tissue structures [2]. Careful attention 
to the mechanism of injury and a review of any worn protec-
tive equipment and footwear is vital. Importantly, a focused 
history and physical exam will narrow the differential diagno-
sis and determine if further imaging studies are needed. The 
prevailing trends are expansion of diagnostic imaging and a 
low threshold to obtain magnetic resonance imaging (MRI) 
[1]. Once a particular injury has been correctly diagnosed, 
often the most important issue is determining when it is safe 
to return to play. This decision, in addition to the severity and 
type of injury, often also depends on the patient’s competition 
level and temporal issues (in-season versus off-season, 
approaching events such as combines or tournaments) [2]. As 
in all of sports medicine, the goal of treatment and surgical 
decision-making is to ensure safe return to play and to reduce 
the risk of further or recurrent injury, aligned with the goals of 
coaches, teams, and the athlete [2].
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Clinical Examination

Alexander J. Lampley, Christopher E. Gross, 
Mitchell Klement, and Mark E. Easley

Abstract

The foot and ankle is comprised of an array of joints, ligaments and tendons that act to 
propel the body forward during ambulation while providing a stable weight bearing surface. 
While the complex relationship between these bones and soft tissue structures can be chal-
lenging, the examiner can obtain valuable diagnostic information from a systemic examina-
tion of the foot and ankle. All foot and ankle examinations should include a thorough 
inspection, gait observation, range of motion and neurovascular examination. Specialized 
tests can further aid the examiner in making the correct clinical diagnosis.

Keywords

Foot exam • Ankle exam • Physical examination

 Introduction

The foot and ankle act to propel the body forward during 
ambulation, to absorb loading forces, and to provide a stable 
weight bearing surface. To accomplish these tasks, the foot 
and ankle is comprised of an intricate array of joints, liga-
ments and tendons. The complicated synergistic relationship 
between the bones and soft tissue structures combined with 
the number of joints in the foot can be challenging for an 
examiner. However, by following a systemic approach, the 
examiner can obtain an exam that aids him in making the 
correct diagnosis.

 Inspection

The patient should expose both lower limbs from the knee to 
the foot. Shoes should be removed. Inspection of the 
patient’s footwear can reveal wear patterns that may give 
clues to any gait abnormalities such as lateral overloading or 
if the  running athlete is a heel striker. The examination of 
the patient begins by observing the patient from the front, 
side and back with the patient standing (Fig. 4.1). The over-
all general alignment of the limb and approximate leg 
lengths should be noted. With the patient’s back toward the 
examiner, the alignment of the hindfoot is noted (Fig. 4.1c). 
At the same time, one can evaluate for the “too many toes” 
sign, in which more than the fifth toe and half of the fourth 
toe are seen. This sign is may be indicative of a flatfoot 
deformity.

The skin should be inspected for swelling, erythema, or 
ecchymosis which may suggest location of an injury or 
infectious process.

The foot is then inspected from distal to proximal noting 
the shape of the foot, alignment of the midfoot and toes in 
relation to the hindfoot, and any toe deformities (e.g. hallux 

A.J. Lampley, MD • C.E. Gross, MD 
M. Klement, MD • M.E. Easley, MD (*) 
Department of Orthopaedic Surgery, Duke University Medical 
Center, 4709 Creekstone Drive, Durham, NC 27703, USA
e-mail: alexander.lampley@dm.duke.edu; cgross144@gmail.com; 
mitchell.klement@dm.duke.edu; mark.e.easley@dm.duke.edu

4

mailto:alexander.lampley@dm.duke.edu
mailto:cgross144@gmail.com
mailto:mitchell.klement@dm.duke.edu
mailto:mitchell.klement@dm.duke.edu
mailto:mark.e.easley@dm.duke.edu


40

a
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b

Fig. 4.1 The examination of the patient begins by observing the patient from the front (a), side (b) and back (c) with the patient standing
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valgus, claw toe, mallet toe, or hammer toe deformity). 
Attention should be paid to the medial arch to evaluate for 
pes planus or pes cavus. A subtle cavovarus foot may predis-
pose running athletes to injury.

 Gait Observation

Much of the gait examination can take place as the patient 
is walking toward the waiting area to the examination 
room. The patient’s gait pattern is observed with the 
patient walking away and towards the examiner. It is 
important to observe the patient walking down the hall, 
since examination rooms are rarely large enough to 
accommodate a full gait cycle. An antalgic gait is seen in 
any condition that causes pain in the lower extremity 
causing the stance phase to be shorter in the painful limb. 
This type of gait may be present with an acute injury or 
stress fracture. A foot slap or steppage gait is seen in 
patients with weak ankle dorsiflexors and involves pro-
nounced hip and knee flexion to clear the affected foot and 
toes. Special gait tests include:

• heel walking: testing ankle dorsiflexor strength, particu-
larly the tibialis anterior,

• toe walking: testing ankle plantar flexor strength, particu-
larly the gastrocnemius-soleus complex

• lateral foot walking: testing inversion strength, particu-
larly the tibialis posterior

• medial foot walking: testing eversion strength, particu-
larly the peroneal longus and brevis

 Range of Motion

The range of motion (ROM) assessment should include both 
passive and active ROM examination. Range of motion 
should always be compared to the contralateral limb to eval-
uate any deficits and differences.

 Ankle ROM

Plantar flexion, dorsiflexion, inversion and eversion are the 
four main motions that occur at the ankle. The examiner 
must be sure to stabilize the midfoot when testing ankle 
ROM as motion through these distal joints can falsify the 
true ankle ROM. A goniometer is useful is both the novice 
and skilled examiner.

Normal passive ROM for ankle dorsiflexion is 10–15°, 
ankle plantar flexion is 50–70°, inversion is 30–40°, and 
eversion is 10–15°.

 Subtalar ROM

Subtalar motion is measured in eversion and inversion of the 
hindfoot in respect to the leg. A line is drawn that bisects the 
posterior heel and that bisects the leg. Subtalar ROM is then 
found by measuring the angle between the heel and lower leg 
with maximal eversion and inversion of the hindfoot.

 First Metatarsal-Phalangeal Joint ROM

The first metatarsal-phalangeal joint (MTPJ) normally 
extends 60–70° and flexes 40–50°. Hallux limitus presents 
with loss of motion at the MTPJ while hallux rigidus pres-
ents with a greater loss of motion and pain with MTPJ 
ROM.

 Palpation

Because the foot and ankle have minimal overlying soft tis-
sue, the examiner usually is able to palpate specific bones, 
ligaments and tendons fairly accurately. Palpating areas of 
tenderness can help localize injury to specific areas or struc-
tures. Patients with medial tibial stress syndrome (pain 
related to traction on the periosteum by the posterior tibialis 
or flexor digitorum longus) will have posteromedial tibial 
pain. Tibial stress fractures will have pain with palpation of 
the tibia.

 Neurovascular Exam

A complete foot and ankle exam should include test of 
intact motor and sensory function as well as vascular sta-
tus of the extremity. The motor branch of the superficial 
peroneal nerve is tested with eversion and inversion of the 
foot (peroneal muscles) (Fig. 4.2). The deep peroneal 
nerve is tested with dorsiflexion of the ankle (tibalis ante-
rior), and the tibial nerve is tested with plantar flexion of 
the ankle (gastrocnemius- soleus complex) and inversion 
(tibilias posterior) (Fig. 4.3). Sensation of the medial and 
lateral plantar nerves, saphenous nerve, sural nerve, super-
ficial peroneal nerve, and deep peroneal nerve must be 
tested as well. Specific deficiencies may be indicative of 
compression neuropathy. In the fourth toe flexion sign, 
when the fourth toe is passively plantarflexed, the skin 
overlying the superficial peroneal nerve is tented. A 
through vascular examination should include palpation of 
dorsalis pedis and posterior tibial pulses with observation 
of any signs of venostasis or vasculopathy. Capillary refill 
should be noted as well.

4 Clinical Examination
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 Specialized Tests of the Ankle

 Ankle Instability

The anterior drawer test evaluates the integrity of the anterior 
talofibular ligament (ATFL). The test is performed with the 
knee flexed ~20°, the hindfoot in neutral, and the ankle in 
neutral dorsiflexion (Fig. 4.4). The examiner stabilizes the 
leg with one hand and pulls the heel forward with the oppo-
site hand. Laxity with respect to the contralateral limb sug-
gests ATFL injury. If the ankle is tested in plantarflexion, the 
CFL is tested (Fig. 4.5).

The talar tilt test evaluates the calcaneofibular ligament 
(CFL) and ATFL integrity. The test is performed by stabiliz-
ing the leg and applying a varus force to the ankle via the 
heel. An angulation of greater than 23° or more than 10° 
difference between the injured ankle and contralateral ankle 
suggests complete rupture of both the CFL and ATFL [1].

The squeeze test (Fig. 4.6) and external rotation test are 
useful in evaluating the syndesmosis, particularly the ante-
rior and posterior inferior tibiofibular ligaments. The squeeze 
test is performed by compressing the tibia and fibula together 
in the midshaft area. The external rotation test (Fig. 4.7) is 
done by applying an external rotation force on the ankle with 

the ankle maximally dorsiflexed. Pain with either exam sug-
gests a high ankle sprain.

 Ankle Impingement

Anterior ankle impingement symptoms can be reproduced 
by quick, forceful max dorsiflexion of the ankle. Reproduction 
of the patient’s anterior joint line pain is a positive test 
(Fig. 4.8). Posterior impingement symptoms of posterior 
joint line pain may be reproduced with quick, forceful plan-
tar flexion of the ankle (Fig. 4.9).

 Achilles Tendon Rupture

An Achilles tendon rupture can be diagnosed with the 
Thompson test (Fig. 4.10). With the patient lying prone with 
the knee flexed to 90°, the examiner squeezes the calf to 
induce passivce plantar flexion of the foot. If the Achilles 
tendon is completely ruptured, the foot will not plantar flex. 
The patient will also present with significant swelling and 
ecchymosis over the Achilles tendon, a palpable defect 

Fig. 4.3 Evaluation of the inversion strength of the posterior tibialis 
tendon

Fig. 4.2 Evaluation of the eversion strength of the peroneal tendons

A.J. Lampley et al.
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approximately 3 cm proximal to the Achilles tendon inser-
tion and inability to toe walk. Matles test also aims to diag-
nose a complete rupture of the Achilles tendon by comparing 
the resting position of the affected foot to the contralateral 
foot. This test is performed with patient lying prone and 
the knee flexed to 90° with both the foot and ankle relaxed. 
The uninjured foot should rest in slight plantar flexion, 
while the injured foot with an Achilles tendon rupture will 
rest in more dorsiflexion (Fig. 4.11).

 Achilles Tendinopathy

Achilles tendonitis can be separated into non insertional and 
insertional tendinitis. Non insertional tendinitis will present 
with tenderness to palpation along the Achilles tendon sub-
stance, roughly 2–3 cm proximal to its insertion site 
(Fig. 4.12). A defect in the tendon will not be felt, and 
Thompson test will be negative. Insertional Achilles tendon-
itis, on the other hand, presents with tenderness at the inser-
tion of the tendon onto the calcaneus (Fig. 4.13). A 
prominence at the superior lateral posterior aspect of the cal-
caneus is called Haglund’s deformity.

 Achilles Tendon Contracture Verses 
Gastrocnemius Contracture

The Silverskiold test is used to differentiate between a tight 
gastrocnemius and a tight Achilles tendon. The test is per-
formed by comparing dorsiflexion of the ankle with the 
patient’s knee extended to dorsiflexion of the ankle with the 
patient’s knee flexed to 90°. Because the gastrocnemius 
crosses the knee and ankle joint, the muscle can be effec-
tively lengthened with knee flexion. Therefore, an increase in 
ankle dorsiflexion with the knee flexed localizes the contrac-
ture to the gastrocnemius. No change in ankle dorsiflexion in 
the extended and flexed knee localizes the contracture to the 
Achilles tendon.

 Peroneal Tendonitis and Subluxation

Peroneal tendonitis is a common cause of lateral ankle pain. 
The peroneus brevis is palpable at the posterior border of the 
lateral malleolus to its insertion at the base of the fifth meta-
tarsal. Resisted eversion and plantar flexion of the foot can 

a b

Fig. 4.4 The anterior drawer test evaluates the integrity of the anterior talofibular ligament. The test is performed with the hindfoot in neutral, and 
the ankle in neutral dorsiflexion. (a) Anterior view. (b) Side view.
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be performed to test the strength of the peroneal tendons and 
also make them more visible on exam.

The examiner may be able to diagnosis a subluxing pero-
neal tendon by palpating the tendon at the posterior lateral 
malleolus and having the patient rotate the ankle clockwise 
and counterclockwise (Fig. 4.14). Resisted dorsiflexion and 
eversion may also reproduce the subluxation of the peroneal 
tendons [1].

Fig. 4.6 The squeeze test

Fig. 4.7 The external rotation test

Fig. 4.8 Forced dorsiflexion of the ankle to examine for anterior 
osteophytes

Fig. 4.5 Performing the anterior drawer test in plantarflexion will test 
the strength of the calcaneofibular ligament

A.J. Lampley et al.
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 Specialized Tests of the Foot

 Stress Fractures

Common locations stress fractures from overuse are the dis-
tal second and third metatarsal, the proximal fifth metatarsal 
and calcaneus. Pain over these areas or pain with compres-
sion of the calcaneus may suggest overuse stress fracture of 

Fig. 4.9 Forced plantarflexion to test for impingement

Fig. 4.10 Thompson test

Fig. 4.11 Matles Test

Fig. 4.12 Tenderness 3–5 cm proximal to insertion site of Achilles 
may be indicate of tendinopathy

4 Clinical Examination
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Fig. 4.13 Pain at the insertion of the Achilles

Fig. 4.14 Eversion of the peroneals may cause subluxation

Fig. 4.15 Tenderness at the N-spot is indicative of a navicular stress 
fracture

Fig. 4.16 Single limb heel rise

A.J. Lampley et al.
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these bones in the setting of normal radiographs. Likewise, 
navicular stress fractures often present with tenderness to 
palpation and pain localized at the dorsum of the navicular 
bone, the appropriately named ‘N spot’ [2] (Fig. 4.15).

 Morton’s Neuroma

A Morton’s neuroma is most often found between the third 
and fourth metatarsal head. A squeeze test is performed by 
compressing the first and fifth metatarsal heads together. 
Pain with this maneuver is a positive test. A palpable click 
felt by the examiner is called a Mulder’s click.

 Posterior Tibialis Tendon Dysfunction

Posterior tibialis tendon dysfunction is a common cause of 
acquired flatfoot which presents with loss of the medial arch 
(pes planus), hindfoot valgus, and forefoot abduction. Forefoot 
abduction results in the “too many toes” sign. The “too many 
toes” sign is positive when the examiner observes the patient 
from behind and the more toes are seen lateral to the tibia on 
the affected foot when compared to the contralateral foot. The 

posterior tibial edema sign is described as objective evidence 
of posterior tibialis tendon dysfunction when there is pitting 
edema along the course of the posterior tibialis tendon poste-
rior to the medial malleolus [3]. A single limb heel raise is a 
crucial test in evaluating the posterior tibialis tendon 
(Fig. 4.16). The patient is asked to stand on the toes of the 
affected limb. The patient may use the wall for balance. In 
patients that can perform a single leg heel raise, the posterior 
tibialis tendon is likely intact while inability to perform a sin-
gle leg heel raise suggests posterior tibialis tendon pathology.

 Tarsal Tunnel Syndrome

Physical examination of the tarsal tunnel include percussion 
testing, triple compression stress test, and dorsiflexion- 
eversion test. Percussion testing is performed by percussing 
over the tarsal tunnel. The triple compression stress test is 
performed by placing the ankle in full plantar flexion and the 
foot in inversion with constant digital pressure applied over 
the posterior tibial nerve at the tarsal tunnel. Dorsiflexion 
and eversion of the foot is also described as a maneuver to 
increase pressure on the posterior tibial nerve in the tarsal 
tunnel. Aggravation of paresthesias or pain with any of these 
maneuvers is considered a positive test.

 Turf Toe/Plantar Plate Injury

Turf toe presents with plantar swelling and ecchymosis of 
the injured toe. The plantar plate can evaluated with the 
Lachman test of the MTPJ. This is performed by holding the 
base of the proximal phalanx with one hand while supporting 
the corresponding metatarsal neck with the other hand 
(Fig. 4.17). Dorsal pressure is applied to the proximal pha-
lanx in an attempt to sublux the joint dorsally. The test is 
positive if there is greater laxity of the MTPJ when compared 
to the contralateral side.

 Evidence

Multiple studies have demonstrated the sensitivity and speci-
ficity of certain specialized foot and ankle tests. When evalu-
ating lateral ankle sprains, the anterior drawer test was found 
to have sensitivity of 58 % and specificity of 100 %, and the 
talar tilt stress test had a sensitivity of 58 % and specificity of 
88 % [4].

For the evaluation of high ankle sprain or syndesmotic 
ankle injury, the external rotation test was reported to have a 
sensitivity of 20 % and specificity of 85–99 % [5, 6]. The 
syndesmosis squeeze test was found to have a sensitivity of 
30 % and specificity of 94 % [6].

Fig. 4.17 Lachman test of the 1st MTP joint
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The Thompson test was reported to have a sensitivity 
and specificity of 96 % and 93 % respectively in diagnosing 
Achilles tendon rupture [7]. A palpable gap in the Achilles 
tendon was reported as having a 73 % sensitivity and 89 % 
specificity [7]. The Matles test was found to have a 
 sensitivity and specificity of 96 % and 93 % respectively 
[7]. In addition, the American Academy of Orthopaedic 
Surgeons clinical practice guidelines recommend that the 
diagnosis of acute Achilles tendon rupture can be made 
with two or more of the following physical exam findings: 
positive Thompson test, palpable defect in the Achilles ten-
don, decreased plantar flexion strength and increased pas-
sive ankle dorsiflexion [8].

For the diagnosis of anterior ankle impingement, the 
forced dorsiflexion test was found to have a sensitivity and 
specificity of 95 % and 88 % respectively [9].

The posterior tibial edema sign for posterior tibial tendon 
dysfunction was found to have a sensitivity of 86 % and a 
specificity of 100 % [3].

Three studies [10, 11] addressed the sensitivity and speci-
ficity of the percussion test, triple compression stress test and 
dorsiflexion-eversion test for the diagnosis of tarsal tunnel 
syndrome. The percussion test was found to have a sensitiv-
ity of 58 % while specificity was not calculated. The triple 
compression stress test demonstrated a sensitivity of 86 % 
and specificity of 100 %. The dorsiflexion-eversion test 
yielded a sensitivity of 25–98 % and a specificity of 100 %. 
Overall, the majority of special tests in the foot and ankle 
examination provide valuable information to aid in proper 
diagnosis of the patient’s pathology.

 Summary

• A good appreciation and understanding of the biome-
chanics and anatomy of the foot and ankle along with a 
careful examination of the foot and ankle is critical in aid-
ing in the diagnosis of foot and ankle injuries.

• An understanding of the potential injuries and  pathologies 
that can affect the foot and ankle is needed to put the 
examination into proper context.

• A foot and ankle examination should include evaluation 
of the patient’s gait.

• Specialized tests or palpation that reproduces the patient’s 
symptoms is critical to making a correct diagnosis.

• Specialized tests demonstrate good specificity which 
makes them helpful tools in confirming a diagnosis.
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Sports Medicine of the Foot & Ankle, 
the Role of Imaging

John Wesley Latting and Charles E. Spritzer

Abstract

As is true for orthopedics in general, the assessment of a sports related injuries of the foot 
and ankle begins with a good history and physical. While many maladies are readily diag-
nosed, often a differential remains. In these instances, imaging assessment is often useful. 
Additionally, as our understanding of injury to the foot and ankle evolves, a more nuanced 
approach to treatment has developed. Imaging is often required to optimize treatment. This 
brief chapter is intended to provide an overview to imaging sports related pedal injuries. 
This chapter is not a comprehensive review. Whole books intended to provide such infor-
mation have been written. Rather, this manuscript is intended to provide information to 
guide the reader in deciding when and with what imaging modality to assess a patient fur-
ther. By necessity and design, this manuscript is based much upon the author’s opinions and 
experience. It is understood that different imaging approaches to a clinical problem are 
possible, depending upon the experience of the imager and which imaging modalities are 
readily available.
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 Introduction & Techniques

With society attempting to adopt a more healthy lifestyle, 
there is an increasing participation by the population at large 
in recreational sports and exercise with many individuals 
competitively competing in sports activities. Unfortunately, 
such activities are associated with injury. While a good clini-
cal history and physical examination are the mainstays of 

diagnosing injuries of the foot and ankle, imaging has 
assumed a critical role in confirming clinical impressions 
and potentially optimizing patient care [1].

Even with the advent of cross sectional imaging, conven-
tional radiographs are the first imaging modality to be uti-
lized in most clinical scenarios. Besides their low cost and 
ready availability, they often are sufficient to make the diag-
nosis (e.g. fracture) or provide supplemental information to 
more advanced (and expensive) imaging techniques. Small 
avulsions, air, and calcifications are better appreciated on 
radiographs than on MR images.

CT continues to improve in both its speed of acquisition 
and spatial resolution. Weight bearing CT scanners are 
becoming available. Subtle fractures missed on radiographs 
are more readily identified. Small avulsions such as seen 
with Lis Franc injuries may be readily diagnosed. Optimal 
assessment requires high resolution acquisitions often with 
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orthogonal image reconstruction. Both bone and soft tissue 
algorithms are required for maximum diagnostic capability. 
Dual Energy CT will reduce metal artifacts and likely 
improve marrow sensitivity.

MR imaging has become tremendously important in 
assessing sports related injuries in the foot and ankle. 
Capsular, ligament, and tendon injuries are readily appreci-
ated. Subtle but important osseous abnormalities, such as 
contusions, imperceptible on radiographs and CT are readily 
diagnosed. The presence of chondral abnormalities are rou-
tinely determined. While there are multiple approaches to 
acquiring optimal MR studies, it is our opinion that optimal 
imaging requires two if not three orthogonal planes of high 
resolution images. We routinely acquire T1 weighted nonfat 
suppressed images and either T2 weighted fat suppressed 
fast spin echo images or fast inversion recovery (STIR) 
images in multiple planes. For the major tendons about the 
ankle we routinely acquire fat suppressed proton density 
weighted fast spin echo images orthogonal to the course of 
the posterior tibialis tendon.

Ultrasound (US) imaging continues to assume a more 
important role in assessing injury of the foot. This is espe-
cially true for tendon examination. It has the advantage of 
low cost and lack of ionizing radiation. Dynamic assessment 
for tendon and ligament stability offer information only indi-
rectly obtainable by MRI. The introduction of high frequency 
transducers provides resolution at least equivalent to MRI. Its 
principle advantage however is the potential use at the point 
of care. Indeed, many clinicians not formally trained are 
using US as an initial assessment in their offices.

Spect and Spect CT have been demonstrated to provide sig-
nificant information concerning osseous injuries of the foot. 
Indeed, there are studies suggesting increased sensitivity over 
MRI for stress fractures and degenerative causes of pain [2]. 
However, the widespread incorporation of these modalities is 
limited by their cost, availability, and concern of radiation 
exposure. At our site, we believe that the modality is probably 
underutilized, and has been reserved for problem solving, pain 
localization, and used in cases where other imaging modalities 
have failed to elucidate a definitive answer.

 Osseous Abnormalities

 Stress Fractures

Most stress fractures in the foot occur in the metatarsals, 
especially the second & third. However, they can occur in 
most tarsal bones especially the navicular [3]. Stress frac-
tures develop in the setting of recurrent microfracture with 
insufficient interval bone healing. These lesions tend to 
develop in watershed areas of highly stressed bone where 
bony remodeling is unable to keep pace with repetitive 

micro-damage [4]. Within the foot, intrinsic causes such as 
cavus foot and forefoot varus deformities and extrinsic 
causes such as excessive training, improper technique, poor 
equipment, and improper training surfaces predispose to 
fracture [3, 5, 6]. Early diagnosis and treatment can lead to 
better outcomes, especially in athletes.

Radiographs are an easily accessible modality for pri-
mary survey and surveillance of stress fractures. Early radio-
graphic signs can be subtle. In the metatarsals, they begin as 
a subtle linear lucencies, perhaps with faint periosteal reac-
tion that progresses to focal thickening of the cortex. As the 
fracture continues to evolve, linear sclerosis and eventually 
disruption of the cortex are seen. In cancellous bone, such as 
the calcaneus and navicular, stress fractures appear in the 
relative vascular poor mid body of the bones as subtle linear 
sclerosis perpendicular to the trabecular bony lines [4].

There is often a significant delay between onset of symp-
toms and radiographic signs of stress fracture. In the setting 
of negative radiographs where stress fracture is clinically 
favored, radiographs can be repeated after 10–14 days allow-
ing time for bone remodeling and periosteal reaction to 
occur. However, in athletes and highly active individuals, 
early treatment of stress fracture can decrease recovery time 
by weeks making timely diagnosis imperative. In these 
instances, MR is the study of choice. Subtle marrow reactive 
change, edema, infractions and even cortical breaks can be 
seen by MRI weeks before structural abnormalities become 
evident on radiographs [4, 7]. Fat suppressed water sensitive 
sequences with decreased marrow signal are essential, allow-
ing edema to be seen as high signal against a dark back-
ground of normal bone. Edema is a secondary finding that 
can be seen in early stress fracture before a fracture line is 
present. As such, Fredrickson and colleagues proposed a 
four tier grading system to categorize the spectrum of MR 
findings associated with stress fractures [3, 8]: Grade one 
injury demonstrates periosteal edema on T2-weighted fat 
suppressed images. Grade 2 injury shows T2-weighted peri-
osteal and marrow edema, without corresponding T1 abnor-
malities. Grade 3 injury demonstrates findings of bony and 
periosteal edema on both T1 and T2 weighted images. A cor-
tical fracture line is seen in addition to all of these findings in 
Grade 4 injury Fig. 5.1.

Technecium 99 m bone scan is another alternative follow-
ing negative radiographs with a high sensitivity for the diag-
nosis of stress fracture. Scintigraphic evidence of fracture 
can present weeks before radiographic findings [4]. These 
manifest as linear or focal areas of increased radiotracer 
activity at the site of fracture. Despite its high sensitivity 
bone scans have a lower specificity than MR [4].

The mobility and low cost of ultrasound have made it a 
rapidly evolving modality for initial evaluation of musculo-
skeletal injuries and several studies have shown some  success 
in sonographic diagnosis of stress fracture. However, this 
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requires visualization of superficial structural abnormalities, 
such as cortical step off that are often seen later in the evolu-
tion of the stress fracture [4, 5]. As such early abnormalities 
detected with MRI or radionuclide imaging may be missed 
delaying diagnosis.

Although CT is rarely used in the initial diagnosis of 
stress fractures due to its low sensitivity compared with MR 
or radionuclide imaging and its relative high radiation dose, 

it is occasionally employed to more definitely assess a corti-
cal break and the extent of healing [7].

 Sesamoid Pathology

The first MTP joint sesamoids form a true synovial joint with 
the metatarsal head and are biomechanically a continuation 

a b

c

d

Fig. 5.1 19 year old male athlete with worsening fore foot pain. (a) 
Plain film is normal. (b) Sagittal STIR image through the 3rd metatar-
sal shows increased T2 signal within the shaft representing a contusion 
with a linear area of decreased signal representing a stress fracture 
(arrow) involving the dorsal surface. (c) Sagittal T1 weighted image 

showing decreased T1 signal within the marrow. There is cortical 
thickening and a decreased signal linear band of the stress fracture 
dorsally (arrow). (d) Sagittal CT reformation suggesting the stress 
fracture dorsally
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of the plantar plate. They are anchored at the MTP joint by 
the medial and lateral metatarsal-sesamoid and sesamoid- 
phalangeal ligaments [9]. A variety of disease processes 
occur here including fracture, inflammation, infection, and 
arthritis [10]. Theses are not specific to the athlete, but some 
are more commonly found in the acute traumatic setting. The 
first metatarsophalangeal (MTP) joint is much more often 
affected than the lesser MTP joints because the sesamoids at 
this joint are always present and endure the greatest amount 
of stress during running [10].

At the first MTP joint, fracture occurs more commonly at 
the medial sesamoid, which is larger and bears more weight 
than the lateral sesamoid. Radiographs are the initial modal-
ity of choice for foot pain. The sesamoids can be seen on AP, 
oblique, and lateral views of the foot. However, for optimal 
evaluation an axial view of the sesamoids with the first toe in 
a flexed position, as well as a lateral view will provide the 
most information [9, 11]. Fractures can be difficult to diag-
nose on radiographs for several reasons. The sesamoids are 
small and cortical breaks can be hard to visualize. 
Furthermore, they can be multipartite in a variety of combi-
nations making it difficult to distinguish a congenital variant 
from an acute fracture [10]. The presence of jagged edges 
along the contour can help make the diagnosis, especially if 
there are reciprocal contours on the adjacent bone fragment. 
MR can be used when radiographs are equivocal, or in the 
setting of normal radiographic findings when a stress frac-
ture is suspected, and will demonstrate edematous reaction 
within the bone and adjacent soft tissues. CT is excellent for 
evaluating bony details and may be useful to assess the extent 
of fracture or healing. Nuclear scintigraphy bone scan can be 
used to evaluate fractures and stress fractures with much 
greater sensitivity than radiographs. However, it will provide 
little detail regarding the surrounding soft tissues and cannot 
differentiate between fracture, inflammation, and infection 
[9, 11].

Inflammatory conditions can involve the sesamoid bones, 
often in the setting of repetitive stress. Known as sesamoid-
itis, this inflammatory reaction is most common at the first 
MTP sesamoids, which endure the greatest stress. Again, 
MR is the imaging modality of choice and will demonstrate 
T2 hyperintensity throughout the sesamoid. A hypointense 
T1 line within the sesamoid or the presence of a bone frag-
ment is indicative of fracture, and surrounding T2 hyperin-
tense signal will likely extend into the adjacent soft tissues. 
MR may also be helpful to evaluate infection at the hallux 
sesamoids and will likely demonstrate more extensive soft 
tissue involvement as well as extension into the adjacent 
joint space [9, 10].

Osteoarthritis may affect older athletes, but in young ath-
letes post-traumatic degenerative changes and seronegative 
arthropathies are more likely to be seen. Erosions and geodes 
can be seen on radiographs if they become large enough. 

However, CT may be necessary to evaluated fine bony 
destruction in these conditions [9, 11]. MRI is considered the 
study of choice to assess erosive disease and cartilage loss.

 Osteochondral Injuries

Osteochondral lesions of the talus (OLT), also known as 
osteochondral defects or osteochondritis dissecans were first 
described by Kappis in 1922 [12]. The etiology remains 
unclear, but is likely some combination of repetitive micro-
trauma, trauma, and vascular compromise [13]. While OLTs 
may occur anywhere on the talar dome, the posteromedial 
location is most frequent.

Imaging begins with weight-bearing AP, ankle mortise, 
and lateral radiographs. While radionuclide imaging, CT, 
dual energy CT, and Spect CT have all been shown to have 
utility in assessing OLTs, MRI is currently the study of 
choice [2, 13–17]. CT is particularly useful for assessing 
bony detail and subchondral cyst formation and at our site is 
routinely obtained for surgical planning. Preliminary data 
suggests that dual energy CT may assess bone marrow edema 
as well as MRI [17]. For MR assessment of OLTs, both high 
resolution T1 weighted and fat suppressed T2 weighted 
images in the sagittal and coronal planes are required. To 
improve resolution, there is a trend to image at 3 Tesla and 
use volume acquisitions Fig. 5.2.

Prognosis and treatment depends upon the lesion size, its 
stability, and the status of the overlying cartilage [13, 16]. 
Operative treatment of OLTs is based on likelihood of pro-
gression of necrosis and bone detachment. Lesions at low 
risk for progression may heal with conservative manage-
ment, while high risk lesion require aggressive intervention. 
High risk lesions are associated with linear increased T2 sig-
nal at the periphery of the lesion, cystic fluid signal adjacent 
to the lesion, increased T2 signal extending to the articular 
surface, and a focal defect at the articular surface of the 
lesion [18]. A direct relationship exists between the extent to 
which these findings are present and the predictive value of 
progression to detachment. Progressive separation of the 
lesion on serial imaging carries a poor prognosis [19].

 Fracture Healing

As Morshed et al. [20] recently stated, “Although there are 
numerous methods for defining fracture-healing in clinical 
studies, no consensus exists regarding the most valid and 
reliable manner for assessing union or for determining which 
outcomes are most important.” As such, comparing imaging 
modalities in the assessment of fracture healing is problem-
atic at best. Clearly conventional x-rays are the initial study 
for following fractures and are usually sufficient. If x-rays 
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a b
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Fig. 5.2 A female with prior ankle injuries and persistent pain. (a) 
Ankle mortise view showing an OLT in the medial talar dome. (b, c) 
Coronal fat suppressed T2 weighted and T1 weighted images. The OLT 
is readily identified. There is mild depression of the cortical surface and 

disruption of the overlying cartilage. Reactive changes as well as a sub-
chondral cyst are present. (d) Corresponding CT, obtained prior to sur-
gery shows the subchondral cyst to better advantage
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are equivocal, CT is typically employed as overlapping 
structures are not an issue and spatial resolution is improved. 
More importantly, bony bridging and even subtle callus for-
mation are better appreciated.

The presence of hardware is a significant limitation in 
assessing healing. Plates and screws obscure the areas of 
healing when viewed on plain films and cause significant 
artifacts on CT. Photon starvation, beam hardening, and scat-
ter all degrade the CT images. While high energy acquisi-
tions and more appropriate reconstruction techniques have 
improved image quality, studies are often suboptimal [21]. 
More recently, dual energy CT scanning has become readily 
available. As the name suggests, data is obtained using x-ray 
beams of two different energies. Post processing allows dis-
play of information dependent upon specific absorption 
spectra. Preliminary data suggests that these techniques are 
more robust in assessing tissue and bone surrounding hard-
ware [21–23].

The role of MRI in fracture healing is poorly defined and 
little literature exists even defining normal healing [24, 25]. 
At our site, MRI is employed when there are additional 
issues of clinical concern. Examples include: (1) Possible 
AVN of the talar dome with an associated talar neck fracture 
and (2) Assessment of navicular healing following surgical 
repair.

 Painful Bone Marrow Edema

Painful bone marrow edema syndrome (PBMES) of the foot 
and ankle is a diagnosis of exclusion [28] well appreciated 
on MRI. Although changes can be seen with radionuclide 
studies [26], the modality is nonspecific. Osteopenia may be 
detected on x-rays and CT [27–29]. As the name suggests, it 
is a painful condition lasting for months, classically seen in 
the lower extremity without a history of acute or repetitive 
trauma. The diagnosis by MRI requires well fat suppressed 
T2 weighted or STIR images. On these images two or more 
bones in the foot are affected and are characterized by dif-
fuse irregular increased signal intensity on STIR or fat sup-
pressed T2 weighted images. Non fat suppressed T1 images 
show patchy ill defined areas of subtle decreased signal 
intensity Fig. 5.3. According to Orr et al. [30], in descending 
order, the calcaneus, talus, navicular, cuneiforms and cuboid. 
The differential diagnosis is broad including trauma (contu-
sion), neoplasm, neurogenic arthropathy, AVN, infection, 
transient osteoporosis, and complex regional pain syndrome. 
It is the latter three entities which are the most difficult to 
distinguish from PBMES by MRI alone. Indeed, many 
authors believe these to be a spectrum of the same disease 
[27, 28]. Infection should be easily excluded although a mild 
elevation of the sedimentation rate in PBMES has been 

a b

Fig. 5.3 11 year old male with several months of pain, inconclusive 
clinical examination and negative radiographs. (a) Fat suppressed T2 
weighted sagittal image shows patchy areas of increased signal in the 

tibia, talus, calcaneus and cuboid. (b) Corresponding T1 weighted 
image shows subtle patchy areas of decreased signal corresponding to 
the abnormal areas in (a)
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reported. The presence of osteopenia on radiographs sup-
ports the diagnosis of transient osteoporosis. Complex 
regional pain syndrome is typically associated with skin and 
soft tissue changes which may be seen on MRI or are clini-
cally apparent.

 Soft Tissue Abnormalities

 Tendon Tears

For assessment of the tendons of the foot, US and MRI are 
the imaging modalities of choice. The advantages of US 
include its lower cost and its ability to be utilized at the 
point of care [31]. MRI provides a more comprehensive 
examination and better spatial visualization of the pathol-
ogy. Regardless of the modality, the issues for tendon 
assessment are the same. Is the tendon intact and in the cor-
rect location? If it is torn, is it a partial tear or a complete 
tear? If it is intact, is there tendinosis or tenosynovitis? By 
both modalities, complete tears demonstrate tendon disrup-
tion, perhaps with retraction. There will be fluid/hemor-
rhage, scar and/or granulation tissue in the gap depending 
upon the chronicity of the tear. Partial tears by US appear as 
linear (longitudinal split tear) or focal hypoechoic regions 
within the tendon substance [32]. By MRI, these same areas 
of abnormality will be near fluid bright on a STIR or fat sup-
pressed T2 weighted sequence. Loss of tendon size would 
be an additional finding concerning for partial tear. 
Tendinosis is evident by tendon thickening. By US, this will 
be associated as decreased echogenicity and loss of the nor-
mal architecture in the longitudinal plane. With MRI, dif-
fuse or focal areas of increased T2 signal will be present. 
For both MRI and US, the distinction of marked tendinosis 
from partial tearing can be problematic [33, 34]. Fluid and 
thickened synovium are the hallmarks of tenosynovitis by 
both modalities. With US, color flow doppler will demon-
strate increased neovascularity.

Both MRI and US have been shown to be accurate in the 
assessment of peroneal tendon injury [35]. In the athlete, 
peroneal tenosynovitis is commonly associated with repeti-
tive use, ankle injuries, and instability. Tears of the peroneus 
brevis are considered to occur more commonly than pero-
neus longus tears due to its anatomic position. However, both 
tendons can tear, especially in middle aged athletes. While 
chronic instability with associated disruption of the superior 
peroneal retinaculum are well demonstrated by either modal-
ity, US incorporating dynamic imaging is better able to diag-
nose intermittent subluxation or instability [31, 36, 37].

Posterior tibial tendon injury, classically associated with 
overuse in the athlete, may be well assessed by either 
modality, with comparable accuracy [38]. However, injury 
of the spring ligament is best assessed by MRI. The normal 

superior medial spring ligament is similar in signal  intensity 
and thickness to the adjacent PT tendon. As the tendon 
often stretches rather than discretely tears, increased T2 
signal or thinning as well as a focal defect are signs of 
injury [39]. MRI can also assess the sinus tarsi, which in 
one study was abnormal in 72 % of 25 patients with PT 
tears [40] Fig. 5.4.

Achilles tendon injuries are associated with numerous 
sports and are readily assessed by both US and MRI. Although 
acute Achilles tendon rupture is usually readily diagnosed 
clinically, upwards of 25 % may be missed in the emergency 
department due to swelling and some residual plantar flexion 
[41]. Both US and MRI are considered accurate for the diag-
nosis of full thickness tears. While both modalities readily 
diagnose tendinosis and partial thickness tears in chronic 
Achilles tendinopathy, there is the suggestion in the litera-
ture that MRI may be slightly more accurate and in at least 
one study may be more prognostic of clinical outcome [33, 
41–43]. Many favor MRI over US for injuries at the muscu-
lotendinous junction. Both modalities can image the peri-
tenon, Kager’s fat, and the retrocalcaneal bursa for 
inflammation Fig. 5.5.

 Ankle Ligament Injuries

Ankle sprains and injuries rank among the most common 
sports related injuries. Imaging assessment begins with 
weight bearing views to assess for acute fractures, osteo-
chondral lesions, and evidence of prior ligamentous injury. 
In the case of more chronic instability, stress views may be 
obtained. Sensitivity of up to 74 % with 100 % specificity 
have been reported [44].

Accuracies of over 90 % have been reported with both US 
& MRI in assessing the anterior talofibular and calcaneofibu-
lar ligaments [45]. For both modalities, lack of ligament 
identification and ligament discontinuity confirm a tear. 
Injured ligaments show variable ligament thickness and 
hypoechogenicity or altered T1 and T2 signal for US and 
MRI respectively. For tibiofibular ligament injury accuracies 
above 95 % have been reported for MRI [46]. Both US and 
MRI have been used to assess anterolateral gutter impinge-
ment syndrome with some success [47].

 Lisfranc Injuries

Mid foot injuries are the second most common athletic foot 
injury, only second to first MTP joint injuries [48]. 
Classification and treatment are different from the traumatic 
injuries usually associated with motor vehicle accidents. 
Following clinical examination, imaging often plays a sig-
nificant role in assessing the athlete with mid foot injury.
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Nearly 20 % of Lisfranc injures are missed or misdiag-
nosed on initial radiographs [48–50]. Nunley & Vertullo 
[48] report a 50 % miss rate on non-weight bearing radio-
graphs. Accordingly weight bearing AP radiographs with 
the opposite side for comparison and oblique and lateral 
views of the foot are the preferred radiographic series to be 
obtained [50]. Others suggest an AP abduction-pronation 
stress view for further assessment [50]. As it is painful and 

may require an ankle block this is not routinely performed. 
The second metatarsal medial border should align with the 
medial cuneiform on the weight bearing AP while the 4th 
metatarsal border should align with the medial cuboid bor-
der on the oblique image. If there is 2 mm or more greater 
widening between the medial cuneiform and the first meta-
tarsal when compared to the normal contralateral side, 
there is Lisfranc instability. Similarly, there is instability 
when there is tarsal-metatarsal subluxation greater than 
2 mm compared to the normal side. The fleck sign, an avul-
sion of the second metatarsal base or medial cuneiform 
confirms Lisfranc injury [51].

If radiographs are equivocal, radionuclide imaging, CT, 
Spect CT, and MRI have all been suggested as useful for 
further imaging evaluation. Precisely which study or stud-
ies to employ next have not been rigorously evaluated 
against on and another. It has been demonstrated that both 
CT and MRI are superior to radiographs for assessing 
Lisfranc injuries [52]. In the setting of significant trauma, 
it is our preference to obtain CT after plain films. CT has 
been shown to be more accurate than x-rays in this setting. 
In the setting of subtle or sports related injuries, our prefer-
ence is to employ MRI. Lisfranc ligament tears or sprains 
are readily detected with sensitivities as high as 94 % [53]. 

a b

Fig. 5.4 56 year old female with polyarthralgias. (a) Fat suppressed T2 weighted image showing high grade partial tear of the posterior tibialis 
tendon (arrow). (b) Slightly more distal T2 weighted image showing tear of the spring ligament (arrow)

Fig. 5.5 Sagittal US showing marked Achilles tendinopathy and 
thickening with focal areas of partial tearing (Curtesy of Blake 
Boggess, D. O)
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Stress fractures, degeneration, and other ligamentous inju-
ries may be excluded as confounding causes of pain 
Fig. 5.6.

 Plantar Plate & Turf Toe Injuries

Injury to the plantar plate can be divided into injuries affect-
ing the first metatarsal-phalangeal (MTP) joint and those 
affecting the lesser MTP joints. MR is the preferred imaging 

modality for evaluating these ligamentous injuries. However, 
associated bony findings on radiographs can be seen in the 
setting of chronic injury.

The plantar plate is a fibrous band of tissue that inserts on 
the proximal phalanx and bridges the plantar aspect of the 
MTP joints, resisting dorsal translocation of the proximal 
phalanx. At the first toe, its distal aspect is continuous with 
the sesamoids, which provide leverage to the flexor hallucis 
brevis during plantar flexion of the toe. The medial and lat-
eral sesamoids are embedded in the respective heads of the 

a

b
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c

Fig. 5.6 Dorsiflexion injury of the left foot. (a) Weight bearing radio-
graphs show a fleck sign consistent with Lisfranc ligament injury. (b) 
Axial CT showing fleck sign. (c) Axial CT demonstrating second meta-

tarsal base fracture not seen on radiographs (arrow). (d) Axial fat sup-
pressed T2 weighted image showing disruption of the Lisfranc ligament 
(arrow)
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flexor hallucis brevis tendon, which straddle the flexor 
 hallucis longus as they converge on the plantar plate.

Turf toe, which technically involves an acute plantar plate 
injury, is most often used to describe any acute traumatic 
injury to the plantar plate complex. Injury to the plantar plate 
is the result of dorsiflexion at the first MTP, most often in the 
setting of axial loading, causing a spectrum from sprain to 
rupture of the plate that is often complicated by synovial 
injury to the adjacent MTP joint [54, 55]. Initial imaging 
begins with radiographs, which may demonstrate proximal 
migration of one or both of the sesamoids in more severe 
tears. Comparison to prior radiographs or to the contralateral 
side can be helpful as migration of greater than 3 mm is asso-
ciated with large tears of the plantar plate [55, 56].

At the first MTP joint, the plantar plate commonly tears at 
its medial aspect and mild hallux valgus can sometimes be 
seen on radiographs. The joint is stabilized laterally by the 
phalangeal collateral ligaments, which are less commonly 
ruptured. In the case of more severe tears, disruption of the 
plantar plate may allow for dorsal subluxation of the proxi-
mal phalanx. In chronic injuries that are not repaired hetero-
topic bony formation in the plantar plate and osteophyte 
formation from repeated subluxation may be seen at the 
metacarpal heads [9].

Radiographs often appear normal in the acute setting, 
even if the injury is severe and MR should be performed 
when injury to the plantar plate is suspected. MR imaging of 
the plantar plate requires high resolution imaging with slice 
thickness no greater than 3 mm. with T1 weighted, proton 
density (PD) weighted, and fat suppressed fluid sensitive 
sequences (T2 weighted or short tau inversion recovery 
(STIR)) images. Sagittal images are most important. Long 
axis and short axis images provide supplemental 
information.

Normally, MR demonstrates the plantar plate as a low sig-
nal band, approximately 2.0 cm long, with a slight plantar 
concavity bridging the MTP joint. Fluid signal can be seen 
within the adjacent MTP joint space, but should not cross the 
plantar plate unless its integrity is compromised. In hyperex-
tension injuries, the plantar plate is stretched and thins. Areas 
of thickening may also be seen at sites of injury. Indistinctness 
or intermediate T2 signal within the plantar plate and liga-
ments can be a sign of sprain or partial tear [9].

With complete tears, fluid signal will traverse the plantar 
plate Fig. 5.7. Several grading systems have been proposed 
to characterize plantar plate injuries. In one form or another, 
they range from low-grade minor sprains to complete tears 
with dislocation of the joint. However, the grading systems 
rely heavily on clinical exam findings as MR has not been 
shown to reliably differentiate rupture from high grade par-
tial tears [9].

Injury to the plantar plate of the lesser MTP joints is a 
chronic injury caused by repetitive trauma. Lesser plantar 

plate injuries most commonly occur at the second MTP joint, 
followed much less commonly by the third MTP plantar 
plate [57]. In contrast to first MTP injuries, tears at the lesser 
plantar plates occur most often at the lateral aspect of the 
proximal phalanx attachment. Radiographic findings of 
medial subluxation may be seen on radiographs. As the tear 
progresses, the second phalanx may sublux superiorly cross-
ing over the first phalanx. Osteophytes can form at the meta-
tarsal heads due to repeated subluxation. Hammer toe and 
claw toe deformities are also commonly seen on radiographs 
in later stages of injury [57].

Two studies suggest that US is more sensitive than MRI in 
detecting lesser plantar plate injuries, but is significantly less 
specific [58, 59]. The authors continue to utilize MRI 
 following radiographs for lesser plantar plate assessment.  
As in first MTP plantar plate injuries, disruption of the 
 plantar plate is best evaluated by fat suppressed T2 weighted 
or STIR MR images. Indistinctness or intermediate signal 
suggest sprain and rupture manifests with fluid signal 
 traversing the low signal band of the plantar plate.

 Plantar Fascia

Plantar fasciitis is a common cause of heel pain. Injuries to 
the plantar fascia range from inflammation to rupture and 
are more common in athletes and active individuals. Plantar 
fasciitis is commonly associated with repetitive stress from 
extended activity or long distance running. Osteophytes or 
soft tissue calcifications may be seen near the calcaneal 
attachment on radiographs and radiographs may be helpful 
to evaluate for other etiologies such as infection or fracture. 
Both radionuclide imaging and US are used for evaluation 
of the plantar fascia, with one study reporting equal effi-
cacy [60]. However, MR provides the greatest details in 
assessing partial tear and fascial rupture. Increased radio-
tracer uptake at the calcaneus can be detected suggesting 
the diagnosis [21]. Unfortunately, increased radiotracer 
activity is not specific to fasciitis. When US has been 
directly compared with MR, US has been shown to be less 
sensitive and specific [61].

The plantar fascia may be imaged in all three planes, but 
is best seen on sagittal and short axis images. When nor-
mal, it is seen on MR as a continuous low signal band 
coursing from the inferior aspect of the calcaneus and 
dividing into medial, middle, and lateral bands before 
spreading out into the soft tissues of the anterior plantar 
foot [62]. Increased T2 signal in or around the plantar fas-
cia and thickening of the fascia are signs of injury/inflam-
mation. Incomplete interruption of the normal low signal 
on T1 and T2 images indicates a partial tear, and traverses 
the fascia in complete tears.
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 Conclusion

As our understanding and treatment of sports related inju-
ries continues to evolve, imaging has improved and diver-
sified as well. Depending upon the issue as hand, there are 
one or more imaging methods to supplement the history 
and clinical examination.
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Biomechanical Functional Imaging

Thomas Jöllenbeck and Juliane Pietschmann

Abstract

Modern biomechanical motion analyses visualize sequence of (athletic) movements in their 
dynamics and complexity. As biomechanical functional imaging they expand the common 
spectrum of static orthopaedic diagnosis by the dynamical component. Detection of reasons 
and mechanisms of limitations of movement and injuries demands a problem-oriented ana-
lytic approach with regard to basic classes of movements as well as to sports-specific pro-
files of strains and sports-specific demand profiles. The instrumental gait and run analysis 
as standard method includes three different supplementary analytical ways of access where 
kinematics describes the temporal progress of a movement in space, kinetics deals with the 
effect of strength and moments and electromyography describes time, duration and inten-
sity of muscular activity. Resulting intervention measures primarily should be oriented to 
individual normality of movement and asymmetries rather than in accordance with a nor-
mative exercise.

Keywords
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 Introduction

Athletes usually have individual problems in different phases 
of their sequence of movements regardless of type of sport or 
performance category. Modern biomechanical analysis of 
movements in (sports-) medicine, (sports-) orthopedics and 
(sports-) traumatology are at present not widely spread but 
they have range of service and the capability to visualize 
sequence of movements in their dynamics and complexity 
this means in temporal and spatial process. Analyses of 
movement enhance static diagnostics, i.e. in state of rest 
which is usual for diagnostics in orthopedics and traumatol-
ogy (clinical screening, taking X-ray, CT, NMRI), by 

dynamic component. Analyses of movements can help to 
detect reasons and mechanisms of limitations of movements, 
help sports injury recovery and the optimizing of movements 
prevention and rehabilitation or to estimate the biomechani-
cal performance or performance of sports before revival 
acquisition to increase a sporty activity [1].

Standard methods of analysis of movements are biome-
chanical gait, running and treadmill analysis. Walking and 
running are ordinary form of locomotion of human. In a 
complex interaction of musculoskeletal system according to 
the principles of economy and efficiency the necessary forces 
are produced in lower extremities for propulsion and in upper 
extremities for retention of balance. The force transmission 
takes place in foot as the distal phalanx of kinematic string 
both inactive in the moment of heel strike and active at the 
moment of the footprint. Walking and running are the foun-
dations of skills or other derived or modified shapes of move-
ments are the foundation of movement and performance for 
a wide range of sports.
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 Problem-Oriented Analysis of Movement

Analyses of movement indicate a problem-oriented reflec-
tion and they have to analyze the individual biomechanical 
influencing factors of the active and passive musculoskeletal 
system. Qualifications are knowledge and consideration of 
essential biomechanical classes of movement, sports specific 
profiles of strains, sports specific profiles of demand, depen-
dent sports and sub-discipline resp. playing position in dif-
ferent participation and severity.

Basic classes of movements can roughly be defined as

• Movements in natural, phylogenetic physiological scope, 
movements in direction of motion (running, cross- country 
skiing classic) and movements especially of arms inside 
field of view (boxing, weightlifting) and

• Movements with elements outside of that means move-
ments lateral of direction of motion (cross-country skiing 
diagonal, gymnastics) and movements outside of field of 
view (swimming, tennis) in terminal joint angle positions 
and physiological border area

Even by slight external forces the latter may lead to a con-
siderably higher strain of all participating structures to incon-
venient protection and conduction of the device of muscle, 
band and tendons at the same time. These include a higher 
risk of injuries and impingement syndrome.

Sports-specific profiles of strains:

• Static strains (sailing, shooting)
• Cyclic repetitive strains (running, swimming)
• Maximum strains (weightlifting)
• Strains in moments of jump or drop, explosive (athletics 

jumps and throw disciplines, ball sports)
• Strains in moments of impact (gymnastics, ball sports)
• Contraction on impact (tennis, football/soccer)
• Movements of rotation (ball sports, ballet)

and also the analysis has to consider outside parameters 
(interaction, subsoil, shoes, sports equipment).

Sports-specific demand profiles can roughly be divided into:

• maximum terminal velocity (jump, throw, hit/strike)
• minimal duration (punch, hit of fencing)
• maximum effectiveness of minimal start-finish-time (run-

ning disciplines, bicycle racing, swimming)
• optimal energy input and energy conversion (gymnastics)
• optimal posture during and at the end of a flight phase 

(somersaults, backflips, twists, high jump, long jump)

The results of a problem-oriented analysis of movement 
can provide very detailed information about the kinetic 
behaviour of an athlete. To use this purposefully and 

problem- oriented a great amount of responsibility on the ath-
lete’s side is necessary especially to prevent overstrain and 
inappropriate physical strain, especially during rehabilitation 
after an injury as well as for the prevention of further inju-
ries. Concerning up-and-coming young athletes a diagnosis 
of strain and stress that is given when a problem of move-
ment turns up early should be replenished by the honest pre-
diction of the youth’s skill of sport, of his/her ability of sport 
at the moment and eventually after the transition from juve-
nile sport to high-performance sport.

To sum up, the knowledge concerning movement and the 
disclosure and treatment of the main deficits of movement 
are the prerequisite and key components of a successful and 
sustainable diagnosis and therapy. The optimal diagnosis and 
therapy integrates medical, biomechanical, movement- 
analytical as well as therapeutic aspects.

 Gait-, Run- and Treadmill Analysis

As standardized method of modern movement analysis gait 
and run analysis as well as treadmill analysis conduce to the 
systematic recording of the human gait and running and the 
parameters. The accompanying procedure and standard val-
ues and pathologies of the gait to assess the results are essen-
tially based on the papers of Perry [2], Whittle [3], and 
Winter [4]. A uniform standard of analysis has not been 
reached until today. There is a distinction between observa-
tional gait analysis and instrumental gait analysis [2].

The simplest and established form as part of orthopedic 
and therapeutic appraisal and diagnosis is the observa-
tional gait- and treadmill analysis. The assessment of the 
course of movement by sheer observation does not need 
any instruments and the assessment is immediately avail-
able. For this one can use systematic observation forms 
and schemes of analysis [2, 5]. However, the value of such 
an analysis is subjective and limited. The subjective assess-
ment of the results often leads to a low accordance of dif-
ferent observers [6].

The instrumental gait analysis essentially includes three 
different supplementary analytical ways of access [4]. 
Kinematics describes the temporal progress of a movement 
in space including associated variables such as distance, 
time, angle or speed. Kinetics deals with the causes of motion 
i.e. the effect of strength and moments in magnitude and 
direction. Electromyography (EMG) describes time, dura-
tion and intensity of muscular activity. As an objective 
method, the instrumental analysis of movements provides 
reliable and valid information.

As a special form of gait and running analysis the tread-
mill analysis expands the spectrum of analysis of walking 
and running on the treadmill by variable speed and inclina-
tion of the treadmill. The advantages of a treadmill consist of 
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the standardization of guidelines, modest local and time 
requirements including a multitude of analyzable step cycles 
in controlled environmental conditions and an individually 
selected constant velocity. For acclimatization a period of 
3–5 min is necessary. However, irregularities while walking 
or running must be compensated at each step on the treadmill 
by the test person. Previously, the integration of a treadmill 
in clinical settings was seen critically especially with regard 
to the kinematic [7] and kinetic parameters [8] as being not 
directly comparable to gait analysis in the plane [6]. Despite 
the ongoing discussion of the conception recent studies are 
of the opinion that the use of a treadmill is acceptable due to 
the insignificantly small differences in diagnosis and training 
[9, 10] Fig. 6.1.

Regardless of the selected method it is always advisable 
to use one, better multiple synchronized video cameras if 
possible in the dorsal and/or lateral arrangement in order to 

put the partially abstract results of way or force-time-curves 
in relation to the motion image.

The identification of the sequence of partial movements 
and particularly the question at which part of the body an 
unusual abnormality begins and the reason why needs spe-
cial attention. The kinematic chain in its construction and 
coupling as well as the number of degrees of freedom admits 
ascending as well as descending directions of effects.

 Kinematic Motion Analysis

The basic method of kinematic analysis is image-based 
recording of a motion by video camera and the correspond-
ing computer assisted analysis [11].

The question will determine the number, location and size 
of the cut of the video cameras. During fast movements it can 

Fig. 6.1 “Gait analysis – treadmill analysis”. Left: gait analysis on a gangway with 2 force measuring plates (Kistler). Right: treadmill analysis 
with force sensors underneath the treading surface (Zebris FDM-T)
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be helpful for further details of movement to use digital 
video cameras that allow for higher frame rates than 50 Hz 
(100 Hz or more). For the calculation of kinematic parame-
ters the test persons should previously be provided with 
markers. The 2D motion analysis can be realized quickly and 
with relatively little effort.

The complex way of a kinematic analysis is the 3D motion 
analysis. Modern infra-red cameras, ultrasonic sensors or 
inertial sensors can record the movements of body parts in 
space and time (Fig. 6.2). The use of special markers or sen-
sors is a requirement as well as a careful calibration and 
often the use of appropriate body models targeted at the 
question. The presentation is mostly abstract in the form of 
distance- or angle-time-curves mostly in sagittal, frontal and 
transversal perspective, additionally to any inclined planes. 
Overall 3D motion analyses are still time-consuming, costly 
and require specially trained personnel.

For motion analysis, the thing to do is the consideration 
in the main planes of motion, i.e. in the frontal, sagittal and 
transverse planes. Regardless of the perspective, special 
consideration is required for differences in the side com-
parison that indicate possible unilateral deficits or improper 
strains.

 Important Analysis Parameters

In frontal perspective the foot strike and footprint behavior is 
particularly of interest. The exact consideration of the initial 
ground contact and lowering movement of the foot is useful 
to detect an abnormal movement of pronation or supination 
(Fig. 6.3). Of particular importance is the direct comparison 
with the rolling motion barefoot, which will reveal whether 
the external structures of the shoe, the foot position or 
pathologies of the foot are initially responsible for any wrong 
movement. The effectiveness of a shoe supply can be 
assessed as well. Concerning the footprint the main concern 
is with a conspicuous inward or outward rotation of the foot 
as possible causes of problems in the ball and big toe area. 
The diagnosis should be based on normative specifications, 
but also take into account essential features such as the rate 
of pronation and the motion sequence of the entire chain of 
movements especially of the knee, hip and pelvis in terms of 
cause and effect mechanisms (Fig. 6.3).

While the test person is running, in sagittal perspective 
the typing of back- and metatarsal- or forefoot runner can be 
decided by the kind of rolling behavior. The velocity of plan-
tar flexion after foot strike, in particular in the side compari-
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-26.0 ..130.0 deg
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right knee flexion

-99.0 ..99.0 deg
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right ankle flexion
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Fig. 6.2 “3D motion analysis”. 3D ultrasonic motion analysis (Zebris CMS System) on a treadmill at 12 km/h. Left side: Angle-time-curves of 
hip (above), knee (center) and ankle (bottom), Right side: 3D motion picture, left-hand side (red) and right-hand side (green)

T. Jöllenbeck and J. Pietschmann



67

son, may give indications for muscular or neural deficits 
such as e.g. a drop foot syndrome. The degree of plantar flex-
ion of the great toe in the footprint may indicate the use and 
the proportion of the big toe during the push off motion.

In transversal perspective, which is usually available only 
in the context of a 3D motion analysis, in particular different 
ranges of foot strike and footprint as well as the positioning 
of the pelvis and pelvic rotation deserve special attention. 
Located malpositions can be identified. Especially rotational 
movements, which cannot be seen in the sagittal or frontal 
plane, are visible in the transverse plane and give important 
information as to reasons of movement disorders and malpo-
sitions. The movement of the foot and foot position with an 
almost completely stretched knee joint before the foot strike 
is most important evidence of increased inward or outward 
rotation of the hip joint.

 Kinetic Motion Analysis

 Dynamometry

The standard method of kinetic gait and running analysis is 
the recording of the force-time-profiles of a movement by 
multi-component force plates [11]. These are usually local-
ized in a gangway. Standard parameters are the ground- 
reaction- forces in all three dimensions and the force 
application line and the duration of the support phase. If at 
least two force plates are arranged one behind the other, 
asymmetries and isolate reasons can easily be revealed and 

additionally also kinematic parameters such as stride length, 
duration of support and swing phase or the walking speed in 
the side comparison can be determined. The course of the 
force application lines can show the position of the foot and 
indicate shortcomings in the rolling motion. However, an 
assignment to the structure of the foot is not possible. A few 
treadmills with integrated one- ore three-dimensional force 
plates already exist.

The force-time-curves (Fig. 6.4) while walking vertically 
show the size of the load as the response at foot strike, the 
pressure force at push off and the dynamics of movement 
represented as the differences between the typical two max-
ima and the minimum. In the running direction the breaking 
force impact during the loading response and acceleration 
impulse during the push-off phase in height and course can 
be delineated from each other. The transverse to the running 
direction of forces indicates in degree and course, how far 
the center of gravity of the perpendicular is removed from 
the bottom point of contact during a step. From the force- 
time- curves the respective momentum, figuratively the area 
below the curve, can easily be calculated as a key measure of 
the force transmission and thus the motion dynamics.

 Pedography

If there are problems in the area of the foot, the pedography 
has established itself as an imaging method of kinetic analy-
sis especially in the field of orthopedic shoes and insoles. 
Here, the pressure–time-curves under the foot- or shoe-soles 

Fig. 6.3 “Treadmill analysis foot strike”. Treadmill analysis with force 
sensors (Zebris FDM-T) and high-speed video (Contemplas, 100 Hz) at 
14 km/h. Picture sequence in 20 ms steps from initial ground contact to 

mid stance. Foot strike and footprint (little pictures) behavior showing 
pronation followed by inwards movement of knee and hip instability
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are recorded through pressure measuring plates or pressure 
distribution measuring systems of the foot primarily for 
detecting and analyzing the load characteristics [11]. 
Pressure measuring plates are fixedly inserted into a gang-
way or integrated in treadmills underneath the treading sur-
face. Pressure distribution measuring system of foot however 
is used like insoles and is mobile. They examine the interac-
tion between foot, shoe and ground.

Measurements are possible statically while standing and 
dynamically when walking or running. The foot can be ana-
lyzed as a whole or divided into stress-bearing areas. The 
parameters of measurements are the mean and maximum 
pressure and in addition load duration, strength and momen-
tum course, center of pressure and rolling are available 
(Fig. 6.5). At treadmill also kinematic parameters such as 
stride length and track width, foot position and length of the 
gait line as well as information on gait symmetry and gait 
stability are available.

Currently there are no generally accepted guidelines for 
the evaluation of pedographical measurements. The side 
comparison in the stand can detect the relocation or disloca-
tion of the center of gravity. Barefoot measurements are the 
basis for the description and limitation of problem areas and 
very helpful concerning pathologies like shoes and insoles. 
The pressure distribution measuring system of foot also 
allows you to check the effectiveness of supply (Fig. 6.5).

If kinetic and kinematic data are available, generally the 
calculation of joint moments by inverse dynamics is possible 
[12]. This requires a comprehensive multi-dimensional set of 
data and corresponding software. All in all, enormous and 
expensive efforts are necessary and due to the requisite 
assumptions regarding the position of the hinge points results 
will still be relatively inaccurate.

 Important Analysis Parameters

Total force-time curves are an important indicator of potential 
impairment. The results can identify the affected side of the 
body and the deficient movement phase. However, the caus-
ally affected body part cannot be determined. Vertical force-
time curves show by the distinction of the maxima when 
walking or the left or right shift of the maximum while run-
ning, whether a pronounced foot strike, footprint or even roll-
ing motion is present (Fig. 6.6) and facilitate the assessment 
of knee problems. A unilaterally reduced dynamic of the ver-
tical ground reaction force through reduced maxima and a 
higher minimum indicates a deficit of this body side, a 
reduced 2nd maximum force in conjunction with a reduced 1 
maximum force of the next step indicates a careful side tran-
sition. Unidirectionally higher momentums across the move-
ment direction during unilateral stance phase indicate a deficit 
on this side of the body, meaning a shift of gravity as evasive 
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Fig. 6.4 “Force-time-curves”. Gait analysis: force-time-curves, ground 
reaction force: Fz vertical (above), Fy horizontal in movement direction 
(center) and Fx horizontal in lateral direction (bottom), left-hand side 
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Fig. 6.5 “Treadmill analysis widespread”. Treadmill analysis at 
13.8 km/h, foot ground contact in hyper-supination. Picture sequences 
for side, phase and shoe vs. barefoot comparison (2 columns left: with 

shoe, 2 columns right: barefoot). (1) Single, mean and maximum foot-
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time-curve, each with shoe (left: red, right: green) and barefoot (black)
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movement on the contralateral side of the body. Comparatively 
lower braking or acceleration impulses in the running direc-
tion also indicate deficiencies in the foot strike or foot push 
off. The often existing short initial peaks of forces in and/or 
transversely to the movement direction opposite to the normal 
direction of force are signs that the foot at the end of the for-
ward swing at foot strike in the direction towards the rear and 
transverse to the direction inward “falls” to the ground 
(Fig. 6.4, green ellipses). Is this peak particularly high, the 
reason should be traced because of the resulting momentums 
for the ankle. A comparison to walking barefoot is required in 
order to assess the influence of the shoes.

Resulting pressure- and force-time-curves during pedog-
raphy in particular on the treadmill are indeed less accurate 

than those from force plates, but include other important 
results. The fixed-image shows beside foot deformities and 
stress symptoms such as fallen arches, splayfoot, pes cavus 
(contracted foot) or characteristics of flat foot in the barefoot 
viewing the individual load distributions with shoes and 
associated abnormalities. During walking and running the 
cyclogram (Fig. 6.6) provides important information of gait 
stability and gait symmetry. In particular, while running next 
to the identification of the runner type, especially type imma-
nent features such as pronation during hindfoot runner, the 
stress distribution at the midfoot runner or the burden of the 
bale when forefoot runner can be assessed very well and in 
the case of improper loading counteractions can be taken. 
The comparison between walking and running barefoot or 

Fig. 6.6 “Force-time-curves and centre-of-pressure”. Analysis of 
force-time-curves and centre of pressure diagram (COP) in walking and 
running: mild to moderate higher forces left (1) with distinctly accentu-
ated foot strike in walking (2, higher first maximum) and running (3, 

left shift of maximum); ground contact in distinctly supinated position 
with hindfoot in walking (4) and forefoot in running (5) followed by an 
inwards movement; in cyclogram (butterfly) distinctly reduced right- 
hand sided centre of pressure course in walking (6) and running (7)
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with shoes provides important information on the influence 
of the shoes and the quality of the insole supply.

While prominent peak pressures usually can clearly be 
attributed to a foot problem most of the results of the kinetic 
analysis can be considered only in the context of the overall 
movement. While the power is transmitted during walking and 
running over by the foot, but this is only the end link of a com-
plex kinematic chain with the goal of moving the body i.e. the 
center of gravity. That is why as a rule abnormalities must be 
checked as to whether the cause comes from the foot or another 
part of the body, in particular the associated leg. In addition to 
the mean and maximum print images (Fig. 6.5) mainly the roll-
ing behavior is of particular importance (Fig. 6.3, foot prints).

 Electromyography

To extend the kinetic and kinematic gait or treadmill analyses 
a muscle function analysis by surface electromyography can 
be added. By electrodes that are applied to the examined mus-
cles can be diagnosed, which muscle when and how long is 
what type and how intra- and inter-muscular interplay active. 
This information can help to detect muscular, neural or sen-
sory-motor abnormalities and provide possible explanations 

for kinetic or kinematic abnormalities. This method can only 
detect muscles that are located on the surface of skin. The use 
of needle electrodes is not appropriate for gait and treadmill 
analyses. In addition to various disturbing noise sources due 
to the low power of the EMG-signal, motion artefacts are to 
be expected in particular in the dynamic application. To avoid 
or reduce sources of interference, therefore, a careful applica-
tion and evaluation is required [13, 14].

 Important Analysis Parameters

For muscle function analysis of foot flexion and extension 
for example the m. tibialis anterior, m. peroneus longus and 
brevis, m. gastrocnemius medialis and lateralis and m. soleus 
can be derived. As measuring parameters time and duration 
as well as the amplitude of the signal are available.

The unilateral analysis reveals especially the extent to 
which a muscle is activated according to time and amplitude 
of its function (Fig. 6.7). Reduced or absent activity of m. 
peroneus can e.g. reveal or prove a weak dorsiflexion. The 
comparison of sides also allows the evaluation of the activa-
tion of symmetry. Differences in activation patterns in time 
and in amplitude indicate functional deficits the cause of 
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Fig. 6.7 “Treadmill analysis 
EMG”. Treadmill analysis at 
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of m. gastrocnemius medialis; 
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which must be clarified [14]. In order to allow a quantitative 
side comparison of the amplitudes, the determination of the 
maximum EMGs of the muscles to be compared is required.

 Summary and Take Home Massage

The gait and treadmill analysis in instrumental form is a reli-
able instrument for expanding and securing medical diagnos-
tics. Thanks to modern instruments, the effort of instrumental 
gait and treadmill analysis is significantly reduced and the 
results are available promptly. By use of modern methods of 
analysis abnormalities in the dynamics of movement can be 
recognize that remain hidden to the human eye. Early preven-
tative measures can preclude possible damage to the musculo-
skeletal system or at least postpone it. Concerning rehabilitation 
changes can be identified, remaining deficiencies assessed and 
therapeutic measures supported and monitored.

Kinetic force-time-curves show problematic movement 
phases. Pedography helps to assess the rolling performance 
and the identification of faults or overload in the area of the 
foot. Kinematic 3D motion analysis as well as electromyog-
raphy support the search for the reasons of aberration and 
help with the choice of the treatment approach. However, in 
addition to the opportunities, especially the limits of the 
methods used in biomechanical measurement must be 
observed. Kinematics can describe the motion of the body 
exactly in space and time, but does not provide any informa-
tion about the ensuing forces or muscle activity. Kinetics 
provides precise data for the force-time-curve of the whole 
body movement, but the contributions of single body parts to 
these movements or of individual muscles are not visible.

Normal values and standard curves are a great aid in 
understanding complex interrelationships and the classifi-
cation of current results. In this sense any deviation from 
the norm requires special attention. The desire for fast, 
automated results and simple causal relationships is tempt-
ing to use normative data as representative for the evalua-
tion based on motion analysis [15]. Human individuality is 
expressed mainly in the way of deviation and not by con-
formity to a standard. The high complexity of motion con-
tains a multitude of degrees of freedom and allows for a 
corresponding number of individual solutions. Human 
movement is not only a subject of principle of economy and 
efficiency, but is also characterized by high variability and 
compensation ability. This can be expressed by a lack of 
exercise, stress or fatigue effects, as well as by a natural 
range of movement and exploiting the degrees of freedom. 
Pathologies are only one possible reason of a standard 
deviation.
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Take Home Massage

The assessment of a movement with respect to its indi-
vidual normality is more important than the accor-
dance with a normative exercise. Symmetric but 
non-standard movements primarily have to be changed 
only when pathological misalignments or afflictions 
are present. Asymmetric movements deserve special 
attention in any case, even if the individual one still 
remains within the standard norm.

Take Home Massage

For the diagnosis of a limited problem the use of a 
single biomechanical measurement method may be 
sufficient.

To diagnose a complex cause-effect relationship the 
simultaneous use of different biomechanical measure-
ment methods is essential because the significance of 
each individual measurement method is limited.

Take Home Massage

The understanding of movement, and the detection and 
treatment of primary deficits of movement is the key 
component of successful and sustainable diagnosis 
and treatment.
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Arthroscopic Supplementation 
of Imaging Findings: Using 
Arthroscopy to Detect Abnormalities 
Missed on Imaging

Eric Ferkel and Bruce E. Cohen

Abstract

Arthroscopic surgery has given the foot and ankle surgeon the ability to identify pathology 
that can be missed on advanced imaging studies. Ankle fractures are a common injury that 
often only receives a plain radiograph prior to surgery. Arthroscopy, as part of the surgical 
fixation of ankle fractures, can demonstrate syndesmotic widening and osteochondral 
defects that otherwise may have been missed. Arthroscopic evaluation during surgical man-
agement of ankle instability can show significant osteochondral lesions or loose bodies. 
Arthroscopy is essential in the management of osteochondral defects of the tibia or talus, 
specifically in assessing the size and depth of the lesion, as well as the quality of the sur-
rounding cartilage. Subtalar arthroscopic evaluation has been shown to be effective in con-
firming the diagnosis and assisting with treatment. When assessing peroneal tendon 
pathology, tendoscopy has shown promise in localizing and sometimes even treating pero-
neal tendon tenosynovitis and small tears. The advancements in the use of arthroscopy have 
given the orthopaedic surgeon the capability to diagnose and treat injuries that otherwise 
may have been missed with standard imaging studies.
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The development of foot and ankle arthroscopy over the past 
30–40 years has greatly improved the orthopaedic surgeon’s 
ability to treat and diagnose pathology previously missed on 
imaging or explored with an open surgery. The first ankle 
arthroscopy was described by Burman in 1931 [1]. Watanabe 
was the first to describe a case study, reporting on a series of 
ankle arthroscopies in 1972 [2]. Foot and ankle arthroscopy 
can be used for both diagnostic and therapeutic purposes to 
treat a variety of joint-related conditions, including the ante-
rior and posterior ankle joints, as well as the first metatarso-
phalangeal (MTP) and subtalar joints. Recently  arthroscopy 

of tendons, known as tendoscopy, has emerged as a tool to 
address pathology of the posterior tibial tendon, flexor hal-
luces longus (FHL) tendon and the peroneal tendon in a 
minimally invasive fashion. Arthroscopy has the distinct 
advantage of giving the surgeon the intra-articular or intra- 
tendinous view that traditional imaging cannot, while limit-
ing surgical exposure and soft tissue trauma.

Foot and ankle arthroscopy is typically indicated for ante-
rior soft tissue and bony impingement syndrome, osteochon-
dral defects of the talus or tibia, ankle synovitis, arthrofibrosis, 
loose body removal, debridement and irrigation of septic 
arthritis, as well as in the treatment of ankle fractures and 
arthrodesis. Posterior hindfoot arthroscopy can be used for 
removal of the os trigonum and FHL tenosynovitis, which 
both combine to form the diagnosis of posterior impinge-
ment [3]. Subtalar and posterior tibiotalar joint arthritis as 
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well as Haglund’s deformity are further indications for pos-
terior or hindfoot arthroscopy.

In this chapter the role of ankle arthroscopy to diagnose 
and treat conditions that may be missed on imaging will be 
explored. Specifically, we will review the use of arthroscopy 
in treating ankle fractures, assisting in the treatment of ankle 
instability, evaluating osteochondral lesions, subtalar 
debridement and peroneal tendoscopy.

Before performing any ankle arthroscopy it is vital to per-
form an initial diagnostic arthroscopy in order to ensure a 
complete evaluation of the ankle and the joint. The 21 point 
ankle exam has been advocated as a thorough diagnostic tool 
in ankle arthroscopy [4]. Performing the evaluation in a sys-
temic fashion ensures that no areas associated with the 
patient’s underlying pathology will be missed.

The 21 point exam for a diagnostic ankle arthroscopy, as 
described by Ferkel [4], requires one to pause at each point 
of the exam to study the patient’s anatomy. The order in 
which one evaluates each area is irrelevant as long as the 
evaluation is thorough and efficient. The structures visual-
ized include:

With the scope in the antero-medial portal:

 1. Deltoid ligament
 2. Medial gutter
 3. Medial talus
 4. Central talus and central overhang
 5. Lateral talus
 6. Trifurcation with the talus, tibia and fibula, including 

anterior inferior tibiofibular ligament
 7. Lateral gutter, including anterior talofibular ligament
 8. Anterior gutter

The central and posterior structures of the ankle are then 
visualized from the antero-medial or antero-lateral portal. 
These include:

 1. Medial tibia/talus
 2. Central tibia/talus
 3. Lateral tibia/talar-fibular articulation

The arthroscope is then maneuvered more posteriorly 
from either of the anterior portals to visualize the posterior 
structures. These include:

 1. Posterior inferior tibiofibular ligament
 2. Transverse tibiofibular ligament
 3. Reflection of the flexor hallucis longus

The arthroscope is then changed to the postero-lateral 
portal to complete the exam, visualizing the following:

 1. Posteromedial gutter

 2. Posteromedial talus
 3. Posterocentral talus
 4. Posterolateral talus
 5. Posterior talofibular articulation
 6. Posterolateral gutter, including the posterior talofibular 

ligament
 7. Posterior gutter

After completely visualizing the ankle from the antero- 
medial portal, it is necessary to visualize again from the 
anterolateral portal. Notice the difference in accessibility of 
the medial and lateral gutters depending on the location of 
the arthroscope. Visualize the anterior inferior tibiofibular 
ligament and anterior talofibular ligament inferiorly. After 
the surgeon completes the diagnostic ankle arthroscopy, he/
she should be well informed to make a decision regarding 
therapeutic intervention.

 Ankle Fractures and Arthroscopy

The use of arthroscopy with surgical treatment of ankle frac-
tures can greatly improve the surgeon’s overall ankle evalua-
tion and assist in the creation of a treatment plan. Arthroscopy 
allows the surgeon to assess intra-articular pathology, identi-
fying loose bodies, osteochondral lesions or torn ligamen-
tous structures. Additionally arthroscopy can aid the surgeon 
in reduction and internal fixation and help with post reduc-
tion evaluation of the joint and syndesmosis. Several studies 
have shown that initial evaluation of the articular surface 
after ankle fracture revealed a significant amount of intra-
articular injury (Fig. 7.1). Ferkel et al. showed 63 % trau-
matic articular surface lesions (TASL) in 48 patients [5]. The 
investigators found that of the 12 fractures with syndesmotic 
disruptions, nine sustained full-thickness damage to the talar 

Fig. 7.1 Image of an ankle fracture through the arthroscope
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chondral surface. Ono et al. found that 20 % of ankle frac-
tures requiring open reduction internal fixation (ORIF) had a 
cartilage injury and 51.4 % had a ligamentous injury with the 
anterior inferior tibiofibular ligament (AITFL) being the 
most commonly injured ligament [6]. Leontaritis et al. pub-
lished a retrospective study of 84 ankle fractures in which 
ankle arthroscopy was utilized during the index procedure 
[7]. Their study included supination external rotation (SER) 
type II and pronation external rotation type I (PER) ankle 
fractures, however, the majority (66 %) were PER and SER 
IV. They found that 73 % of ankle fractures had concomitant 
chondral lesions with the majority involving the talar dome 
(61 %). PER and SER IV ankle fractures were eight to nine 
times more likely than PER and SER type I or II ankle frac-
tures to be associated with two or more chondral lesions 
respectively.

Lui et al. looked at 53 patients without radiographic evi-
dence of frank syndesmotic diastasis in Weber B or C ankle 
fractures, then performed intraoperative radiography com-
bined with ankle arthroscopy. Sixteen patients had positive 
intraoperative stress x-rays (30 %) and 35 cases had positive 
arthroscopic findings of syndesmosis diastasis (66 %), dem-
onstrating that ankle arthroscopy is a better tool than intraop-
erative stress x-rays in distinguishing syndesmotic diastasis 
[8] (Fig. 7.2). Takao et al. evaluated 38 patients in which 
arthroscopy was used to supplement plain x-ray diagnosis of 
syndesmotic injuries in operatively treated ankle fractures 
[9]. They found that syndesmotic widening was confirmed in 
all cases that were seen on preoperative radiologic studies 
and 12 frank syndesmotic disruptions were identified exclu-
sively on arthroscopy that were otherwise unrecognized on 
preoperative plain x-rays, again reaffirming the importance 
of evaluating the ankle joints after an ankle fracture.

Arthroscopy is an effective tool in assisting in diagnosis 
and therapeutic treatment of ankle fractures. The amount of 
functional improvement or the difference in outcomes in 
patients who have pathology identified on arthroscopy at the 
time of surgical fixation as compared to those treated without 
arthroscopy is still undetermined. It is important, however, to 
be able to identify intra-articular lesions which may affect 
the long-term prognosis after these injuries.

 Ankle Instability and Arthroscopy

Ankle sprains are one of the most common injuries in ath-
letes and can typically be treated non-operatively with func-
tional rehabilitation. However, approximately 29–42 % of 
patients have continued symptoms of chronic ankle instabil-
ity, including the feeling of “giving out” with persistent pain 
and decrease in function.[10] MRI and CT are not typically 
indicated for an acute ankle sprain unless there are other sus-
pected injuries, however imaging can be useful for the evalu-
ation of chronic ankle instability. MRI has been shown to be 
anywhere from 20 to 80 % accurate in detecting osteochon-
dral lesions, loose bodies or peroneal tendon injuries, spe-
cifically peroneus brevis, in patients with chronic ankle 
instability [11–13]. Therefore the role of arthroscopy is 
essential in prevention of long term sequela that would oth-
erwise be missed if one were to rely upon imagining alone 
prior to surgery.

Hintermann et al. found significant cartilage damage in 
66 % of patients with lateral ligament pathology and 98 % of 
patients with deltoid ligament injury [14] (Fig. 7.3). Taga 
et al. found osteochondral lesions in 95 % of chronically 
unstable ankle and 89 % of acute ankle injuries. Ferkel 
showed in two separate studies a similar rate of intra- articular 
pathology of 93 and 95 % [15, 16]. It is clear from these stud-
ies that there is a high prevalence of intra-articular pathology 
with chronic ankle instability and that arthroscopy can be 
beneficial to assist in the procedure and obtain a good to 
excellent result. For these reasons, it is our routine practice to 
preform diagnostic arthroscopy in all patients undergoing 
surgical reconstruction of ankle instability. Concerns of fluid 
extravasation, which could compromise concomitant liga-
ment reconstruction, are unfounded. An efficient diagnostic 
arthroscopic examination can be a very useful tool in treating 
ankle instability.

 Osteochondral Lesion Evaluation

Cartilage evaluation of osteochodral lesions is essential prior 
to making surgical decisions. It is imperative that the surgeon 
accurately evaluates the articular cartilage to make a correct 
diagnosis and assess the stability of the lesion in order to 

Fig. 7.2 Image of a widened syndesmosis from looking through the 
anteromedial portal during a stress test
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preserve function and avoid long-term pain. Understanding 
the correct stage of the lesion and the extent of the defect is 
essential to surgical planning. MRI has been shown to accu-
rately stage osteochondral lesions in 65–92 % of cases, 
although there are concerns that MRI is unable to identify 
isolated cartilage surface lesions, possibly due to the rela-
tively thin talar articular cartilage [17–20]. CT is useful for 
evaluating osteochondral lesions and providing information 
on the condition of the underlying subchondral bone related 
to the cartilage damage (Fig. 7.4). Unfortunately CT cannot 
adequately assess the presence of an intact cartilage surface. 
This may influence treatment options, i.e. transtalar drilling 
techniques [21, 22].

The size of an osteochondral lesion can be critical in 
determining surgical treatment options such as OATS proce-
dures or debridement and microfracture. MRI has been 
shown in some cases to overestimate the size of the lesion 
compared to CT; most often the most accurate diagnosis of 
size will be made by arthroscopy.

 Subtalar Evaluation by Arthroscopy

Arthroscopy of the subtalar joint is an excellent tool to evalu-
ate pathology that may not be readily apparent on MRI or 
CT. Subtalar arthroscopy is typically indicated in patients 
who are experiencing hindfoot pain or pain along their sinus 
tarsi. Indications include osteochondral injury with loose 
body, synovitis, and interosseous talocalcaneal ligament 

(ITCL) tears. MRI was found to be nonspecific and insensi-
tive when correlated with arthroscopic findings in regards to 
tears of the ITCL [23]. Goldberg and Conti found that preop-
erative MRI underestimated the degree of articular cartilage 
damage in patients who then underwent an arthroscopic sub-
talar debridement [24]. Frey et al., found that patients who 
had been given the preoperative diagnosis of “sinus tarsi syn-
drome”, were all found to have alternative diagnoses on sub-
talar arthroscopy, with the most common being tears of the 
interosseous ligament [25].

 Peroneal Pathology

Peroneal tendon tears, most often of the brevis, are frequently 
associated with chronic ankle instability, ankle sprains, pero-
neal tendon subluxation, and the varus hindfoot. Bare and 
Ferkel reported finding 60 intra-articular lesions in 30 
patients undergoing peroneal tendon repair, with 78 % of 
these lesions undetected on preoperative imaging. This sug-
gests that ankle arthroscopy should be regularly completed 
in the setting of peroneal tendon repair, especially an acute 
peroneal tendon repair [26].

Peroneal tendoscopy is emerging as excellent tool to assist 
in diagnosis, accurate localization and treatment of peroneal 
tendon tenosynovitis and small tears [27, 28]. Chronic lateral 
retromalleolar pain, often seen in runners and dancers, can be 
attributed to peroneal tendon pathology. However given the 
various extrinsic and intrinsic causes of the pain in the region, 
MRI may not be reliable as a  diagnostic tool, and may often 
be inconclusive [29, 30]. In these cases peroneal tendoscopy 

Fig. 7.4 Image of an osteochondral lesion being elevated by a probe

Fig. 7.3 Evidence of ankle instability on arthroscopic examination 
showing increased widening at the lateral gutter
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can be useful to diagnose and treat peroneal tenosynovitis or 
minor tears of the tendons. Van Dijk et al., retrospectively 
reviewed their series of patients who had either synovitis with 
or without tearing of the peroneus brevis and there were no 
complications or recurrence of the preoperative pathology 
[28]. Peroneal tendoscopy is gaining in popularity, however at 
this time, its role is mostly limited to diagnostic assistance, 
allowing for a localized minimal incision repair or 
debridement.

 Summary

In conclusion, arthroscopy is an essential tool in diagnosis 
and therapeutic management of foot and ankle injuries, giv-
ing one a more complete picture of the patient’s pathology 
than imaging alone. In particular, the use of diagnostic ankle 
arthroscopy in ankle fractures is essential to identifying 
intra-articular pathology that might otherwise be missed. It 
can also be helpful in visualizing fracture or syndesmotic 
reduction. In ankle instability, arthroscopy has proven to be 
superior to imaging alone, giving the surgeon a more com-
prehensive view of the concomitant injuries. Finally, in pero-
neal tendon injuries, tendoscopy may become a valuable aid 
in localization and treatment of tendon pathology. 
Arthroscopy of the foot and ankle is a vital instrument in the 
surgeon’s toolkit to ensure the patient’s best outcome.
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Management of Injured Athletes 
at the Field
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Abstract

Traumatic injuries of the foot and ankle occur frequently during sports competitions and rep-
resent a wide spectrum of injuries. The on-field and side-line management to injured athletes 
imposes high demands on the medical practitioner. A high level of knowledge about sports 
and discipline specify requirements regarding biomechanic principles and the resulting inju-
ries and overuses are absolutely essential. The on-field management should follow a standard-
ized algorithm of assessing the injured mechanism, history and physical examination. Under 
high time pressure, serious decisions about the following treatment referring to the individual 
athlete have to be taken very quickly and have to be adapted to the aggregate of the athletes’ 
individual disorder, the physical examinations and the specific requirements of the sport.
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 Challenges and Requirements of On-Field 
Management

Acute traumatic injuries of the foot and ankle occur frequently 
during sports competitions, and ankle sprains are one of the 
most common injuries. A wide spectrum of acute and overuse 
injuries include tendon, muscle or ligament sprains, soft-tissue 
damages, skin lacerations, cartilage lesions or fractures up to 

joint dislocation including injuries of neurovascular structures. 
The on-field and side-line management of injured athletes, 
imposes high demands on the medical coverage practitioner. A 
high level of knowledge about sports and discipline specify 
requirements as well as biomechanical principles and the result-
ing injuries are absolutely essential. This knowledge refers to 
the contest phase in which peak performance is required and is 
just as important for the excessive training period dominated by 
high weekly training hours. Furthermore the athletes’ specific 
conditions regarding individual risk factors or medical history 
including prior injuries or fitness level have to be known and 
complied. In general, a wide variety of medical coverage prac-
titioners care for the athletes’ health. Among these practitioners 
orthopaedic surgeons, sports medicine specialists, physical 
therapists or emergency medical services with a different level 
of experience and skills in treatment of sports related injuries 
can be found. In order to ensure a high medical standard, it is 
the medical coverage practitioners’ duty to acquire the sports 
specific knowledge and skills. Under high pressure of time seri-
ous decisions referring to the individual athlete have to be taken 
very quickly and have to be adapted to the aggregate of the 
athletes’ individual disorder, the physical findings and the 
sports specific requirements (Fig. 8.1). The goals of on-field 
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treatment are defined as the following: Prevention of further 
injury, minimizing the zone of injury, decreasing pain, promot-
ing healing and allowing a safe return to athletic competition 
[1]. Subject to the adopted decision within its initial treatment 
in case of a present injury, the immediate and long-term sport-
ing success and moreover the athletes’ health depends on this 
initial correct management of an injured athlete on the field.

 Epidemiology

The incidence, mechanisms and circumstances of injuries 
differ among the different sports. Injuries can be described as 
non-contact trauma events, as contact-events (with another 
athlete, a moving object (e.g. ball, puck) or a static object 
(e.g. hurdles, net, goalpost), as recurrent injury or overuse 
injury [2]. During the Summer Olympic Games in London 
2012, Beijing 2008 and IAAF World Championships in 
Daegu 2011, most of the injuries occurred in competition 
(55 % Competition vs. 45 % Training, London; 74 % vs. 26 %, 
Beijing; 56 % vs. 44 % Daegu) [3–5]. The majority of injuries 
occurring in international sports events are reported to be of 
lower severity, but up to 35–49 % of injuries in the last two 
Olympic Games [3, 4] and in mean half of all injuries in the 
last three IAAF World Championships [5–7] were estimated 
in time absence from training or competition. Regarding the 
anatomical localisation of all injuries and overuses in London 
2012, the highest incidence was detected for the foot and 
ankle, especially in Volleyball (30 %), Handball (25 %), 
Taekwondo (24 %) Athletics (24 %) and Soccer (22 %) [3].

 Preparation of Medical Coverage

In advance to an upcoming competition or training camp 
the medical coverage has to be planned and arranged con-
scientiously. In order to ensure the treatment of higher inju-
ries up to severe injuries, the local conditions including the 
accessibility of a medical centre or the next hospital and its 
medical supplies have to be observed. In this regard it is 
advisable to contact the local rescue services previously in 
order to guarantee a good level of cooperation. In addition 
to the medical supplies, local requirements considering 
injury related risk factors like the playing or running sur-
face [8] as well as weather conditions have to be assessed. 
An early on- field response of acute injuries assumes the 
presence of a well-resourced emergency bag [9], which is 
especially in youth sport unfortunately often insufficient 
provided [10]. In view of a universal emergency medical 
bag which has to be available at any time and is stan-
dardised in football for example as the “FIFA medical 
emergency bag” [11], following material is needed to 
ensure an early treatment especially of injuries of foot and 
ankle [12]:

• Cool box implying ice water sponges
• Underarm Crutches
• Cooling spray
• Tapes in different sizes
• Elastic bandages
• Splints
• Pain killers (NSAIDs)

Fig. 8.1 The picture represents the on-field treatment of an acute ankle injury and demonstrates the restricted medical supplies for initial assess-
ment and examination
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 Initial Assessment

In the ideal case, a constant observation of the sports field 
should be achieved in order to assess the mechanism of 
injury (e.g. anatomical movement of the extremity, contact 
with a stagnant object, contact with another athlete, non-
contact, initial loading capacity after injury). Participating in 
multi- sports events (track and field) the medical practitioner 
possibly meets later and a short history of the injury mecha-
nism is needed to acquire information in order to evaluate the 
injury. In some cases an examination in performance area or 
side-line has to be permitted by the referee or security guard. 
After assessing the injury mechanism, the athlete has to 
describe his complaints and severity of pain. Subsequently 
the initial examination should follow a standardised triage:

 Inspection

• Severity and anatomic localisation of the pain
• Existing swellings or redness?
• Presence of deformities?
• Skin conditions (Haematoma, Abrasions)
• Ability to full weight bearing or to complete gait 

cycle?

 Palpation

• Provocation of pain or crepitations occurring on anatomic 
relevant structures (Fig. 8.2, Table 8.1)

 Functional Examination

• Active and passive range of motion of the affected 
joint

• Achilles tendon: Ease of rising onto the toes, Thompson- 
Test, tendon-identifiability

• Ankle joint: anterior talus shift, medial or lateral stress 
test, Squeeze test

• Hindfoot and Midfoot: sideway and axial compression, 
calcaneal inversion/eversion, ability to torsion

• Forefoot: lateral and medial stress test of MTP-joints, 
axial compression, Lachman-Test, Squeeze-test

• Evaluation of neurologic and vascular compromise should 
always occur in the field if possible, taking care not to 
make the injury worse [13].

After a short review of the initial and expeditiously 
assessment, the responsible medical practitioner has to 
decide if an emergent transfer to a medical centre is needed, 
if the athlete has (temporary) to interrupt the sports activ-
ity or if a return to play is permitted. A misjudgment of 

this initial evaluation can be linked with an aggravation 
of the existing damage that can be associated with severe 
sequels [13]. In most cases of injuries, an emergent trans-
portation to a medical center is not necessary. But this is 
required in consideration of suspected vascular injuries, 
long bone fractures, open fractures, open joint injuries and 
joint dislocations [14, 15]. Considering the serious deci-
sion about the ability to play or not, standardized evidence 
based guidelines are lacking. Every athlete with their inju-
ries has to be treated on an individual basis. However, pub-
lished by German-Austrian-Swiss Society for Orthopaedic 
Traumatologic Sports Medicine (GOTS), in view of ankle 
sprain, the following criteria should be helpful to decide a 
cancellation of play (Table 8.2):

In case of an aspired return to play, a final functional exer-
cise test can be implemented to assess the sports aptitude: 
Single leg stands test, jump test or sprint test. Orientated to the 
special athletic demands of the athletes discipline, the practica-
bility of these functions helps to assess the functional 
performance.

Fig. 8.2 Illustration of the Ottawa foot and ankle rules criteria – ana-
tomic relevant areas

8 Management of Injured Athletes at the Field
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 Initial Treatment

The primary treatment of acute injuries can be performed 
using the acronym “RICE” and is common and recom-
mended for initial treatment for most sports injuries [16–19]. 
This common and recommended therapy method requires 
rest, ice, compression, and elevation (Fig. 8.3). The primary 
therapy target is to reduce pain, swelling and bleeding and in 
this way to limit the initial inflammatory process and to pre-
vent further damage. Despite the common application of the 
“RICE” principle, there is insufficient evidence that deter-
mines the effectiveness and improved clinical outcome of the 
“RICE”-principle in treatment of soft tissue injuries 
(Table 8.3), [20–23].

• Rest: Restricting activity and immobilisation should pre-
vent worsening of the injury and leading to pain relief. 
The affected area should be immobilized using different 
sizes of splints, pads or crutches or applying bandages or 
tapes especially on toes (Fig. 8.4). Using crutches is help-
ful if a limit of weight bearing is aspired.

• Ice: Cryotherapy is often applicated for soft tissue sports 
injuries. The application can be performed in an ideal way 
with an ice soaked sponge or an ice pack wrapped into a 
towel. The application of ice, leads to a vasoconstriction 
and reduces local muscular blood-flow by approximately 
50 % after 10 min [24] and therewith a decrease of swelling 
and initial bleeding. A cold application has also been found 
to decrease the inflammatory reaction in an experimental 
situation [25]. Another effect can be seen as reducing pain 
by increasing threshold levels in the free nerve endings and 

at synapses and by increasing nerve conduction latency to 
promote analgesia [20, 26]. Additionally ice spray can be 
applied especially for pain relief. The direct contact 
between the applied ice and the skin has to be avoided in 
order to beware of blistering or necrosis of the skin.

• Compression. Elastic compression bandages should limit 
edema and swelling. Swelling may develop slowly hours 
after the injury event, so in view of an imminent compart-
ment syndrom that can occur in context of fractures or 
soft tissue damages, the applied pressure has to be checked 
regularly.

• Elevation: Raising the lower limp upside should reduce 
perfusion and the accumulation of interstitial fluid by 
reduction of intravascular hydrostatic pressure.

Table 8.1 Ottawa Ankle rules [30]

The Ottawa foot and ankle rules criteria

Ankle: Pain in either malleolus plus 1 of the following:

1. Bone tenderness at tip of lateral malleolus or along posterior edge within 6 cm proximal to tip of malleolus

2. Bone tenderness at tip of medial malleolus or along posterior edge within 6 cm proximal to tip of malleolus

3. Inability to bear weight both immediately after the injury and in the emergency department

Foot: Pain in the midfoot plus 1 of the following:

1. Bone tenderness over the base of the fifth metatarsal

2. Bone tenderness over the navicular bone

3. Inability to bear weight both immediately after the injury and in the emergency department

Stiell et al. [30]

Table 8.2 Return to sports criteria (GOTS Expert Meeting Ankle Instability 2012 [12])

Criteria Return to sports Interruption

Restriction of mobility Unchanged New

Instability, “Giving way” Unchanged New

Pain Initial pain, then painless Under motion or weight bearing

Weight bearing Full weight bearing Limited weight bearing

Athletes’ subjective Evaluation Possible Not possible

Fig. 8.3 Applied “RICE”-principle
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In addition to the physical treatment nonsteroidal anti- 
inflammatory drugs (NSAIDs) are attributed with reducing 
pain and decreasing the initial inflammatory process. The 
indication of NSAIDs has to be decided seriously and 
adverse drug reactions have to be respected.

Even if most common injuries can be treated with RICE 
protocol, severe injuries demand a special treatment that 
should be applied immediately:

Dislocations A dislocated ankle joint has to be relocated 
in order to reduce the risk of neurovascular or articular car-
tilage damages. In general, side-line treatment of dislocated 
joints should only be attempted by experienced practitio-
ners. The neuro vascular status has to be checked both 
before and after relocation. A referral to the medical centre, 
as soon as possible, is needed in case of present or impend-
ing neurovascular injuries [15]. Referring to irreducible 
dislocations, repetitive frustrating attempts should be 

refrained. Instead of that, transportation to a medical centre 
is necessary for open relocation by surgical treatment.

Fractures Bone fractures have to be treated conscientiously 
in order to minimize the risk of soft tissue damages as well as 
surrounding neurovascular structures by splintered bone ends 
and to prevent becoming an open fracture [27]. As a result, 
major displaced bone fractures should be relocated in advance 
by application of in line longitudinal traction in order to 
improve realignment. The neurovascular status has to be 
checked also. Directly after, the concerned fractured bone and 
its adjacent joints have to be immobilized with a splint or vac-
uum beanbag in order to ensure the reached relocated position 
[27, 28]. Any change in neurovascular status requires an urgent 
transfer to hospital and an early surgical treatment [14, 27].

In view of the majority of the existing injury, an addi-
tional diagnosis algorithm (radiographic examination using 

Table 8.3 Reviews – evidence for RICE principle

Author Journal Clinical question Literature search
Main outcome 
measures Conclusions

Van den Bekerom 
et al. (2012), 
Netherlands [20]

Journal of Athletic 
Training

Effectiveness of 
applying rest, ice, 
compression, and 
elevation (RICE) 
therapy start within 
72 h after trauma 
for patients in the 
initial period after 
ankle sprain

Data Sources: 
MEDLINE (1966–
2010), Cochrane 
Clinical Trial Register 
(1988–2010), CINAHL 
(1988–2010) and 
EMBASE (1988–2010). 
Inclusion of 11 trials 
involving 868 patients

Pain, swelling, ankle 
mobility or range of 
motion, return to 
sports, return to 
work, complications 
and patient 
satisfaction

Insufficient evidence 
is available from 
randomized 
controlled trials to 
determine the relative 
effectiveness of RICE 
therapy for acute 
ankle sprains in adults

Collins et al. (2007), 
Ireland
[21]

Emergency 
Medicine Journal

Evidence to 
support an 
improvement in 
clinical outcome 
following the use 
of ice or 
cryotherapy

Data Sources: Medline 
1966–2006 (using the 
MeSH system), 
EMBASE 1988–2006, 
the Cochrane Library, 
Google Scholar and 
citation tracking. 
Including six human 
and four animal trials

Reduction in pain 
and swelling or 
edema, improved 
function, return to 
participation in 
normal activity

Cryotherapy may 
have a possible 
benefit in the 
treatment of acute 
soft tissue injury if it 
is instituted soon after 
the injury
The volume and 
quality of data are 
inadequate

Hubbard et al. 
(2004), USA
[22]

Journal of Athletic 
Training

What is the clinical 
evidence base for 
cryotherapy use?

Data Sources: 
MEDLINE, Proquest, 
ISI Web of Science, 
Cumulative Index to 
Nursing and Allied 
Health (CINAHL) on 
Ovid, Allied and 
Complementary
Medicine Database 
(AMED) on Ovid, 
Cochrane Database
Inclusion of 22 trials

Function (subjective 
or objective), pain, 
swelling, or range of 
motion

Cryotherapy seems to 
be effective in 
decreasing pain.
The low 
methodologic quality 
of the available 
evidence is of 
concern. More 
high-quality studies 
are required

Bleakley et al. 
(2004) Ireland
[23]

American Journal of 
Sports Medicine

To explore the 
clinical evidence 
base for 
cryotherapy

Human studies up to 
2002
Multiple databases, 
hand searches and 
citation tracking. 22 
studies found

Pain, swelling, range 
of motion and 
function

Many more high 
quality studies are 
needed to ensure 
adequate evidence-
based practice

8 Management of Injured Athletes at the Field
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ultrasound, X-ray, CT or MRI) has to be attempted directly 
in a medical centre/local hospital or can be planned for the 
next days after further orthopaedic re-examination. The 
medical coverage practitioner is often confronted with the 
question of obtaining radiographs following an injury. The 
decision for further radiographs has to be made based on 
physical examination. Especially for foot and ankle injuries 

the Ottawa Foot and Ankle Rules have been validated and 
implemented and help to decide if a further radiography is 
needed [29, 30] (Table 8.1).

 Judical Situation

Although the medical care is outsourced on sports fields, 
legal obligations have to be respected. The duty of dili-
gence towards the athletes is the same as in daily clinical 
practice. As a consequence, the initial assessment and 
treatment of an injured athlete and the decision whether a 
return to sports is possible or not, is insufficient -it is the 
physician’s duty to care for the thorough medical support. 
If he is not able to complete the medical treatment by him-
self, he has to send the injured athlete to hospital or a med-
ical centre. Just as in medical practice, the medical 
treatment has to be documented [31]. This concerns the 
history, the examination findings and the treatment includ-
ing applied drugs and if the athlete doesn’t want to keep to 
the physicians advice. Moreover, the athlete has to be pro-
vided with clear information about the diagnosis, possible 
complications and aftercare requirements. Attention 
should also be paid to the media attention. In this way it is 
the physician’s duty to ensure that medical matters are 
confidentially upheld and only employees with the appro-
priated authorization in respect to the athletes’ interests 
should be included.

 Evidence

Fig. 8.4 Taping of a first metatarsophalangeal joint in case of plantar 
plate injury

Author Clinical question Level of Evidence

Van den Bekerom et al. (2012), Netherlands [20] Effectiveness of RICE principle Level I

Collins et al. (2007), Ireland [21] Evidence of ice or cryotherapy Level I

Hubbard et al. (2004), USA [22] Evidence base for cryotherapy Level I

Bleakley et al. (2004) Ireland [23] Evidence base for cryotherapy Level I

Ekstrand et al. (2006), Sweden [8] Risk of Injury in elite football Level II

 Summary

• Medical coverage has to be planned and arranged consci-
entiously in advance to an upcoming competition.

• The sports physician has to acquire the sports specific 
knowledge and skills.

• A standardized algorithm of assessing the injured mecha-
nism, history and physical examination should be followed.

• The Primary therapy target is to reduce pain, swelling and 
bleeding and in this way to limit the initial inflammatory 
process and to prevent further damage.

• Every athlete with their injuries has to be treated on an 
individual basis.

• Legal obligations have to be respected also on sports 
field.

T. Hotfiel et al.
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Sports and Osteoarthritis

Thomas Schlemmer, Thomas Hügle,  
Victor Valderrabano, and Jochen Paul

Abstract

Recent literature proves a distinct correlation between sporting activity and the development 
of osteoarthritis (OA). In a disease affecting millions of people worldwide this is an important 
and ever growing field of interest. Sports has the potential to be a positive but also negative 
impact factor in OA development, depending on the intensity and the level of professionalism 
of sporting activity. Due to the importance of muscular stability in the development of OA this 
is also a reasonable approach for the treatment of already established OA in the elderly.

In many different types of sports, professional athletes show higher rates of radiographic 
OA signs, however, clinically these patients complain of not more, sometimes even less 
pain than the average population with similar signs of OA. Concerning foot and ankle some 
sports lead to premature OA like soccer, rock climbing and beach volleyball. Joint involving 
trauma is an important risk factor, especially in professional athletes.

In contrast to the development of OA trough sports, in the elderly with established OA 
some kind of sports seem to have at least short time positive effects on pain and function.

In conclusion, sports can either influence the development of OA (depending on the 
intensity and the kind of sports) or show positive clinical effects in cases with present 
OA. Sports must consequently be subdivided into different categories and carefully ana-
lyzed to determine if positive of negative effects exist regarding OA.
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 Introduction

Osteoarthritis (OA) is a disease involving joint degenera-
tion with severe socioeconomic consequences. There is a 
correlation between age and the development of OA [1]. 

Demographic changes in our society lead to a higher per-
centage of elderly people and so an increasing number of 
patients with OA. Because up to now no cure for OA is 
known, the prophylaxis of the disease is of particular 
importance. Sports could be a very easy and cost effective 
way to prevent the onset and/or modify the already existing 
clinical symptoms of OA, depending on the intensity and 
kind of sports.

But the question whether sports has an impact on  
OA, negative or positive, is an issue that has yet to be 
resolved.

Already in 1989 Buckwalter and Lane discussed whether 
there is a connection between sports and OA [2]. They 
found that moderate exercise by middle aged and older 
people does not increase their risk of developing osteoar-
thritis [2].
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In this overview we show which kind of sports increase 
the risk for the development of OA and which lower the risk. 
We also give an advice regarding the proper kinds of sports 
to decrease pain and increase mobility.

 Epidemiology and the Influence of Sports 
on Osteoarthritis

In 1987 Felson et al. found in the population of the “fram-
ingham osteoarthritis study” a prevalence of OA increasing 
with age [1]. 27 % of the patients younger than 70 years had 
radiological signs of OA (Kellgren Lawrence stage 2 or 
higher), 44 % of the patients older than 80 years. A higher 
prevalence was seen in women (34 %) than in men (31 %) 
[1]. In a systematic review in 2011 Pereira et al. showed that 
in knee OA more women are affected than men, in hip and 
hand OA no significant gender specific differences were 
found [3]. Horvàt et al. found in the Hungarian population 
hip OA in 16.49 % and knee OA in 16.54 % [4]. In Austria 
prevalence of OA is, including all joints, 11.9 % in men and 
18.6 % in women [5].

In France the prevalence of hip and knee OA was 1.9 % 
and 4.7 % for men and 2.5 % and 6.6 % for women, respec-
tively [6]. The overall prevalence of knee OA in rural china 
is 13.8 %, more women are affected than men [7]. In the 
northeastern population of china symptomatic knee OA was 
found in 16.05 % [8].

In conclusion there is quite a big difference in the lit-
erature concerning the prevalence of OA in different 
countries, even between Central European countries with 
similar living and working conditions. This makes a com-
parison of sporting people and the general population dif-
ficult due to the lack of reliable consistent data. This 
might be due to different recruiting methods, different age 
of participants or different methods of analysis and defini-
tion of OA.

Lawrence et al. reported an increase of OA prevalence of 
hand, knee and hip joints from 21 million patients in 1995 
to 27 million in 2005 in the United States of America [9]. 
This increase might have been caused be the higher mean 
age of our society and increasing rate of obesity [9]. In the 
future a further increase of OA is likely. Turkiewicz et al. 
predict a raise of OA prevalence from 26.6 to 29.5 % (any 
location), from 13.8 to 15.7 % at the knee and 5.8 to 6.9 % 
at the hip until the year 2032 in Swedish population [10]. 
Concerning foot and ankle various sports have the potential 
to cause OA, especially soccer, beach volleyball and rock 
climbing [11–14]. Nevertheless there are not many studies 
available dealing with this topic and exact numbers are fre-
quently missing. The different kind of sports are described 
in detail in the paragraph “Sports as a risk factor of 
Osteoarthritis” of this chapter.

 Pathomechanism of Osteoarthritis

Different risk factors independent from sports or trauma are 
well known for the development of OA including obesity, 
gender, genetics, hypermobility, crystal deposition or joint 
specific factors like axis deviation and of course age [15, 16]. 
The pathogenesis of OA is complex and usually multifacto-
rial. Both biomechanical and biological factors can trigger 
OA with the result of cartilage loss, and subchondral bone 
remodelling. Conventional radiography detects osteosclero-
sis, joint space narrowing and osteophytes which usually 
occurs at a later stage of OA. Earlier, MRI shows cartilage 
loss and bone marrow edema.

In the animal knee model, subchondral bone remodeling 
occurs as early as four weeks after meniscectomy [17]. 
Synovitis is regularly encountered in osteoarthritic joints. 
Both synovial fluid and intraarticular adipose tissue develop 
a proinflammatory cytokine environment [18]. In patients 
with knee OA, synovial proliferation correlates with radio-
logical and clinical progression [19]. The pathogenesis of 
posttraumatic OA depends on the type of sport. High impact 
sports injuries often lead to direct cartilage damage with sub-
sequent bone bruise. Global gene expression in chondrocytes 
typically is activated after trauma, which leads to an increased 
expression of inflammatory cytokines cartilage-degrading 
proteinases reactive oxygen species (ROS) [20]. More fre-
quently than high impact injuries, sport injuries lead to liga-
ment injuries such as ankle instability or also ACL rupture 
with subsequent joint instability. Joint instability per se is 
associated with cartilage damage [21]. Joint instability is of 
notable importance in the pathogenesis of ankle OA as the 
ankle is a highly congruent and exposed to high mechanical 
load (Table 9.1) [23].

In the model of ACL injury, inflammatory biomarkers 
along with increased collagen turnover are observed at 
higher levels in synovial fluid compared to the non-affected 
knee [24]. This indicates that low grade inflammation is sub-
stantially involved in the pathogenesis of posttraumatic 
OA. Subchondral bone remodelling includes an increased 
porosity of the underlying bone which leads to interaction 
between subchondral trabeculae, bone marrow cells and car-
tilage [25]. The contact with inflammatory synovial fluid and 
bone marrow also occurs in subchondral bone lesions. The 
result of this is bone resorption with bone marrow edema, 
angiogenesis and increased osteoblast activity shown by 
SPECT-CT imaging [26]. Uncoupled subchondral bone for-
mation is typically observed in OA. This is characterized by 
an initial reduction of bone density [17] due to increased 
osteoclast activity. Subsequently neoangiogenesis along 
with woven bone formation occurs, resulting in a thickening 
of the subchondral plate. TGF-beta expression seems to be of 
paramount importance in OA-induced bone formation [27]. 
The strong involvement of osteoclasts might explain why 
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bisphosphonates or strontium ralenate have shown success in 
the treatment of OA [28]. Inflammatory cells, notably in 
form of macrophages are observed in the synovial tissue but 
also in the subchondral bone (unpublished data). Thus, the 
induction of inflammation as early osteoarthritic event e.g. 
by overuse or mechanical instability seems to be actively 
involved in the pathogenesis of OA. Likewise, in endurance 
sports such as marathon runners, MRI before and directly 
after the race shows in the knee model joint effusion and 
meniscal impairment but no cartilage damage or subchon-
dral bone edema [29]. Unlike in long distance runners, sub-
chondral bone remodeling rather occurs after continuous 
mechanical impairment or overuse and is associated with 
meniscal damage [30]. Similarly, cartilage damage is not 
necessarily the first sign of OA. In early knee OA, delayed 
gadolinium- enhanced MRI of cartilage (dGEMRIC) shows 
that after 12 months a decrease of proteoglycan content actu-
ally is associated with an increase in cartilage thickness in 
the medial compartment. This shows that OA is a bi- or mul-
tiphasic rather than a linear disease with a plethora of biome-
chanical and biological factors leading to inflammation, 
cartilage damage and subchondral bone remodeling.

 Muscles and Osteoarthritis

Muscles play an important role in joint biomechanics and 
impaired joint biomechanics may lead to OA [31]. Several 
studies have investigated the effect of muscular weakness on 

joint degeneration [32–36]. Most of the studies deal with OA 
at the knee and strength of the quadriceps muscle. Herzog 
et al. showed that even a short period of muscular weakness 
for 4 weeks may be a risk factor for developing OA in a rab-
bit model [37]. Valderrabano et al. showed that reduced calf 
circumference and reduced mean electromyography fre-
quencies in lower leg muscles are directly related to OA at 
the ankle joint, which is hypothesized by the pathomecha-
nisms of arthrogenic muscle inhibition and disuse muscle 
atrophy [38]. A follow up study by Wiewiorski et al. with 
magnetic resonance imaging (MRI) analysis of lower leg 
muscle cross sectional size in patients with unilateral OA at 
the ankle showed that the atrophy was mainly found in the 
soleus muscle but all muscles of the lower leg showed fatty 
degeneration compared to the healthy side [39].

The connection between muscular weakness and even 
muscular atrophy and OA is often reported in current litera-
ture. This might be due to different reasons, like pain and 
accompanied physical immobilisation with decrease of 
activities, but might also be age related sarcopenia. Genetics 
and gender might also play a role [1, 16, 40, 41].

Muscular weakness and atrophy have been reported to 
occur even before OA becomes symptomatic [33]. Regardless 
of the cause, muscle weakness and atrophy is related to OA 
and the question is if muscular exercise can prevent the 
onset, and muscular reconditioning can stop the progression 
of OA. A further question of interest is to determine which 
kinds of sports have a negative and which kinds have a posi-
tive influence on OA.

Table 9.1 Etiology of ankle osteoarthritis

Etiology group

Distribution

Number of ankles (number of 
patients)

Percentage
Number of male/femalesa

Posttraumatic osteoarthritis 318 (313) 78 157/161

  Malleolar fracture (AO fracture type 44) 157 (157) 39 63/94

  Ankle ligament lesions 65 (60) 16 44/21

  Tibial plafond fracture (AO fracture type 43) 58 (58) 14 29/29

  Tibial shaft fracture (AO fracture type 42) 20 (20) 5 10/10

  Talus fracture 9 (9) 2 5/4

  Severe combined fracture 9 (9) 2 6/3

Secondary osteoarthritis 52 (46) 13 27/25

  Rheumatoid 22 (19) 5 5/17

  Hemochromatosis 11 (9) 3 8/3

  Hemophilia 6 (5) 1 6/10

  Clubfoot 4 (4) 1 2/2

  Avascular talus necrosis 3 (3) 1 3/0

  Osteochondrosis dissecans 3 (3) 1 1/2

  Postinfectious arthritis 3 (3) 1 2/1

Primary osteoarthritis 36 (31) 9 25/11

Total 406 (390) 100 209/197

From Valderrabano et al. [22], with kind permission from Springer Science and Business Media
aAssociation between gender and etiology: chi square (13) = 38.979, p < 0.001
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 Sports as a Risk Factor of Osteoarthritis

Sports can have a positive or negative effect on the develop-
ment or progression of OA at the joints of the lower extremity. 
Concerning the ankle joint not much literature can be found. 
Most of the studies deal with OA at the knee and hip joint. 
Especially endurance running, soccer and track and field have 
been investigated concerning the risk of development of pre-
mature OA at the lower extremity joints. It is important to 
point out that there are significant differences between per-
forming sports at an amateur or professional level.

In soccer several studies showed that the risk of OA at 
the knee and hip is up to three times higher in professional 
athletes than in amateurs [42, 43]. Comparing amateur soc-
cer players to non-sporting control groups there can be seen 
a higher prevalence of OA in amateur soccer players, but 
the difference is not significant [42, 43]. Injury plays an 
important role in the risk of development of OA as men-
tioned above. Soccer ankle with anterior osteophytes can 
be seen as a pre-osteoarthritic condition, similar to hip 
impingement. Iosifidis et al. found that former elite soccer 
player have a higher risk of ankle OA compared to the gen-
eral population, clinically as well as radiologically [12]. 
Similar result are reported by Gouttebarge et al. who found 
ankle OA in 12–17 % in former elite soccer players [13]. 
Armenis et al. also found a higher prevalence of ankle OA 
in former soccer players in X-rays, but they did not com-
plain about more pain than the persons in the matched con-
trol groups [44].

In former Volleyball Players a high prevalence of ankle 
OA can be found due to recurrent ligamentous injuries. Gross 
et al. found a prevalence of 86.4 % in former elite volleyball 
players, compared to 10.5 % in the control group [11].

In long distance running no signs of premature OA at the 
ankle, as well as at the hip and knee joints, was found by 
Konradsen et al. [45].

Roos et al. showed that the prevalence of knee OA in not 
injured non elite players was 3 % compared to a rate of 13 % 
of OA in the non-elite player with an injured knee, mostly 
menisceal lesions and ACL ruptures [43]. Nevertheless in 
professional athletes without a severe knee injury in their 
career radiological signs of OA were more frequent (11 %). 
In conclusion in non-elite players with no reported trauma 
the prevalence of knee OA is not significantly higher than in 
the control groups, but elite players show a higher rate of 
knee OA despite no trauma [43]. The reason might be a high 
incidence of unrecognized microtraumata in the more com-
petitive elite than in amateur athletes.

Elleuch et al. and Armenis et al. showed that despite of 
more radiological degeneration at the joints of the lower 
extremity in professional soccer players they do not suf-
fer from more pain [44, 46]. The reason is not proven 
yet, a possible explanation could be the better muscular 

stabilization in professional athletes because of more fre-
quent sporting activity even after finishing their profes-
sional career.

Despite no negative long term effects are proven yet, there 
seems to be the need of joints to adapt to the stress of endur-
ance running. In an MRI study Hohmann et al. showed the 
effect of marathon running on hips of runners who are not 
used to endurance sports [47]. After the race 6 of the 7 unex-
perienced runners had a joint effusion, compared to none of 
experienced runners. So there seems to be an adaptation to 
the strain which occurs at the hip joints in long distance run-
ning. The exact mechanism of adaptation is unclear [47]. 
Krampla et al. also showed that there are no negative effects 
in experienced recreational sportsmen in MRI scans of the 
knee before and after competing in a marathon race [48].

In athletes taking part in track and field sports a big varia-
tion of OA prevalence is found due to the different move-
ment patterns and different amount of stress on the lower 
extremity joints [49–51].

Overall there is a higher prevalence of OA at the hip and 
knee joints compared to non-sporting control groups, but as 
in soccer the former athletes do not suffer from more pain 
or impaired function in the activities of daily life [49, 51]. 
Concerning the ankle limited data is available. Schmitt 
et al. found an equal risk of ankle OA in former elite high 
jumpers compared to a non-sporting, matched control 
group [50].

In rock climbing Schöffl et al. found a high incidence of 
hallux rigidus and valgus [14], assumably due to the 
increased stress load to the forefoot. Hallux valgus can be 
found in 34 % of all climbers, compared to 4.5 % in the age 
matched general population, concerning Hallux rigidus no 
exact numbers are available.

In general, sports as a recreational activity does not seem 
to be a risk factor for the development of premature OA, but 
professional sports and trauma have a negative influence. 
The affected joints are hip, knee, ankle, shoulder and elbow. 
With trauma as an acknowledged risk factor for the 
 development of OA this might be a possible explanation due 
to unrecognised microtraumata which are likely to occur 
more often in elite athletes.

Nevertheless, despite of a higher rate of radiological OA 
in joints elite athletes over all do not suffer from more limita-
tions in the daily life than the average population. This sup-
ports the theory that there is a positive influence of joint 
stabilization by muscular strength on pain, stiffness and 
function on arthritic joints.

Compared to elite athletes with higher rates of radiologi-
cal OA, in the amateur level with assumable less competition 
und less injuries the rates of OA are similar to the general 
community but the athletes report from less symptoms. In 
conclusion sports does not seem to be a risk factor when per-
formed at an amateur level.

T. Schlemmer et al.



93

 Sports as Prevention and Treatment 
for Osteoarthritis

The idea of treating OA by sporting activity relies on the 
theory of muscular weakness in the elderly (sarcopenia) and 
the influence on the joint with decreased stability and as a 
consequence pain and rapid progression of OA. Due to lim-
ited physical potential caused by higher age and possible 
comorbidities in the elderly not every kind of sports is 
suitable.

In conclusion of this, and the assumption that so called 
“low impact sports” like swimming, cycling and walking 
have a positive effect on established OA in most studies that 
with these kinds of sports (Table 9.2).

In stationary cycling a benefit can be found in gait speed, 
pain, stiffness and quality of life [52]. The intensity of the 
cycling exercises does not seem to have an influence on the 
amount of the positive effect on OA [53].

Training in water has the benefit that a longer duration 
of exercise sessions is possible due to less pain caused by 
less weight on the joints, especially in obese patients. Pain 
relieve was reported up to 100 % compared to land based 
exercises [54], highest pain relieve was found directly 
after the training sessions [55]. In a Cochrane review 
Bartels et al. shows that pain relieve is the most important 
and significant factor in water based over land based exer-
cise [56]. In functional results there is a discrepancy 
between different studies, so no clear evidence can be 
found [56]. Because of longer training sessions an addi-
tional effect on the cardiovascular fitness level might be a 
positive side effect.

Furthermore it is easier to keep balance in the water which 
might be an important factor in the elderly.

Yoga and Tai Chi are sports suitable for patients of every 
age due to a high variation of exercise types. Compared to 
conventional physiotherapy Ebnezar et al. found significant 
better results in yoga concerning resting pain and morning 
stiffness in patients with OA at the knees [57]. Similar results 
were found by Kolasinski et al. [58] and Cheung et al. [59]. 
Cheung et al. points out the importance of guided sessions to 
provide frequent exercising [59].

In Tai Chi same results were found concerning the effect 
at the knee [60–62]. No studies dealing with OA at the ankle 
are available.

In general, no long term effects of sports as a treatment of 
OA are known, maximum follow up periods in the men-
tioned literature was 20 weeks. No adverse effects were seen 
in these therapies.

 Level of Evidence

Most of the studies dealing with different kind of sports are 
prognostic evidence Level II studies. Some important state-
ments of this chapter are mentioned here:

• In soccer players a higher rate of osteophytes are seen 
compared to the general population but not more pain or 
restriction in daily life [44].
(Prognostic Level II)

• In beach volleyball frequent ligament trauma can lead to 
higher rates of OA at the ankle joint [11].
(Prognostic Level II)

• Rock climbing can lead to OA at the forefoot due to 
increased stress load [14].
(Prognostic Level II)

• Long distance running does not lead to premature OA at 
the lower limb, even when participated over decades [45].
(Prognostic Level II)

 Summary

• Despite of higher rates of radiologically diagnosed OA, 
athletes do not suffer from more impairment due to OA in 
daily life compared to non-sporting control groups; this 
might be due to a higher muscular stability, which seems 
to be an important factor in the development, prevention 
and cure of OA.

• Risk factors for the development of OA due to sports is a 
professional career and trauma involving joints.

• Moderate sports at an amateur level can have the potential 
to prevent and treat OA in a cost effective and easily 
accessible way with little negative side effects.

• Some sports like for example soccer, beach volleyball and 
rock climbing who involve either a high risk of injury or a 
high stress level to the ankle and forefoot have a high risk 
for development of OA.
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Sports in Children and Young Age

Bernhard Speth and Carlo Camathias

Abstract

Children and adolescents are becoming more involved in sports at earlier ages and with higher 
levels of intensity. Sports-related foot and ankle problems are the second most common mus-
culoskeletal problem in children and adolescents next to acute injury. Due to the changing 
biomechanic properties of muscles, tendons, and bones during growth and maturation the 
injuries and their treatment in children are different from those in adults. This chapter gives an 
overview of common sports-related foot injuries in this age group. It illustrates common acute 
injuries, overuse injuries, and growth-related problems as well as their prevention.
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 Introduction/Epidemiology

Physical exercise is a crucial factor towards a healthy devel-
opment at young age. Children and adolescents are becoming 
more involved in sports at earlier ages and with higher levels 
of intensity. Trainers, athletes, and parents place increasing 
demands on the growing body. Sports-related foot and ankle 
problems are the second most common musculoskeletal 
problem in children and adolescents next to acute injury [1, 
2]. At the age 11–18 sports is the most common cause of an 
injury. In a systematic review, the ankle was the most injured 
site in 24 of 70 included sports [2]. The incidence of ankle 
and foot injuries is highest in court games such as Football, 
Soccer, Volleyball, Handball, Basketball and racket sports.

Many of these injuries originate from an isolated trauma 
whereas overuse injuries are seen as a consequence of repeti-
tive microtraumas. The developing body passes through dif-
ferent phases of growth and maturation. During that time 
there is a higher susceptibility to injury due to stress on the 
physes, the apophyses, and the growing cartilage.

Growth and maturation also alter the biomechanic proper-
ties of muscles, tendons, and bones. Therefore, they have a 
potential influence on the dynamic interplay between muscle 
and bones. This interplay also affects the musculoskeletal 
balance needed for complex motor skills in certain sports 
and potentially leads to injury and overuse.

The health-promoting benefit of sports depends on a 
proper balance between stress and regeneration which should 
be considered in training and competition.

The treatment of many sports-related injuries of the pedi-
atric foot such as ankle sprains, anterior ankle impingement, 
tendinitis and plantar fasciitis correspond to that of adults. 
These issues are dealt with in the corresponding chapters of 
this book. The problems that are specific to the pediatric foot 
are covered in this chapter.

 Injury Patterns in the Young Athlete

Injuries of the foot and ankle can be subdivided in acute inju-
ries, growth-related problems and overuse injuries. Within 
this differentiation these injuries may be assigned to a par-
ticular anatomical location in the ankle, hindfoot, midfoot or 
forefoot (Table 10.1).
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Intrinsic and extrinsic factors need to be known when 
dealing with these injuries and its prevention. Intrinsic fac-
tors include anatomical considerations, gender, development 
and growth [2]. The growing skeleton is susceptible to injury 
due to growth cartilage at 3 locations: the epiphyseal plate, 
the joint surface, and the apophysis [3]. Growing cartilage 
and open physes are vulnerable to stress, children may not 
have the complex motor skills needed for certain sports until 
the puberty.

The extrinsic factors include training errors, shoe wear 
and equipment, running surface, long distance, and speed 
running [4, 5].

 Acute Injuries

 Ankle Sprains

Ankle sprains are the most common injury in a pediatric- 
orthopedic emergency department. Compared to adults less 
often the ankle sprain results in a ligamentous injury whereas 
bony avulsions and injuries to the physes are more common 
in children. When the Ottawa Ankle Rules are applied unnec-
essary exposure to x-rays can be avoided [6]. According to 
these guidelines, an x-ray of the ankle is indicated for the 
patient that (1) feels bone tenderness in the malleolar zone 
and the posterior edge of the tibia/fibula, or at the tip of the 
malleoli, or (2) could not weight bear four steps after the 
injury, and in the emergency department. According to these 
rules bone tenderness at the navicular or the base of the fifth 
metatarsal indicates an x-ray of the foot.

The radiographic interpretation of the growing skeleton 
requires specialized knowledge which allows differentiating 
between physiologic and pathologic anatomy.

After exclusion of a fracture, conventional treatment is 
the preferable treatment strategy [7, 8]. The initial treatment 
includes the early use of RICE (rest, ice, compression, eleva-
tion). In addition to early motion and mobility, maintaining 

the range of motion, and using an ankle support are recom-
mended. In cases of complete ligamentous tears, chronic 
instability, and syndesmotic injury a surgical intervention 
may be required.

 Fractures

There is a multitude of anatomic variations in the growing 
foot that make it difficult to distinguish between a patho-
logic and a physiologic finding. A thorough understanding 
of the relevant anatomy is essential towards the diagnosis 
and treatment of these fractures. Accessory sesamoids/ossi-
cles (Fig. 10.1) and the physes may be mistaken for a frac-
ture [9]. Common ossicles mistaken for avulsion fractures 
are: Os tibiale externum (the proximal medial aspect of the 
navicular), Os peroneum (lateral border of the cuboid), Os 
trigonum (posterior aspect of the talus), Os vesalium (base 
of the fifth metatarsal. Accessory Navicular/Os tibiale exter-
num. The accessory navicular or Os tibiale externum is one 
of the most common causes for medial foot pain in the 
growing athlete. The incidence is reported in a range of 
5–10 %.

The growing bone shows different biomechanic properties 
than adult bone. These differences help to explain the differ-
ences between adult and pediatric fractures. The immature 
bone has a higher healing potential and a greater remodeling 
capacity. This potential is the basis for the larger number of 
conservative treatments in children compared to adults.

The strength of ligaments and tendons compared to the 
strength of bone is relatively higher than in adults. This 
explains why in children tendons and ligaments tend to show 
avulsions of their osseous, chondral, or periosteal insertions 
rather than ligament tears.

An apparent difference in the developing foot is the pres-
ence of growth zones. The epiphyseal plates show a dimin-
ished resistance towards shear, and bending moments.

Most pediatric fractures heal without permanent defor-
mity. Potential complications include those seen with adult 

Table 10.1 Common Ankle and Foot Injuries of the pediatric athlete

Ankle Hindfoot Midfoot Forefoot

Acute injuries Sprains
Fractures
Tillaux fractures
Triplane fractures
Osteochondritis dissecans

Calcaneal fractures
Talus fractures

Lisfranc Injury Fifth metatarsal 
avulsion fracture
Jones fracture

Growth-related 
problems

Medial malleolus 
ossification center

Talocalcaneal coalition
Os trigonum

Calcaneonavicular coalition
Accessory navicular

Overuse injuries Anterior ankle impingement Calcaneal apophysitis
Plantar fasciitis
Tendinitis

Navicular stress fracture
Osteonecrosis of the navicular

Apophysitis of the fifth 
metatarsal
Metatarsal stress 
fractures
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fractures. However, a small percentage is complicated by 
growth arrest and subsequent deformity that result from phy-
seal damage.

In children, the mechanism of trauma is often unknown. 
Therefore, using classifications based on the mechanism of 
trauma such as the Lauge-Hanson classification can not be 
applied to children. In fractures with physeal involvement 
the Salter-Harris and Aitken classifications are the most 
common. At the level of the ankle, avulsion fractures can be 
distinguished from physeal fractures.

 Distal Tibial Transitional Fractures

 Two/Triplane Fracture
In the transition to skeletal maturity, there are short periods dur-
ing which children are susceptible to fractures involving the 
closing distal tibial physis. An external rotating force may lead 
to Triplane and Tillaux fractures. These fractures are too com-
plex to be classified with the abovementioned classification sys-
tems. The triplane fracture is composed of two, three, or four 
parts, and with fracture lines in three different planes (Fig. 10.2).

• Two planes: one plane in the epiphysis, the other in the 
physis

• Triplane I: three planes, like a Two-plane with an addi-
tional third plane in the metaphysis

• Triplane II: three planes, like Triplane I with additionally 
continuation of the metaphyseal fracture through the phy-
sis, and epiphysis (intraarticular fracture)

 Tillaux Fracture
Tillaux fractures appear as Salter-Harris III fractures of the 
distal tibia involving the tibial epiphysis. These fractures 
may occur in adolescents (age 12–14 years) in the period 
during the closure of the distal tibial epiphysis. The closing 

of the tibial epiphysis follows a predictable pattern with the 
anterolateral physis closing last. The trauma mechanism 
usually is a forced external rotation of the foot or an inter-
nal rotation of the leg on the fixed foot. This maneuver 
leads to a bony avulsion of the anterior inferior tibiofibular 
ligament.

Recognizing transitional fractures is of great importance 
because they involve a major weight-bearing articular sur-
face. A residual deformity in the articular surface can lead to 
premature degenerative arthritis. In addition to standard a.p. 
and lateral radiographs internal oblique projection (Mortise 
view) and CT aid in the optimal assessment of these frac-
tures and to determine the need for closed vs. open treat-
ment. The aim of the therapy is to establish normal joint 
congruity. A residual deformity a potentially causes early 
degenerative arthritis. In most cases closed reduction is suf-
ficient to restore congruity of the joint. In those cases where 
a displacement of >2 mm of the articular surface remains, 
open reduction is usually required to adequately restore the 
articular surface [10].

 Osteochondritis Dissecans of the Talus

Osteochondritis dissecans of the talus (OCD), i.e. a osteo-
chondral lesion of the talus, is analogous to that found in 
other anatomic locations. It is characterized by necrotic 
bone underlying articular cartilage. OCD may be the 
sequelae of a traumatic incident (eversion/inversion) or be 
associated with chronic pain, hind-/midfoot malalignment, 
and ankle instability. Pain, swelling, instability and a history 
of repetitive strains are signs and symptoms related to 
OCD. Blocking of the joint as well as limitation of the range 
of motions can also occur. Sometimes these lesions not easy 
to see on conventional x-rays, and can only be visualized in 
additional MRIs. This modality sometimes aids to judge the 

Os intermetatarseum 0.2%

Os trigonum 2.3%

Os supratalare 0.2%

Os supranaviculare 1.6%

Os vesalianum 0.4%Os peroneum 4.7%

Accessory navicular 11.7%

Fig. 10.1 Schematic illustration showing the 
accessory ossicles of the ankle and the foot region and 
their incidence [9] (Reprinted with kind permission 
from Springer Science and Business Media: Coskun 
et al. [9])

10 Sports in Children and Young Age



100

Fig. 10.3 Osteochondritis 
dissecans in a 16-year old patient 
after repetetive ankle trauma in 
skateboarding. (a) Conventional 
x-rays clearly show the osseous 
part of the lesion. (b) MRI offers 
additional information on the 
integrity of the cartilage and 
vitality of underlying bone

Fig. 10.2 Triplane II-Fracture in 
a 14-year old patient who 
sustained a contusion of the ankle 
during football. The coronal 
plane of the CT-scan (a) shows 
two and the sagittal plane (b) the 
third plane of the complex 
fracture

integrity of the articular cartilage, the extent, and possible 
displacement of the lesion (Fig. 10.3).

An OCD can be classified based on the system described 
by Berndt and Harty [11]: Type I lesions are non-displaced. 
Type II lesions are partially detached. Type III lesions are 
detached but not displaced. Type IV lesions are detached and 
displaced or rotated.

The treatment of an OCD is discussed controversially. 
Non- operative treatment has been recommended as the treat-
ment of choice in children. For Type I lesions are immobilized 
for 4–8 weeks followed by modified activity and protected 

weight bearing for 2–3 months; corrective insoles may fol-
low. In OCD > Type II, or if there is no symptomatic and 
radiographic improvement surgery may be indicated. 
Because of the potential instability of the osteochondral 
fragment drilling alone in most cases seems not be suffi-
cient. Additionally, the fragment should be stabilized 
arthroscopically or by an arthrotomy with screw fixation, 
sometimes even through a malleolar osteotomy. The treat-
ment of OCD can be very tedious. During the treatment, 
sports are prohibited. The patient may benefit from tempo-
rary casting.
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 Metatarsal Fractures

The incidence of metatarsal physeal fractures is about 2 % 
[12]. The mechanism of injury may be either direct or indi-
rect. Single metatarsal fractures are usually minimally dis-
placed, so that conservative treatment can be applied. 
Multiple metatarsal fractures potentially lead to instability 
which requires temporary K-wire fixation. Before their treat-
ment compartment syndrome of the foot should be ruled out. 
In children older than ten years fractures of the base of the 
fifth metatarsal are very common. In contrast to apophyseal 
fractures the fracture in these cases is perpendicular to the 
metatarsal bone, and only requires operative treatment in 
cases with a high degree of displacement.

 Phalangeal Fractures

In the majority of phalangeal fractures, the hallux is affected. 
Transphyseal fractures of the base of the first phalanx and 
compression fractures are rare. Closed fractures rarely 
require reduction. Diaphyseal fractures typically can be 
treated conservatively with buddy-taping and weight bearing 
as tolerated. Fractures involving, the articular surface (gap 
>2 mm) or transphyseal fractures with marked displacement 
are associated with a higher risk of growth arrest, angular 
deformity, and early arthritis. In these cases closed reduction 
and pinning should be considered.

 Overuse Injuries/Growth-Related Problems

Most overuse injuries in the young athlete are caused by the 
overuse of the muscle-tendon unit. During the growth spurt, 
the long bones outgrow the muscle-tendon units, which is 
thought to place excess stress on the tendon–bone junction 
[4, 13–15]. Open physes and muscle inflexibility predispose 
for overuse injuries. Longitudinal bone growth is faster than 
muscle and soft tissue growth. This may lead to an increased 
pull of tendons on the apophyses. Tendinitis, bursitis, apoph-
ysitis, plantar fasciitis and stress fractures are typical overuse 
injuries in the foot of young athletes.

Most of these injuries can be managed conservatively. 
Their treatment is similar to those in adults and is covered in 
the corresponding chapters.

 Apophysitis of the Calcaneus (Sever’s Disease)

Sever’s Disease is one of the most common causes of heel 
pain in adolescent athletes. The condition has been reported 
with an incidence of 3.7 per 1000 patients, affecting children 
between 8 and 12 years of age [16]. Overuse with repeti-

tive microtraumas of the apophysis, the growth plate, and 
the calcaneus is held responsible for this overuse, condi-
tion. Furthermore, muscle inflexibility, heel cord tightness, 
and overpronation have been associated with calcaneal 
apophysitis. This growth-related injury shows bilateral 
involvement in 60 % of the cases and usually limits itself at 
the end of growth [17].

Although the term “apophysitis” suggests an inflamma-
tory process underlying the problem, an MRI study found 
bone bruising and structural changes within the trabecular 
bone of the metaphyseal region adjacent to the calcaneal 
apophysis. This change suggests that the apophysitis may be 
a metaphyseal trabecular stress fracture of the developing 
bone rather than an inflammatory process [18].

Patients usually present with activity-dependent heel pain 
at the posterior aspect of the calcaneus. The medial and lat-
eral calcaneus may be painful on compression. Plain radio-
graphs play a limited role in diagnosing a calcaneal 
apophysitis since they do not have a direct consequence on 
the treatment regimen [19].

Treatment is always conservative. Temporary immobili-
zation, analgesics, restricted weight bearing, reduction of 
sports activity, and physiotherapy with emphasis on heel 
cord stretching are therapeutic measures that might be incor-
porated in the treatment. Viscoelastic heel pads for shock 
absorption and reduction of stress have been shown to be 
helpful [17].

 Stress Fractures

Stress fractures in athletes occur as a result mechanic over-
load. In these cases, a healthy bone is unable to withstand 
constant, submaximal, repetitive loads. A rapid increase in 
the duration and intensity of training predisposes the meta-
tarsals to overload. The typical location for stress fractures 
in adults are the tibia (49 %), followed by the hindfoot 
(25 %), the metatarsals (9 %), Femur (7 %) and fibula (6 %) 
[20]. In children stress fractures mainly occur in the proxi-
mal tibia or the metatarsals. The second metatarsal is most 
prone to overload followed by the first, third, fourth and 
fifth. Stress fractures are mainly located in the diaphysis or 
the metaphysis

Patients with stress fractures present with activity-related 
pain 2–3 weeks after a rapid increase of training. Conventional 
radiographs may not show any alterations in diaphyseal 
stress fractures up to 24 weeks. In many cases 2–3 weeks 
after the onset of symptoms a periosteal reaction may be 
seen radiographically. It is important to emphasize that a 
stress fracture in a child may resemble an infective or malig-
nant condition [21]. In those cases where stress fractures 
cannot be safely distinguished from an infective or malig-
nant condition, MRI or CT is recommended.
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Treatment is conservatively in most cases and consists in 
the restriction from sports activities, anti-inflammatory 
medi cation, and immobilization with a stiff sole or cast. 
Since compliance may be restricted in very active young 
patients, treatment may be facilitated by immobilization in a 
cast for 4–6 weeks.

Re-injury is related to the development of chronic pain. 
Therefore, prevention plays a crucial role in the avoidance of 
these injuries. Chronic overuse injuries in young athletes may 
be related to limited recovery time from competitive sports and 
intense training [22]. Sports-specific motion sequences should 
be systematically trained in age-adapted exercises. At early age, 
basic training in varying sports activities should be propagated 
instead of specializing too early for a sport which might lead to 
an early selection towards high-level sports activity.

 Tarsal Coalition

A tarsal coalition is a fibrous, cartilaginous or osseous fusion 
between two tarsal bones (Fig. 10.4). In the majority of cases, 
the tarsal coalition is a congenital anomaly. However, tarsal 
coalition can also be acquired secondary to trauma. The over-
all incidence is about 1 % [23]. The calcaneonavicular (53 %) 
and the talocalcanear coalition (37 %) are the most common 
types followed by the talonavicular, calcaneocuboidal and 
naviculocuneiform types [24]. Besides these isolated forms, 
there are multiple forms which may be associated with com-
plex syndromes such as Apert syndrome or longitudinal 
deformities for example. Not everybody with a coalition is 
symptomatic. However, it often becomes symptomatic in 
adolescent athletes. Recurrent ankle sprains not responding to 
conventional therapy should trigger the search for a tarsal 
coalition [4].

 Prevention

The prevention of pediatric sports injuries is as important as 
its treatment. Prevention means avoiding not only acute and 
overuse injuries but also avoiding adverse long-term effects 
of sports. The development of fundamental physical skills 
like running, jumping and landing depends both on matura-
tion and practice [2, 25].

Athletes at a young age have different risk factors for 
injury than adults. Training should be seen in the context of 
the individual, age-dependent stages of physical and psy-
chological development. Parents and coaches can reduce 
the risks for injuries and overuse by a critical selection of 
appropriate sporting events, by applying training patterns 
which are constructed to allow for regeneration and repair,  
by the supply of suitable sports gear and by promoting of 
fair play.

 Evidence

The composition of this chapter is based on the best level of 
evidence available. As an entity its level of evidence is 
grade IV.

 Summary

• Growth and maturation alter the biomechanic properties 
of muscles, tendons, and bones. During that time there is 
a higher susceptibility to injury due to stress on the phy-
ses, the apophyses, and the growing cartilage.

• The radiographic interpretation of the growing skeleton 
requires special knowledge which allows to differentiate 
between physiologic and pathologic anatomy.

• In the young athlete, the strength of ligaments and tendons 
compared to the strength of bone is relatively higher than 
in adults. Tendons and ligaments tend to show avulsions 

Fig. 10.4 Talocalcanear coalition in a 14-year old patient
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of their osseous, chondral, or periosteal insertions rather 
than ligament tears.

• In the transition to skeletal maturity, there are short peri-
ods during which children are susceptible to fractures 
involving the closing distal tibial physis. Recognizing 
transitional fractures is of great importance because they 
affect a major weight-bearing articular su-rface.

• The prevention of pediatric sports injuries is as important as 
its treatment. The health-promoting benefit of sports depends 
on a proper balance between stress and regeneration. This 
should be considered in training and competition.
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Sports in Seniors

Krit Prugsawan and Monika Horisberger

Abstract

Nowadays there is an increase in the number of people, including middle and elderly ages, 
who are interested in sport games. This is especially those who expect to maintain their 
active life. However a concern is whether aging inherently causes structural capacity and 
functional alteration in the human body. One assumption is aging probably make sport 
seniors more prone to certain types of injuries. Understanding the anatomical and func-
tional change among seniors can make treatment and prevention of injury more effective.

The most common injuries in senior athletes are chronic overuse injuries that can reduce 
the flexibility and overall physical performance. Therefore, early diagnostics, conservative 
treatment, avoidance prolong immobilization and compensatory training programs will 
minimize disuse-associated loss of general fitness during treatment periods.

Keywords

Senior sports • Elderly athletes • Structural and functional alterations • Sport injuries • 
Chronic overuse injuries • Foot and ankle problems

 Introduction

Due to higher life expectancy and improved health care the 
number of sports active elderly people in senior sports is 
increasing in developed countries and our society. This 
increasing activity of a large number of people is e.g. 
reflected in an ever increasing number of international 
tournaments in various sports disciplines which adapt to 
this new tendency and offer special competitions for 
elderly people, as e.g. the “National Senior Games 
Association” (www.nsga.com) in the USA. However, 
despite more and more elderly people in good health able 
to be active in many disciplines, aging inherently causes 
structural and functional alterations [1–6] in the human 

body that might make elderly sports people more prone to 
certain types of injuries [5, 6]. Understanding the anatomi-
cal and functional change among seniors can support the 
effectiveness of treatment and prevention of injuries in 
order to maintain function and increase health and longev-
ity in this population.

 Musculoskeletal Changes in Geriatrics

 Skeletal Muscle

Aging leads to morphological degeneration and declined 
function of skeletal muscle. After 30 years of age, the peak 
muscle strength is decreasing 15 % per decade, and 30 % per 
decade after 70. Decreasing numbers of motor neurons, 
increasing collagen content and fat infiltration and progres-
sive muscle denervation leads to a decrease in muscle 
strength [7–9]. The precise mechanism of decreased muscle 
strength has been argued. Kaplan et al. [7] found equal loss 
of type I and type II fibers, but Green [10] and Larsson [11] 
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found mainly a selective loss of type II fibers. On the micro 
scale, sarcopenia, decreased mitochondrial volume, 
decreased fiber size, and loss of muscle flexibility has been 
shown [1].

It is unclear to what extent such age related alterations can 
be prevented, however, it has been shown that resistance 
training exercise can in part reverse the loss of function by 
increasing connective tissue production, capillary blood sup-
ply, biochemical, oxidative capacities of muscle fibres and 
decreasing shrinkage of type II muscle fibers [12–16].

 Tendon and Ligaments

Also for tendons and ligaments, significant age related 
alterations have been found. Increasing age led to a 
decrease in blood supply, glycosaminoglycan composi-
tion, fiber compliance and collagen fibre bundle morphol-
ogy. Futhermore age- related decreasing in water content 
and increasing elastin fibril thickness contribute to connec-
tive-tissue stiffness [1]. This leads to abnormal stress and 
strain characteristics and might increase the vulnerability 
of tendons and ligaments in elderly people [17]. The flex-
ibility and range of motion of joints can decrease, a situa-
tion that can be even aggravated by inactivity in elderly 
people [2, 18].

 Bone Structure and Osteoporosis

Typical morphological alterations of bone are associated 
with aging. They impose specific risks for sports active 
elderly people. Over the years, mineral density is decreasing. 
However, this process is highly dependent on hormonal 
changes and is gender-specific. After age 50, men lose 
approximately 0.4–0.75 % of bone mass per year. In women 
bone loss already starts in their early 30s and accelerated in 
postmenopause to 2–3 % per year [19]. This hormonally 
influenced bone loss in aging athletes might be even more 
pronounced in former elite athletes which often have a his-
tory of activity-related irregular menstruation, sometimes 
even secondary amenorrhoea and thus hormonal induced 
bone loss at a far earlier age than normal [1].

According to several studies, regular moderate sports 
activities in elderly people help to minimize age related bone 
loss and might thus help to prevent osteoporosis. Sports 
activities, in particular endurance sports have shown to 
increase thickness, strength and calcium concentration as 
well as nitrogen and hydroxyl prolene levels in bone [3, 17, 
20, 21] On the other hand, if osteoporotic elderly get engaged 
in sports, they might be at increased risk of ostseoporotic 
fractures. Appropriate diagnostics and treatment of osteopo-
rosis in elderly who wish to be active in sports is therefore 
recommended.

 Articular Cartilage

Aging is related to a decrease in condroitin sulfate and less 
stability of cross-linkages collagen [7]. In case of lack of 
regular weight bearing, cartilage is subject of disuse atrophy 
and at last this might accelerate cartilage deterioriation [22]. 
Since regular moderate mechanical loading is necessary to 
maintain cartilage health, sports activities in elderly might be 
beneficial for cartilage and even joint function. In contrast, 
repetitive high impact loading can result in cartilage micro-
trauma and degeneration of the whole joint [1]. Futhermore 
repetitive mechanical loading can cause fatigue failure in 
chondrocyte and the cartilage matrix [23]. Horisberger et al. 
[24] shown that chondrocyte death was significantly 
increased in the loaded joint of the rabbit knee model. This 
leads to be one etiology for the onset of osteoarthritis.

 Physical Performance in the Elderly

Several studies in geriatric athletes demonstrated age-related 
decrease in physical performance [4, 25, 26]. Wright et al. [26] 
shown that physical performance decreased around 3.4 % per 
years over 35 years of competition. Performance was decreased 
slowly from age 50–75 years and significantly after age 75 
years. No difference in the decrease of the splint and endurance 
was detected in men. Contrary to women, the decreasing in the 
splint was greater than in endurance, especially after the age of 
75. However, if excluding the bias of diseases, genetic variants, 
disuse and destructive lifestyle such as smoking, elderly people 
can keep their physical performance for a long time.

 Sports Related Musculoskeletal Injury 
in the Elderly

Around 36 % of musculoskeletal problems in elderly athletes 
are related to the re-occurrence of orthopaedic problems that the 
athletes had suffered already previously. Mostly, these injuries 
happened during training and were related to fast movements. 
In walking and jogging between 14 and 57 % of these injuries 
occurred and were all located in the lower extremities [27–29]. 
Moreover Kannus et al. [30] shown the incidence of the other 
sports injuries were cross-country skiing 19 %, track and field 
sport 5 %, gymnastics 5 %, and tennis 5 %. These study shown 
that time taken to visit clinic in elderly athletes were 67 % in 
chronic phase (over 2 months), 21 % in subacute phase 
(1 week-2 months) and 12 % in acute phase (within 7 days).

 Acute Traumatic Injuries

In elderly athletes, acute traumatic injuries were less com-
mon than chronic overuse injuries [5, 30, 31].
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The most common injuries were muscle strains [32–35] 
which are the typical result of strength exercises [36]. Due to 
loss of tissue flexibility and age related degeneration, the 
ability of muscles to absorb energy in responce to excentric 
contractions declines. Treatment should be initialised as 
early as possible. As first, it follows the general rules of treat-
ment in soft tissue lesions (RICE: Rest, Ice Compression and 
Elevation). Then, it has to focus on avoiding prolonged 
immobilization in order to prevent further muscle atrophy. 
Physical therapy is helpful but generally has to be prescribed 
for a longer time period than in younger individuals [37]. 
Traumatic bony lesions, in particular fractures, are not com-
mon in elderly athletes despite age-related decrease in bone 
mass and strength. This might be because elderly athletes 
tend to be involved in less risky sports [30, 38].

 Chronic Overuse Injuries

The clinical symptoms of overuse injuries are non-specific. 
Kalimen et al. [32] found that more than on third of elderly 
male athletes with overuse injuries could not indicate a spe-
cific location of their symptoms. Females seem to be more 
prone to overuse injuries than male [27].

 Osteoarthritis
It is still controversial whether sports activity is detrimental 
to weightbearing joints. To date, it seems that moderate exer-
cise such as walking, biking, skiing, rowing does not increase 
the risk for osteoarthritis. In contrast, moderate activity is 
believed to improve joint hemostasis and health in general 
[7, 22, 37–39]. This is true not just in healthy elderly people 
but also in patients with moderate osteoarthritis of load bear-
ing joints [37]. More rigorous sports activities including 
heavy impact and torsional loading such as soccer, basket-
ball, baseball and rugby might increase the risk for osteoar-
thritis on the longterm view [39–43]. However, it is not 
totally clear whether it really is the heavier load that leads to 
degeneration or the increased risk of joint injury. Apart from 
joint loading during sports activities, of course many other 
factors such as genetics [43, 44], previous joint surgery, joint 
instability [45, 46], abnormal joint alignment, neurological 
deficit, obesity, poor muscle quality [43, 47], shoes, playing 
surface, the level of competition and rate, intensity, fre-
quency of impact loading joint can modify the individual risk 
for osteoarthritis in athletes [37].

 Stress Fracture
Stress fractures are typical overuse injuries of the foot. 
However, according to literature, their occurrence in elderly 
athletes seems to be little. Hulkko et al. [48] report on 368 
stress fractures of which 5 cases were seen in athletes over 
50 years of age. Due to osteoporosis, bone size, hormones, 
nutrition and biochemistry, women have a 1.5 to 12 times 

increased risk for stress fractures compared to men [49, 50]. 
Given the much higher rate of osteoporosis in elderly women 
compared to men one would expect the majority of stress 
fractures in this age group to occur in women. However, no 
literature could be found on this. Vitamin D deficiency cor-
relates with the incidence of stress fractures and should 
therefore be substituted in elderly athletes [51]. A careful 
training schedule with slow increase in intensity as well as 
vitamin D and Calcium supplementation in elderly sports 
active individuals help to prevent stress fractures. If symp-
toms occur that could be related to an incipient stress frac-
ture, training should be discontinued and adequate imaging 
diagnostics should be initiated.

 Foot and Ankle Problems in Sport Active 
People

 Achilles Tendon Problems
Achilles tendon problems occur most often in sport active 
people and involved mostly in running sports. Some studies 
show that the annual incidence of Achilles tendon disorder is 
7–9 % in high- level runners [52–54]. And reported the most 
common problem in competitive athletes are paratenonitis, 
around two-thirds and insertional problems, one-fifth. The 
remaining problems are tendinopathies.

 Posterior Tibial Tendon Dysfunction (PTTD)
The epidemiological studies [55, 56] show that there is a 
higher prevalence of posterior tibial tendon dysfunction in 
women than men and it might increase with age. Gatzoulis 
et al. [57] reports that the prevalence of posterior tibial ten-
don dysfunction in women over the age of 40 was 3.3 %.

Posterior tibial tendon dysfunction can cause medial 
hindfoot pain and swelling. Some patients may have lateral 
hindfoot pain, secondary to impingment of the calcaneus on 
the fibula [58]. Posterior tibial tendon dysfunction can 
decrease walking distance and impact on sport activity.

 Mortons Neuroma
Mortons neuroma is a disease involving the forefoot, which 
causes localized pain with tingling and numbness sensation 
in the intermetatarsal space. Most of the patients reported are 
middle-aged females. It can affect walking distance and 
sport activity.

 Stress Fracture
The prevalence of stress fracture from all sports injuries was 
0.7–20 % [59] and the highest incidence is in track and field 
athletes because of the repetitive loading [60]. The tibia was 
the most common site followed by the metatarsals and fibula. 
Stress fracture sites vary from types of sports. Tibial stress 
fractures mostly occur in distance runners, navicular stress 
fractures in track athletes and metatarsal stress fracture in 
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dancers [61]. The calcaneal stress fracture was found around 
21 % and the most common site is posterior calcaneal tuber-
osity [62]. Stress fractures of cuneiform and cuboid bones 
are rare.

There is no exact data on sports active geriatric patients, 
however, the incidence is expected to be in such a geriatric 
cohort even higher then in young endurance sports people.

 Diagnosis and Treatment

Early diagnosis is very important for preventing long-lasting 
disability and prevent the injury turn chronic. But it tends to 
be that the aging athletes wait for the symptoms to resolve by 
and search for medical help late [6]. For physicians, a high 
index of suspicion helps to diagnose acute and chronic con-
ditions related to the sports activities of their patients in a 
timely fashion and install appropriate therapy. The treatment 
of choice – if possible – is the conservative treatment. 
Important is to have a good plantigrade foot and ankle 
(treated e.g. by insoles treatment, good sports shoes), avoid 
muscular dysbalances (treated e.g. by physiotherapy), have a 
good bone quality status (treated e.g. by Vitamin D3 Ca2+), 
and a good nutriational condition. In the treatment of elderly 
people, prolonged immobilization should be avoided. 
Compensatory training programmes – sometimes under the 
guidance of specialised physical therapists can help to mini-
mize disease-associated loss of general fitness during treat-
ment periods. Treatment and counseling of elderly athletes 
also has to take into account non-orthopaedic comorbidities 
such as underlying cardiovascular and pulmonary disease.

 Prevention

Apart from medical prevention strategies such as Vitamin D3 
and Calcium supplementation, a careful trainings schedule 
helps to prevent injuries. However, there is little evidence- 
based strategies. Training plans in elderly people should 
focus on proper warm up and cool down as well as a gradual 
moderate increase in training intensity paying attention to 
the increased fragility of aging tissue and a good gentle 
stretching program. Moderate exercises in elderly can help to 
improve tissue elasticity, cardiovasulcar fitness, muscle 
strength, proprioceptive capabilities and therefore prevent 
injuries.

 Evidence

As senior sports and sports injuries in the elderly are a young 
area of sports medicine, there is no great evidence in the lit-
erature so far.

 Summary

• Senior sports is an increasing sports activity in our 
society.

• Elderly athletes are different from young athletes, as their 
physiological aging process declines functional musculo-
skeletal parameters, such as muscle, tendons, ligaments 
and bone strength.

• On one hand, these limitations have to be taken into 
account when setting up training schedules for elderly 
athletes and treating sports injuries in elderly people.

• On the other hand, moderate sports activity helps to main-
tain and to some extent restore musculoskeletal, cardio-
pulmonary and many more body functions.

• Related to the foot and ankle there is few specific injuries 
and literature data is sparse. General diagnostic and treat-
ment rules for foot and ankle injuries in elderly people are 
early diagnostics and if possible conservative treatment, 
avoiding if possible immobilization.
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Sports for Disabled and  
Handicapped People

Michèle Kläusler and Erich Rutz

Abstract

Over the last decades, sports for disabled and handicapped people have gained in impor-
tance. The Paralympics, especially has helped to advance sports for people with impair-
ments. They were not only important to promote health and wellness among people with 
disabilities, but also made society aware of what these people are capable of.

Physical activity is not only very important for health prevention in able-bodied people, 
but it is cruical in impaired individuals, because they are at a higher risk for obesity, have a 
higher burden of cardiovascular disease and more often suffer from osteoporosis.

Due to the higher prevalence of disability sports these days, the topic of sports injuries 
in people with impairments has gained more significance over the last couple of years. 
There have been a few studies published, but there is a demand for further research.

As shown in the example of in cerebral palsy (CP), sport already plays an important role 
in many therapy programs.

For individuals with impairments, sport often becomes a very important part of their 
lives. It is important for their physical health but also for their mental health. It helps to 
establish their own body image and to gain self-esteem. And last but not least, it is signifi-
cant to develop social interaction skills and establish friendships.

Keywords

Disability sports • Paralympic sports • Sport injuries • Children with cerebral palsy • 
Hippotherapy • Acquatic therapy

 Definition

Disability is defined as follows: “In the context of health 
experience, a disability is any restriction or lack (resulting 
from an impairment) of ability to perform an activity in the 
manner or within the range considered normal for a human 
being.” (WHO, 1980, p. 28, 1. 1–5) Disability can be con-
genital, but it can also occur at any time in life as conse-
quence of an accident or a disease.

On the other hand, handicap is defined as follows: “In the 
context of health experience, a handicap is a disadvantage 

for a given individual, resulting from an impairment or a dis-
ability, that limits or prevents the fulfillment of a role that is 
normal (depending on age, sex and social and cultural fac-
tors) for that individual.” (WHO, 1980, p. 29, 1. 2–5)

Sports for disabled and handicapped people are defined as 
sports in people with longstanding physical or mental 
impairment.

 Introduction

The beginning of sports in disabled and handicapped people 
goes back to the Stoke Mandeville Hospital in Great Britain, 
where toward the end of 2nd World War Ludwig Guttman, a 
British neurosurgeon and Director of the National Spinal 
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Injuries Center at Stoke Mandeville, began to integrate recre-
ational and organized sport into the common rehabilitation 
therapies [1]. He believed that sports could improve the 
patients’ physical and psychological wellbeing and this the-
ory was confirmed by his observation of the patients. 
Encouraged by his clinical successes with sports therapy in 
1948, Dr. Guttmann organized the first Stoke Mandeville 
Games for people with impairments on the same day as the 
Opening Ceremony of the London 1948 Olympic Games 
was held [2]. In 1960, the first Paralympic Games took place 
in Rome. The first Winter Paralympic Games were held in 
Sweden in 1976.

Over the last 50 years the Paralympic Games have grown 
considerably and become more popular. The Paralympic 
Movement itself is not just about sports competition, it has 
also helped to advance many related areas in sports medicine 
and sports science. Most importantly it helped to promote 
health, wellness, and self-esteem amongst people with 
impairment and made our society aware of the capabilities of 
these individuals [2].

It is well known that sport is very important for all chil-
dren, with or without disabilities. Sport does not only help to 
develop skills and exercise, it is also important for the evolu-
tion of interpersonal skills [1].

 Sports for the Disabled: Its Role 
in Prevention

Studies have shown that people with disabilities are more 
likely to be overweight or obese, have high blood pressure, 
use tobacco, and receive less social-emotional support, 
amongst other health disadvantages [3]. Regardless of the 
type of disability, all of these individuals are at a higher risk 
of becoming overweight or obese [4]. Especially adults with 
moderate to severe lower extremity impairments are at risk 
for obesity and physicians tend to not give enough counsel-
ing on the importance of exercise in this patient group [5]. 
Furthermore, intellectual disabled adults, when compared to 
the general population, have a higher prevalence of obesity 
and morbid obesity [6]. When it comes to cardiovascular 
health (hypertension, hyperlipidemia, coronary artery dis-
ease), there is a disproportionally high burden of these dis-
eases amongst individuals with disabilities [7]. After spinal 
cord injury cardiovascular disease is one of the most com-
mon causes of morbidity and mortality [8]. Adults with func-
tional impairments are also less likely to engage in leisure 
time physical activity when compared to the general popula-
tion [4]. Children with disabilities spend as much time in 
daily activities as their healthy peers up to the 8th grade. 
After that time the rate of participation decreases [9].

For these reasons, an active lifestyle is especially impor-
tant in people with functional impairments. It is very likely 

that children with an active physical lifestyle will also 
become active adults and because of that, it is important to 
introduce exercise for individuals with disabilities already at 
a very young age [1].

 Paralympics

 Types of Sports

There are Paralympic sports that were developed as an adap-
tation to able-bodied sports, but there are also Paralympic 
sports with no able-bodied equivalent to be used by a certain 
impairment type [10]. For example, athletes with visual 
impairment play goalball whereas boccia is for athletes with 
severe hypertonia, ataxia, or athetosis. There are still new 
sports being added. For example, in Beijing 2008 adaptive 
rowing, in Rio de Janeiro 2016 para-canoe and para-
triatholon events were introduced for the first time. Table 12.1 
provides an overview of Paralympic sports [10].

 Classification

In 2007, the International Paralympic Committee 
Classification Code, based on the International Classification 
of Functioning, Disability, and Health terminology and tax-
onomy to categorize impairment groups, was introduced for 
the classification of Paralympic sports [11]. To compete in 
Paralympic sports an athlete has to have a objectively diag-
nosed primary permanent impairment. These impairments 
can be grouped in the ten following types: hypertonia, ataxia, 
athetosis, loss of muscle strength, loss of range of move-
ment, loss of limb, limb deficiency, short stature, low vision, 
or intellectual impairment.

There are some sports designed for certain types of 
impairment only, as well as others, which allow athletes with 
different impairments to compete against one another.

In Olympic sports, athletes are classified by sex, age and 
weight whereas in Paralympic sports there are minimum dis-
ability criteria for participation as well as a stratification of 
the athletes by the severity of the impairment [12]. There are 
different numbers of classifications and inclusion criteria for 
each sport.

 Wheelchairs

Since the early days of wheelchair racing at the “Stoke 
Mandeville” games in England there has been an evolution 
of wheelchair racing technology, which can be compared to 
the development of cycling gear [1]. Currently there are 
approximately 20 manufacturers developing wheelchairs 
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which are unique for each sport. For example, tennis chairs 
must be able to quickly turn and have to be very agile on the 
court whereas wheelchairs for basketball (Fig. 12.1) and 
rugby have to be agile and also steady to bear collisions, 
which are characteristic for these sports. The “hand cycle” is 
one of the newest developments. It is a 3-wheeled cycle pro-
pelled by the use of the arms and they have the advantage of 
gearing similar to cycling. Hand cycles are not only used for 
competition, hobby athletes can also use them if they want to 
go for a ride with friends and family.

 Prosthetics

Also in limb prosthetics there have been many technological 
accomplishments. While previously the design of prothetics 
lent more towards light weight and concealing the missing 
limb, the prosthetics of today are designed to improve user 
function with advanced materials and designs (Fig. 12.2). 
There have been many advancements in biomechanics and 
material engineering, which provides the athlete with advan-
tages specific for his or her sport [1].

Impairment groups Participation dates

Summer games
Archery Amputees, LA, CP, SCRD 1960-present

Atheltics Amputees, LA, CP, II, VI, SCRD 1960-present

Boccia CP 1988-present

Cycling Amputees, LA, CP, VI, SCRD 1988-present

Equestrian Aputees, LA, CP, VI, SCRD 1996-present

Football (5-a-side) VI 2004-present

Football (7-a-side) CP 1984-present

Goalball VI 1980-present

Judo VI 1988-present

Powerlifting Amputees, LA, CP, SCRD 1964-present

Rowing Amputees, LA, CP, VI, SCRD 2008-present

Sailing Amputees, LA, CP, VI, SCRD 2000-present

Shooting Amputees, LA, CP, VI, SCRD 1976-present

Swimming Amputees, LA, CP, II, VI, SCRD 1960-present

Table tennis Amputees, LA, CP, SCRD 1960-present

Volleyball Amputees, LA 1976-present

Wheelchair basketball SCRD, amputees, LA, II 1960-present

Wheelchair fencing SCRD 1960-present

Wheelchair rugby SCRD 2000-present

Wheelchair tennis SCRD 1992-present

Winter games
Alpine skiing Amputees, LA, CP, VI, SCRD 1976-present

Biatholon Amputees, LA, CP, VI, SCRD 1988-present

Ice sledge hockey Amputees, LA, CP, SCRD 1984-present

Nordic skiing Amputees, LA, CP, VI, SCRD 1976-present

Wheelchair curling Amputees, LA, CP, SCRD 2006-present

LA les autres, CP cerebral palsy, SCRD spinal cord-related disability, II intellectual impairment, VI visually impaired

Table 12.1 Paralympic  
sports [10]

Fig. 12.1 Wheelchair basketball (With permission from Basler 
Orthopädie, René Ruepp AG, Switzerland)
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In 2012, double amputee Oscar Pistorius competed as 
the first amputee athlete in the able-bodied Olympics in 
400-m race. Initially he was not allowed to compete, 
because the International Association of Athletic 
Foundation, the worldwide body that governs international 
competition, stated in 2007 that his artificial leg would give 
him an unfair advantage over able-bodied athletes in the 
competition.

 Sports Related Injuries in Disabled 
and Handicapped People

 Overview

There is still a big necessity for research about sports related 
injuries in disabled and handicapped people, but recently 
there have been new studies published to address this issue. 
For disabled athletes, an injury can have a higher impact on 
their training and competing as well as their functioning in 
daily life compared to able-bodied athletes [13].

During the Summer Paralympic games 2012 17.8/100 
athletes [14] compared to 12.9/100 athletes during the 
Summer Olympics [15] got injured. There was a high vari-
ability between the different sports, very high injury rates 
were seen in football (5-a-side), goalball, powerlifting, 
wheelchair fencing and wheelchair rugby. Rowing and 
shooting were the sport disciplines with the lowest incidence 
of injuries [14].

There is a high prevalence of lower extremity injuries in 
walking athletes, especially those with visual impairment 
and in those participating in ball sports and track and field, 

whereas most upper extremity injuries, especially in the 
shoulder, occur in wheelchair athletes [13].

Fagher and Lexell [13] stated in their review article that 
there is a high prevalence of sports-related injuries in 
Paralympic athletes caused by overuse and that this number 
might be underestimated, because some studies only include 
events related to trauma and competition in their injury defi-
nition. It seems likely that athletes who participate in ball 
sports more often suffer from acute injuries.

Certain risk factors could be identified for disability 
sports. First of all the disability itself can be seen as a risk 
factor [16], for example athletes with impaired vision are 
more likely to suffer from a lower extremity injury [17]. 
Also, there are different risk factors for different types of 
impairments. The low bone mineral density in wheelchair 
athletes can be considered as a risk factor for injury [13]. 
Almost every person with spinal cord injury (SCI) has osteo-
porosis [18], which as a result ends in an increased number 
of lower extremity fractures. In wheelchair athletes there is 
also a high frequency of upper extremity injuries [19], 
because these athletes depend on their upper extremities in 
both their daily life and in sports. These injuries can put high 
stress on its tissues. In amputee athletes there is a high preva-
lence of injury and pain [20]. The cause of this could be the 
changed biomechanics in the lower extremity [21]. Problems 
can also occur in the intact lower limb of athletes with unilat-
eral amputation caused by the asymmetrically higher forces 
while running [20].

After any sports injury it is important to keep the reha-
bilitation period as short as possible, at best there should 
not be any immobilization at all, to prevent any loss of 
muscle mass.

Fig. 12.2 Runner with 
above-knee prosthesis (With 
permission from Basler 
Orthopädie in cooperation with 
Otto Bock Switzerland)
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 Lower Leg and Ankle Injuries

Lower leg injuries are particularly frequent in blind athletes 
[13], for example during the Paralympic Games 1988 78 % 
of all lower extremity injuries that were reported in the 
Canadian team occurred in blind athletes [17]. We can find 
an explanation for this by a study of Athanasopoulos et al. 
[22], which claimed that the high incidence of ankle injuries 
in this athletes could be caused by poor proprioception, and 
Aydog et al. [23] which suggested that postural stability may 
be affected by vision.

Individuals with CP frequently have orthopedic deformi-
ties in the foot (e.g. equinus) and knee region. Hinged ankle- 
foot- orthosis is the most common used type of orthosis in 
these patients. Patatoukas et al. [24] found out that there was 
a higher percentage of soft tissue injuries compared with 
other athletes in CP athletes. The authors explained this by 
citing the patients limited range of motion, spasticity and dis-
coordination, which may cause additional stress to muscles, 
joints and tendons. Athanasopoulos et al. [22] suggested that 
this higher number of lower extremity injuries in CP athletes 
could be caused by an increased tensile force in the lower 
extremity which is a result of spasticity and deformities.

As mentioned earlier there is a higher prevalence of injury 
and pain in amputee athletes [20], which may be caused by 
the altered biomechanics in the lower extremity [21]. In 
Athletes with a unilateral amputation injuries also occur in 
the intact lower limb because of the asymmetrically higher 
forces while running [20].

There is a higher incidence of lower extremity fractures in 
wheelchair athletes, which can be explained by osteoporosis, 
which occurs in almost all people with Spinal cord injury 
[18]. For this reason it is very important in wheelchair sports 
to have a good regulation for the protective equipment to pre-
vent these injuries, especially in winter sports [25].

 Sports for Disabled and Handicapped People 
Using the Example of Children with CP

 Introduction

Cerebral palsy (CP) is a permanent movement disorder based 
on a progressive defect or damage to the brain in its early 
development (generally in the first two years of life). It is a 
complex of symptoms and no entity itself [26]. The inci-
dence of the infantile CP ranges between 2 and 6 per 1000 
live births. It is the most common cause of disability in 
childhood.

There are a variety of clinical presentations, which depend 
on the size and localization of the lesions in the brain. 
Roughly they can be divided into quadriplegia, diplegia and 
hemiplegia. The main problems are the increased muscle 

tone, the spasticity and muscular weakness. As a conse-
quence patients can develop torsion defects in tibia and 
femur, joint contractures and foot deformities [27]. Often 
there is also a change of sensibility on the trunk and the 
extremities.

Sport is an important part of the therapy program in chil-
dren with CP. It can enhance muscle strength and coordina-
tion. Certain sports improve sequences of motion and motion 
coordination. It is well known that hippotherapy can improve 
trunk control as well as decrease the muscle tone in lower 
extremities [28]. Physical activity is not only a cardiopulmo-
nary training; it also helps to strengthen the bones, knowing 
that many CP patients suffer from inactivity osteoporosis.

The Gross Motor Function Classification System 
(GMFCS) has been established for the classification of the 
impairment of children with cerebral palsy (CP) into five lev-
els, in which functional walkers are classified within level 
I-III, with I being the most able [29, 30]. It is a clinical clas-
sification system, independent of any consideration of instru-
mented gait analysis.

 Types of Therapy

Physical and occupational therapy: Their goal is to 
improve movement sequences, the prevention of joint con-
tractures and consequently preserve the patient autonomy

Strength and fitness training should improve muscular 
strength and fitness in general. It is important to respect the 
biomechanical principles (especially muscular weakness and 
limitation of motion) during training. It may be beneficial to 
establish a targeted program to improve muscular weakness. 
Studies from Damiano [31, 32] have shown, that targeted 
muscle training can improve the muscle strength in children 
with CP.

Hippotherapy has become very popular over the last 
years, especially with children. The patients appreciate the 
contact to the animals and several studies showed that hip-
potherapy (Fig. 12.3) has a positive impact on children with 
CP. A recently published review study by Whalen and Case- 
Smith [29] identified that hippotherapy and therapeutic horse 
riding (THR) can emend gross motor function and mobility 
in children with spastic CP who were 4 years old or above. 
Moreover, another meta-analysis issued by Zadnikar and 
Kastrin [28] showed that hippotherapy and THR improves 
postural control and balance in children with CP, even though 
the intervention and comparison sample sizes of the reviewed 
studies were too small and the CP population was extremely 
diverse. Particularly the study of Snider et al. [33] showed an 
improvement in trunk control and a reduction of muscular 
tone in the lower extremity. The study of Casady and Nichols- 
Larsen [34] also reports an improvement of the gross motor 
function measure.
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Aquatic therapy: A meta-analysis by Gorter and Currie 
[35] found clinically significant improvements in muscle 
strength, energy expenditure, gross motor function scores 
and mobility performance in children and adolescents in sev-
eral studies. However, the authors of this review article sym-
phonize that most studies only examined CP patients with 
Gross motor functioning score (GMFCS) levels between I 
and III. A study by Fragala-Pinkham et al. [36] showed an 
improvement of gross motor function and walking endur-
ance after a 14-week aquatic exercise program in children 
with CP, there were no changes seen in functional strength, 
aerobic capacity and balance.

 Sports

The aims and use of physical activity are:

• the training of strength and coordination
• to cultivate social contacts and finally also
• to have fun and joy being physically active.

For ambulatory and moderate disabled children it is basically 
possible to carry out all sports in consideration of some preven-
tive measures. When there is evidence of osteoporosis there is a 
need for attention because of the higher risk of fracture.

The training also has a positive impact on the cardiopul-
monary system.

With some appropriate adjustments (for example the 
breaks, tricyle) especially cycling is very popular in children 
with CP. This is a good training for endurance and strength. 
It is important for the children to wear a helmet and other 
protection gear, such as gloves. Running also trains strength 

and endurance. There is little influence on the tone and it is 
often even interfering with repetitive movements. Even soc-
cer and basketball are possible. But for these sports there is a 
need for a good body control as well as coordinative skills. 
Coordination can be trained and improved.

Also winter sports such as alpine and cross-country skiing 
are thinkable. However it is important to consider muscular 
weaknesses. It is possible to do active and passive (for exam-
ple ski bob) skiing.

For children with severe impairments there is the possibil-
ity of tricycling, swimming and skiing in winter. There are 
also offers for wheelchair rugby or basketball and many more.

 Evidence

To our knowledge regarding the topic of our book chapter 
there is no level-I published data.

 Summary

Sports for disabled and handicapped people have become an 
important health and psychological development mechanism 
for the disabled. The Paralympics were relevant for the 
advancement and promotion of sports in people with impair-
ments. It is necessary to always keep in mind, that physical 
activity is not only important for health prevention in 
 able-bodied people, it is also crucial for disabled and handi-
capped people, because these individuals are at higher risk for 
obesity, have a higher burden of cardiovascular disease and 
more often suffer from osteoporosis. Based on the higher 
prevalence of sports for individuals with impairments there is 

Fig. 12.3 Hippotherapy (In 
permission with Hippotherapie-K 
® Ruth Obrist-Angehrn, 
Kaiseraugst, Switzerland)
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also a higher incidence of sports injuries in this group. So far 
only a few studies about this topic have been published and 
there is a necessity for further research. Some of these studies 
also describe lower leg and ankle injuries. The example of CP 
shows that sports already play an important part in many ther-
apy programs. For individuals with impairments, sport often 
is a major part of their lives. It is not only important for their 
physical health but also for their mental health. It is also sig-
nificant for the development of social interaction skills and to 
establish friendships.
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Orthobiologics in Foot & Ankle

Ethan S. Krell, Nicholas J. Montemurro, Kristen P. Pacific, 
Lionel Emele, and Sheldon S. Lin

Abstract

Bone, cartilage, and tendon healing are clinically challenging processes. In order to address 
these concerns, orthobiologic research aims to enhance key steps involved in these pro-
cesses using autologous and recombinant compounds, with the goal of achieving maximal 
clinical results. The potential for a quicker return to sport is appealing for athletes at all 
levels, and many high profile cases have driven continued orthobiologic research. In this 
chapter, we review the current clinical evidence regarding the use of biologic agents and 
scaffolds to improve healing following injury to the foot and ankle.
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 Introduction

Quick return to high performance activity is of particular 
interest following sports injuries sustained by professional 
and recreational athletes. Significant research has focused on 
the exploration of biologic agents, both autologous and 
recombinant, that have the potential to maximize the natural 
healing process. By optimizing the local healing environ-
ment, athletes may be able to regain competitive activity lev-
els more quickly. Collectively known as orthobiologics, 
these adjunct therapies fall into many broad categories 
including:

• Autologous, heterologous, and synthetic bone/tendon 
grafts

• Cell culturing
• Bone marrow and whole blood aspirates/concentrates
• Autologous and recombinant growth factors and proteins

While many biologic agents and scaffold materials are 
already widely accepted in the field of orthopaedic surgery, 
limited evidence exists to date that indicates their use for foot 
and ankle applications. The goal of this chapter is to high-
light the efficacy and function of a wide range of orthobio-
logics used to enhance bone, cartilage, and tendon/ligament 
healing in the foot and ankle.

 Bone Orthobiologics

Foot and ankle surgeons originally focused on mechanical 
stabilization to achieve successful arthrodesis when treating 
the various causes of joint destruction. However, numerous 
risk factors are now known to impair osseous healing [1] and 
nonunion rates range from 10 % to as high as 40 % within 
high-risk populations [2, 3]. To address this concern, bone 
grafting techniques and adjunct therapies were developed to 
improve the local biologic environment.

 Bone Graft Properties

Three important factors describe the biologic activity of 
bone grafts: osteoconduction (material serves as scaffold for 
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existing bone to grow into), osteoinduction (material stimu-
lates differentiation of existing osteoprogenitor cells), and 
osteogenesis (material contains osteoblasts that contribute to 
growth). Autologous bone graft (ABG) is the only graft pos-
sessing all three properties, and is considered the gold stan-
dard for managing bone defects and non-unions [4]. However, 
ABG is associated with chronic donor site pain and is limited 
in quantity [5].

 Allografts

Often, bulk allograft is needed for large defects to supple-
ment the limited amounts of autograft. Heterologous bone 
grafts from cadavers can be fresh-frozen, freeze-dried, or 
demineralized bone matrix. Generally, these grafts must be 
irradiated to reduce immunogenic reactions, which in turn 
dramatically reduces their osteogenic and osteoinductive 
potential [6]. Alternatively, synthetic grafts such as trical-
cium phosphate and calcium phosphate cement can be uti-
lized, but have only osteoconductive capacity. Recent 
research has focused on orthobiologics (bone marrow aspi-
rate, whole blood concentrates, recombinant proteins and 
growth factors) with osteoinductive properties, which can be 
either used alone or combined with osteoconductive grafting 
scaffolds. Specifically, recombinant human platelet-derived 
growth factor (rhPDGF) and bone morphogenetic proteins 
(BMPs) are common orthobiologics currently under investi-
gation for use in foot and ankle surgery.

 Recombinant Growth Factors and Proteins

Platelet-derived growth factor (PDGF) refers to a family of 
growth factors that are released from platelets and macro-
phages following tissue damage. The PDGF-BB isoform has 
been shown to recruit inflammatory cells to the injury site, 
increase collagen deposition, and promote angiogenesis [7]. 
DiGiovanni et al. [8] conducted a multicenter randomized 
controlled trial comparing the efficacy of rhPDGF-BB in a 
β-tricalcium phosphate scaffold (Augment Bone Graft; 
BioMimetic Therapeutics, Inc., Franklin, TN) to ABG in 
achieving arthrodesis. A total of 66.5 % of PDGF-treated 
joints and 62.6 % of ABG-treated joints demonstrated 50 % 
or greater bone bridging on CT scan (s < 0.001; statistically 
significant for equivalence). PDGF has been approved for 
ankle and hindfoot arthrodesis in Canada, Australia, and 
New Zealand and is currently under review in the United 
States and Europe.

Recombinant human bone morphogenetic proteins 
(rhBMPs) stimulate mesenchymal stem cells to develop into 
osteogenic and chondrogenic cells during bone healing [9]. 
Currently, rhBMP-2(INFUSE; Medtronic, Minneapolis, MN) and rhBMP-7 

(OP-1; Olympus Biotech Corp., Hopkinton, MA) have dem-
onstrated utility in foot and ankle surgery (Table 13.1) [10–
14]. However, the literature is limited to level III and IV case 
series at this time. Technically, BMPs are used off-label for 
foot and ankle applications and are not covered by many 
insurance policies.

 Cartilage Orthobiologics

Osteochondral talar lesions (OTLs) occur to the anterolateral 
or to a lesser extent posteromedial aspect of the talus, usually 
following trauma that results in subsequent damage to the 
talar articular cartilage and often the underlying bone. A con-
siderable percent of patients experience poor clinical out-
comes following cast immobilization, surgical excision, or 
bone marrow stimulation techniques (drilling or microfrac-
ture), especially when the defect is large and unstable [15]. 
Several biologic therapies have been developed to improve 
healing of the affected cartilage.

 Injections

Pain and functional deficit associated with mechanically 
stable OTLs could potentially be improved through conser-
vative treatment with hyaluronic acid (HA) or platelet-rich 
plasma (PRP). HA is present in synovial fluid and reduces 
pain by cushioning joints and by inhibiting inflammatory 
cytokines, preventing further breakdown of cartilage [16]. In 
a prospective study [17], fifteen patients with osteochondritis 
dissecans (OCD) of the talus were treated with 3 intra- 
articular injections (1 week intervals) of HA and were fol-
lowed for 26 weeks. Pain and global functioning scores 
significantly improved within 12 weeks of treatment, and no 
adverse events were observed throughout the 6 month fol-
low- up period. While HA may prevent further cartilage 
breakdown, PRP aids in cartilage repair (mechanistic action 
described below). A recent study [18] showed that intra- 
articular injection of PRP significantly improved pain and 
global functioning scores relative to HA treatment. Both HA 
and PRP may be reasonable future treatment options for con-
servatively treating pain caused by OTLs.

 Autograft & Allograft Techniques

Several osteochondral autograft transplantations have 
recently been investigated for treating OTLs. Autologous 
chondrocyte implantation (ACI) involves transplanting via-
ble chondrocytes to the defect space. Cartilaginous material 
is harvested from the knee or ankle, cultured for 3–4 weeks, 
and subsequently packed into a periosteal graft and delivered 
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to the osteochondral defect. A similar procedure, matrix- 
induced autologous chondrocyte implantation (MACI) 
avoids periosteal graft harvesting by using a porcine type-I/
III collagen membrane, which also more evenly distributes 
the viable cells [19]. Additionally, a number of collagen 
membranes now on the market, for example Chondro-Gide 
(Geistlich Biomaterials, Switzerland), may further improve 
ACI techniques [20]. Currently, the literature suggests posi-
tive clinical outcomes following ACI/MACI treatment [21, 
22]; however, higher level clinical studies are necessary to 
more clearly define the indications for autograft transplanta-
tion versus traditional excision, curettage, and microfracture 
techniques.

In two different studies, Giannini et al. [23, 24] investi-
gated a novel arthroscopic technique in which autologous 
mesenchymal stem cells (MSCs) and platelet rich plasma 
(PRP) were combined with either an HA membrane or a por-
cine collagen scaffold and implanted into an osteochondral 
lesion. The first clinical trial [23] found that AOFAS scores 
were significantly higher than baseline scores 6 months fol-
lowing surgery. In two cases, biopsies were performed at one 
year post-surgery and histological analysis showed the pres-
ence of new cartilage formation.

The second trial [24] compared the efficacy of this new 
technique to both open and arthroscopic ACI. Of the 81 total 
patients, 25 were treated with MSC + PRP + scaffold, 46 with 
arthroscopic ACI, and ten with open ACI. Over a 3 year fol-
low- up period, no intergroup differences were observed 
using AOFAS, radiographic, and MRI evaluations. The 
investigators’ novel composite produced equivalent results 
compared to the ACI treatment, while avoiding the long sur-
gical time and additional cost associated with ACI. MSCs 
derived from bone marrow have been well characterized for 
their multipotent capabilities and their proliferative capacity 
[25]; however, the results of these two trials cannot be solely 
attributed to either MSCs or PRP. There may instead be a 
synergistic value to combining multiple orthobiologics.

 Tendon & Ligament Orthobiologics

 Platelet-Rich Plasma

At this time, platelet-rich plasma (PRP) supplementation is 
permitted by the World Anti-Doping Agency and within the 
NFL, NBA, MLB, and NCAA communities for treating a 
variety of conditions [26]. PRP is derived from autologous 
whole blood and contains a concentrated volume of platelets. 
The platelets within the concentrate release multiple growth 
factors that contribute to healing, such as PDGF, transform-
ing growth factor, insulin-like growth factor, and vascular 
endothelial growth factor, among many others. The specific 
actions of these growth factors vary. PDGF, the predominant 

growth factor, has a known chemotactic and mitogenic 
action, which leads to the proliferation and expansion of 
mesenchymal stem cells as well as the enhancement of 
angiogenesis [27].

Although several elite athletes attribute their successful 
rehabilitations to PRP, a tremendous paucity in the literature 
exists to effectively support these claims. The biologic prop-
erties of PRP are ideal for promoting soft tissue regenera-
tion; however, the variable formulation of PRP presents a 
challenge when comparing clinical studies. PRP can differ in 
platelet concentration, centrifugation method, and by the 
presence of activating agents, white blood cells, and antico-
agulant. Further, no set dosages or treatment protocols are 
currently widely accepted. Until high level clinical evidence 
fully elucidates the therapeutic potential of PRP, we must, as 
physicians, critically evaluate the available research. Refer to 
Table 13.2 for a summary of the results of clinical trials in 
which PRP is utilized to treat Achilles tendinopathy [28–33], 
Achilles tendon rupture [34–36], and lateral ligament sprain 
[37].

 Autograft & Allograft Techniques

Tendon autografts and allografts are useful as adjuncts in 
foot and ankle repair. Tendon transfers have been used to 
treat: (1) chronic ankle instability [38, 39], (2) chronic 
Achilles tendon rupture [40, 41], (3) peroneal tendon tears 
[42], and (4) posterior tibial tendon dysfunction [43].

 1. In a study of 68 patients with chronic ankle instability, 
lateral ankle ligament reconstruction using semiten-
dinous autograft required a longer average operation 
time but yielded a significantly shorter healing time 
(11.2 ± 4.1 months vs 13.5 ± 5.2 months, P = .0458), com-
pared to the tendon allograft group. No significant dif-
ference in AOFAS scores was found between the two 
groups, though the improvements from pre-operative 
to post- operative stability were significant within both 
groups [38].

 2.  An initial evaluation of Achilles tendon allograft with 
associated calcaneus bone graft showed promise for treat-
ing patients presenting with severe chronic Achilles ten-
don rupture. The technique allowed for better preservation 
of surrounding structural tissue and normal rotational 
ability of the Achilles tendon compared to current 
standard- of-care approaches [41].

 3.  Reconstruction of peroneal tendon tears using peroneal 
tendon or semitendinosus allograft were found to be 
effective and possess several benefits over standard ten-
don transfer techniques, including shorter surgical time, 
better preservation of range of motion, and decreased 
opportunity for post-operative fracture [42].
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 4.  A technique utilizing interference screw fixation in con-
junction with flexor digitorum longus transfer to success-
fully treat posterior tibial tendon dysfunction allowed for 
a less extensive harvest of donor tendon [43].

 Membranes

Acellular human dermal tissue matrix, GraftJacket Matrix 
(Wright Medical Technology, Inc., Arlington, TN) has been 

Table 13.2 PRP clinical trial results for treating common foot and ankle sports injuries

Condition Investigator Study type
Treatment 
protocol

Combined 
treatments

Comparison 
group

Number 
of 
patients Follow-up Key results

Achilles 
tendinopathy

de Vos et al. 
[28] and de 
Jonge et al. 
[29]

Randomized 
trial

1 injection 
of 4 ml 
PRP

Local 
anesthesia

Yes 27 PRP 
vs. 27 
saline

12 months No significant 
difference in 
improvement 
between PRP vs. 
saline groups

Monto et al. 
[30]

Case series 1 injection 
of 4 ml 
PRP

Local 
anesthesia

No 30 24 months Clinical 
improvement in 
27 patients

Gaweda 
et al. [31]

Case series 1 injection 
of 3 ml 
PRP

No No 14 18 months Significant 
clinical and 
functional 
improvement; 
positive imaging 
results

Filardo 
et al. [32]

Case series 3 injections 
of 5 ml 
PRP 
(2-weeks 
intervals)

No No 27 54 months Significant 
long-term 
improvement in 
function and 
activity level; 
duration of 
symptoms 
correlated to time 
to return to sport

Owens et al. 
[33]

Case series 1 injection 
of 6 ml 
PRP

No No 10 24 months Clinical but not 
MRI 
improvement

Achilles tendon 
rupture

Schepull 
et al. [34]

Randomized 
trial

Intra-op 
injection of 
10 ml PRP

Tendon 
suture

Yes (no 
PRP)

16 PRP 
vs. 14 
control

12 months No significant 
difference in 
biomechanical 
tests in PRP vs. 
control groups; 
clinical outcome 
significantly 
better in control 
group

Sanchez 
et al. [35]

Case series Coated 
sutures and 
intra-op 
injection of 
4 ml PRP

Tendon 
suture

Yes 
(historical 
controls)

6 6 months Faster return to 
training activities 
in PRP group 
(14 weeks) vs. 
control group 
(21 weeks)

Filardo 
et al. [36]

Case report 3 injections 
of 5 ml 
PRP 
(1-week 
intervals)

No No 1 18 months Full return to 
pre-injury sport 
activity level in 
75 days; no 
long-term 
recurrence

Lateral ligament 
sprain

Stanton 
et al. [37]

Randomized 
trial

1 injection 
of 5 ml 
PRP

No Yes (saline) 26 PRP 
vs. 11 
saline

12 months Faster return to 
sports in PRP 
group (16.5 days) 
vs. saline group 
(26.3 days)
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utilized to augment suture repair of neglected [44] and acute 
[45] Achilles tendon ruptures. In these clinical studies, 
desirable return-to-activity time was achieved and no adverse 
events were observed. The matrix is composed of freeze- 
dried human dermal tissue, and is sutured circumferentially 
around the Achilles tendon repair site. Histological analy-
sis demonstrated that the matrix is infiltrated by host fibro-
blasts and blood vessels and incorporates as tendon-like 
tissue [46].

Several companies have developed amniotic tissue mem-
branes derived from the innermost lining of the human pla-
centa. A pre-clinical study has demonstrated improved 
Achilles tendon healing and increased mechanical strength 
[47]. Although human trials are underway, no clinical results 
have been peer-reviewed at this time.

 Summary

• According to level I clinical evidence [8], rhPDGF 
(Augment) is statistically equivalent to autologous bone 
graft for achieving arthrodesis in the foot and ankle. This 
product is currently under review for FDA approval.

• Several clinical studies [10–12] have reported higher 
union rates for hindfoot arthrodesis procedures aug-
mented with rhBMP-2 (INFUSE), compared to non- 
supplemented controls.

• Both HA and PRP injections may reduce pain and improve 
function in patients with mechanically stable osteochon-
dral talar lesions [17, 18].

• Although the literature regarding PRP injection for Achilles 
tendinopathy remains controversial, PRP may be effective 
for cases of chronic Achilles tendinopathy that have not 
responded to standard conservative treatment [30].

• Novel membranes made from accellular human dermal 
tissue or amniotic tissue may have future applications for 
enhancing tendon and ligament regeneration and adding 
mechanical support following rupture.

References

 1. Kagel EM, Einhorn TA. Alterations of fracture healing in the dia-
betic condition. Iowa Orthop J. 1996;16:147–52.

 2. Easley ME, Trnka HJ, Schon LC, Myerson MS. Isolated subtalar 
arthrodesis. J Bone Joint Surg Am. 2000;82(5):613–24.

 3. Frey C, Halikus NM, Vu-Rose T, Ebramzadeh E. A review of ankle 
arthrodesis: predisposing factors to nonunion. Foot Ankle Int. 
1994;15(11):581–4.

 4. Pape HC, Evans A, Kobbe P. Autologous bone graft: properties and 
techniques. J Orthop Trauma. 2010;24 Suppl 1:S36–40.

 5. DeOrio JK, Farber DC. Morbidity associated with anterior iliac crest 
bone grafting in foot and ankle surgery. Foot Ankle Int. 
2005;26(2):147–51.

 6. Keating JF, McQueen MM. Substitutes for autologous bone graft in 
orthopaedic trauma. J Bone Joint Surg. 2001;83(1):3–8.

 7. Hollinger JO, Hart CE, Hirsch SN, Lynch S, Friedlaender 
GE. Recombinant human platelet-derived growth factor: biology 
and clinical applications. J Bone Joint Surg Am. 2008;90 Suppl 
1:48–54.

 8. DiGiovanni CW, Lin SS, Baumhauer JF, Daniels T, Younger A, 
Glazebrook M, et al. Recombinant human platelet-derived growth 
factor-BB and beta-tricalcium phosphate (rhPDGF-BB/beta-TCP): 
an alternative to autogenous bone graft. J Bone Joint Surg Am. 
2013;95(13):1184–92.

 9. Reddi AH. Bone and cartilage differentiation. Curr Opin Genet 
Dev. 1994;4(5):737–44.

 10. Bibbo C, Patel DV, Haskell MD. Recombinant bone morphogenetic 
protein-2 (rhBMP-2) in high-risk ankle and hindfoot fusions. Foot 
Ankle Int. 2009;30(7):597–603.

 11. DeVries JG, Nguyen M, Berlet GC, Hyer CF. The effect of recom-
binant bone morphogenetic protein-2 in revision tibiotalocalcaneal 
arthrodesis: utilization of the Retrograde Arthrodesis Intramedullary 
Nail database. J Foot Ankle Surg Off Publ Am Coll Foot Ankle 
Surg. 2012;51(4):426–32.

 12. Fourman MS, Borst EW, Bogner E, Rozbruch SR, Fragomen 
AT. Recombinant human BMP-2 increases the incidence and rate of 
healing in complex ankle arthrodesis. Clin Orthop Relat Res. 
2014;472(2):732–9.

 13. Kanakaris NK, Mallina R, Calori GM, Kontakis G, Giannoudis 
PV. Use of bone morphogenetic proteins in arthrodesis: clinical 
results. Injury. 2009;40 Suppl 3:S62–6.

 14. Schuberth JM, DiDomenico LA, Mendicino RW. The utility and 
effectiveness of bone morphogenetic protein in foot and ankle sur-
gery. J Foot Ankle Surg Off Publ Am Coll Foot Ankle Surg. 
2009;48(3):309–14.

 15. Baums MH, Schultz W, Kostuj T, Klinger HM. Cartilage repair tech-
niques of the talus: an update. World J Orthop. 2014;5(3):171–9.

 16. Wang CT, Lin YT, Chiang BL, Lin YH, Hou SM. High molecular 
weight hyaluronic acid down-regulates the gene expression of 
osteoarthritis-associated cytokines and enzymes in fibroblast-like 
synoviocytes from patients with early osteoarthritis. Osteoarthrit 
cCartil/OARS Osteoarthrit Res Soc. 2006;14(12):1237–47.

 17. Mei-Dan O, Maoz G, Swartzon M, Onel E, Kish B, Nyska M, et al. 
Treatment of osteochondritis dissecans of the ankle with hyaluronic 
acid injections: a prospective study. Foot Ankle Int. 2008;29(12): 
1171–8.

 18. Mei-Dan O, Carmont MR, Laver L, Mann G, Maffulli N, Nyska 
M. Platelet-rich plasma or hyaluronate in the management of osteo-
chondral lesions of the talus. Am J Sports Med. 2012;40(3):534–41.

 19. Mitchell ME, Giza E, Sullivan MR. Cartilage transplantation tech-
niques for talar cartilage lesions. J Am Acad Orthop Surg. 
2009;17(7):407–14.

 20. Gavenis K, Schmidt-Rohlfing B, Mueller-Rath R, Andereya S, 
Schneider U. In vitro comparison of six different matrix systems for 
the cultivation of human chondrocytes. In Vitro Cell Dev Biol 
Anim. 2006;42(5–6):159–67.

 21. Baums MH, Heidrich G, Schultz W, Steckel H, Kahl E, Klinger 
HM. Autologous chondrocyte transplantation for treating cartilage 
defects of the talus. J Bone Joint Surg Am. 2006;88(2):303–8.

 22. Aurich M, Bedi HS, Smith PJ, Rolauffs B, Muckley T, Clayton J, 
et al. Arthroscopic treatment of osteochondral lesions of the ankle 
with matrix-associated chondrocyte implantation: early clinical and 
magnetic resonance imaging results. Am J Sports Med. 
2011;39(2):311–9.

 23. Giannini S, Buda R, Vannini F, Cavallo M, Grigolo B. One-step 
bone marrow-derived cell transplantation in talar osteochondral 
lesions. Clin Orthop Relat Res. 2009;467(12):3307–20.

 24. Giannini S, Buda R, Cavallo M, Ruffilli A, Cenacchi A, Cavallo C, 
et al. Cartilage repair evolution in post-traumatic osteochondral 

E.S. Krell et al.



125

lesions of the talus: from open field autologous chondrocyte to 
bone-marrow-derived cells transplantation. Injury. 2010;41(11): 
1196–203.

 25. Pittenger MF, Mackay AM, Beck SC, Jaiswal RK, Douglas R, 
Mosca JD, et al. Multilineage potential of adult human mesenchy-
mal stem cells. Science. 1999;284(5411):143–7.

 26. Mishra A, Harmon K, Woodall J, Vieira A. Sports medicine appli-
cations of platelet rich plasma. Curr Pharm Biotechnol. 2012;13(7): 
1185–95.

 27. Alsousou J, Thompson M, Hulley P, Noble A, Willett K. The biol-
ogy of platelet-rich plasma and its application in trauma and ortho-
paedic surgery: a review of the literature. J Bone Joint Surg. 
2009;91(8):987–96.

 28. de Vos RJ, Weir A, van Schie HT, Bierma-Zeinstra SM, Verhaar JA, 
Weinans H, et al. Platelet-rich plasma injection for chronic Achilles 
tendinopathy: a randomized controlled trial. JAMA. 2010;303(2): 
144–9.

 29. de Jonge S, de Vos RJ, Weir A, van Schie HT, Bierma-Zeinstra SM, 
Verhaar JA, et al. One-year follow-up of platelet-rich plasma treat-
ment in chronic Achilles tendinopathy: a double-blind randomized 
placebo-controlled trial. Am J Sports Med. 2011;39(8):1623–9.

 30. Monto RR. Platelet rich plasma treatment for chronic Achilles ten-
dinosis. Foot Ankle Int. 2012;33(5):379–85.

 31. Gaweda K, Tarczynska M, Krzyzanowski W. Treatment of Achilles 
tendinopathy with platelet-rich plasma. Int J Sports Med. 
2010;31(8):577–83.

 32. Filardo G, Kon E, Di Matteo B, Di Martino A, Tesei G, Pelotti P, et al. 
Platelet-rich plasma injections for the treatment of refractory Achilles 
tendinopathy: results at 4 years. Blood Transfus. 2014;12(4):533–40.

 33. Owens Jr RF, Ginnetti J, Conti SF, Latona C. Clinical and magnetic 
resonance imaging outcomes following platelet rich plasma injec-
tion for chronic midsubstance Achilles tendinopathy. Foot Ankle 
Int. 2011;32(11):1032–9.

 34. Schepull T, Kvist J, Norrman H, Trinks M, Berlin G, Aspenberg 
P. Autologous platelets have no effect on the healing of human 
achilles tendon ruptures: a randomized single-blind study. Am 
J Sports Med. 2011;39(1):38–47.

 35. Sanchez M, Anitua E, Azofra J, Andia I, Padilla S, Mujika 
I. Comparison of surgically repaired Achilles tendon tears using 

platelet-rich fibrin matrices. Am J Sports Med. 2007;35(2): 
245–51.

 36. Filardo G, Presti ML, Kon E, Marcacci M. Nonoperative biological 
treatment approach for partial Achilles tendon lesion. Orthopedics. 
2010;33(2):120–3.

 37. Leahy M. PRP effective for acute lateral ankle ligament injuries. 
AAOS Now [Internet]. 2014 Apr [cited 2014 Oct 15]. Available 
from: http://www.aaos.org/news/aaosnow/apr14/clinical5.asp

 38. Xu X, Hu M, Liu J, Zhu Y, Wang B. Minimally invasive reconstruc-
tion of the lateral ankle ligaments using semitendinosus autograft or 
tendon allograft. Foot Ankle Int. 2014;35(10):1015–21.

 39. Miller AG, Raikin SM, Ahmad J. Near-anatomic allograft tenodesis 
of chronic lateral ankle instability. Foot Ankle Int. 2013;34(11): 
1501–7.

 40. Park YS, Sung KS. Surgical reconstruction of chronic achilles tendon 
ruptures using various methods. Orthopedics. 2012;35(2):e213–8.

 41. Hanna T, Dripchak P, Childress T. Chronic achilles rupture repair 
by allograft with bone block fixation: technique tip. Foot Ankle Int. 
2014;35(2):168–74.

 42. Mook WR, Parekh SG, Nunley JA. Allograft reconstruction of 
peroneal tendons: operative technique and clinical outcomes. Foot 
Ankle Int. 2013;34(9):1212–20.

 43. Bussewitz BW, Hyer CF. Interference screw fixation and short har-
vest using flexor digitorum longus (FDL) transfer for posterior tib-
ial tendon dysfunction: a technique. J Foot Ankle Surg Off Publ Am 
Coll Foot Ankle Surg. 2010;49(5):501–3.

 44. Lee DK. Achilles tendon repair with acellular tissue graft augmen-
tation in neglected ruptures. J Foot Ankle Surg Off Publ Am Coll 
Foot Ankle Surg. 2007;46(6):451–5.

 45. Lee DK. A preliminary study on the effects of acellular tissue graft 
augmentation in acute Achilles tendon ruptures. J Foot Ankle Surg 
Off Publ Am Coll Foot Ankle Surg. 2008;47(1):8–12.

 46. Liden BA, Simmons M. Histologic evaluation of a 6-month 
GraftJacket matrix biopsy used for Achilles tendon augmentation. 
J Am Podiatr Med Assoc. 2009;99(2):104–7.

 47. Barboni B, Russo V, Curini V, Mauro A, Martelli A, Muttini A, 
et al. Achilles tendon regeneration can be improved by amniotic 
epithelial cell allotransplantation. Cell Transplant. 2012;21(11): 
2377–95.

13 Orthobiologics in Foot & Ankle

http://www.aaos.org/news/aaosnow/apr14/clinical5.asp


127© Springer International Publishing Switzerland 2016
V. Valderrabano, M. Easley (eds.), Foot and Ankle Sports Orthopaedics, DOI 10.1007/978-3-319-15735-1_14

Rehabilitation, Back to Sports 
and Competition

Abdulhameed Alattar and Shaju Kareem

Abstract

Ankle injuries are the most common among the sports injuries, of which ankle sprains and 
recurrent ankle sprains are more frequent. This chapter discusses various aetiology and the 
pathomechanical factors responsible for the ankle sprain, grading of ankle sprains and their 
management at all the stages of recovery till the return to sports or competition. Long term 
follow up studies have demonstrated, functional treatment superior to surgical repair. The 
criteria in progressing to each stage is very crucial and is tabulated at each phases of tissue 
healing. Functional progression of early mobilisation with external ankle support is empha-
sised throughout the chapter. As chronic ankle instability is important sequelae of acute 
ankle injury, the preventive program is described to the end of the chapter.
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Introduction

This chapter addresses the rehabilitation and return to sports 
and competition on the common example of ankle sprains.
Ankle was found to be the most common site of injury in 
sports and other physically active individuals. Of all the inju-
ries presented to the emergency department 22 % were ankle 
injuries. Of that the ankle sprains were more common than 
the fractures with a ratio of sprain to the fractures as 8:1 [2]. 
The highest rates of ankle sprains were found in girls aged 

10–14 years. In USA it is estimated to have one ankle sprain 
in every 10,000 people daily [1]. Of all the ankle sprains 
80 % accounts for lateral sprains 16 % syndesmosis sprain 
and 4 % medial ankle sprains [2].

After a sprain, 30 % will have persistent residual symp-
tom and decreased sporting performance and high risk of 
recurrence. Similarly after an ankle fracture symptoms like 
pain, swelling and stiffness persist into long-term [3]. The 
most common predisposing factor to lateral ankle sprain is 
history of at least one previous ankle sprain. Individual who 
suffer repetitive ankle sprain develop chronic ankle instabili-
ties which can be either a mechanical instability or functional 
instability or a combination of both [4].

For acute ankle sprains no benefit of surgical repair has 
been shown over functional treatment with respect to repeat 
injury or return to function [5]. Functional treatment includes 
the use of removable and variable immobility devices with 
early exercises and early weight bearing activities as tolerated. 
An effective rehabilitation after a sprain or a fracture managed 
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conservatively or surgically often determines the success. The 
goal is to return the athlete to participate in sports as early as 
possible while allowing the injured tissue to heal without com-
promising it by further injury [2]. During the functional reha-
bilitation, the type of injury, severity, healing time, type and 
level of activity, foot type,biomechanics of lowerlimbs, and 
extrernal support as bracing or taping is to be considered.

 Eitiology and Pathomechanics

Important for the decision making of the treatment and reha-
bilitation of an ankle injury is the knowledge of the etiology, 
history, and pathomechanism. Lateral ankle sprains most 
commonly occurs due to excessive inversion and plantar- 
flexion of the hindfoot with external rotation of the lower leg. 
Anterior talofibular ligament (ATFL) is the first ligament to 
be damaged followed by the Calcaneofibular ligament 
(CFL). Injury to Posterior Talofibular ligament (PTFL) is 
seen only in severe ankle injury and often accompanied by 
fracture, dislocation or both [1].

Medial ligament Injuries are occasional as it requires 
more force to sprain this strong ligament. Eversion injuries 
can sprain this ligament and It takes more time to rehabilitate 
the medial ligament injuries when compared to the lateral 
ligament. Occasionally both ligaments may be injured in an 
ankle sprain or medial ligament injury can accompany frac-
tures of medial malleolus, talar dome and the articular sur-
faces. Syndesmosis injury is less common, occurs with 
external rotation and or hyper dorsiflexion of the ankle, lead-
ing to the widening of the mortise resulting in the disruption 
of syndesmosis and talar instability.

A fracture affecting one or more malleoli can be difficult 
to be indentified from the sever ligament injuries as the 
mechanism of injury is the same. Displaced fracture requires 
surgery and a rehabilitation program should follow a surgical 
procedure or upon the cast removal. The rehabilitation guide-
lines are the same as for the ankle sprain.

 Management

An understanding of the body’s response to injury is impor-
tant to design a rehabilitation program. The ligament injuries 
are graded or classified based on the severity of the injury, 
number of ligaments involved, or based on clinical presenta-
tion. The American Medical Association (AMA) classifies 
the ligament injuries in Grade 1–3 (Table 14.1).

Principles of rehabilitation remains the same for all the 
grades and follow the tissue repair phases and time scales 
(Fig. 14.1). After an initial insult, there is bleeding and tissue 
damage. The inflammatory response is initiated followed by 
proliferative and maturation phase. The phases of rehabilitation 
coincide with the tissue healing phases. The time frame for 
each phase varies depending on the grades of injury (Table 14.2). 
The goals of each phase vary and overlap with the next phases.

 Acute Stage

The main goals for treatment will be to protect the ankle 
from further injury, provide an environment to heal, and to 
reduce pain and control swelling. The ankle may be rested in 
non-weight bearing or with controlled weight bearing as tol-
erated (Table 14.3).

PRICE (Protection, Rest, Ice, Compression, and 
Elevation) is used at this phase to reduce pain and control 
swelling and to prevent further damages. Based on  level of 
pain, severity of injury and level of muscle activation the 
ankle is protected either by strapping, ankle braces, or 
removable boots (Fig. 14.2). Crutches may be used to rest 
the ankle with appropriate weight bearing. Progress from 
non-weight bearing to partial weight bearing as tolerated. 
Patient is taught crutch walking including ascending and 
descending stairs. The early controlled weight bearing as 
tolerated (WBAT) limits muscle atrophy, limits propriocep-
tive loss, limits circulatory stasis and chronic pain. Protected 
motion facilitates collagen alignment and stronger healing.

Table 14.1 American Medical Association (AMA) ligament injuries 
classification

Grade 1 Ligaments stretched

Grade 2 Ligaments partially torn

Grade 3 Ligaments completely torn

Fig. 14.1 Tissue repair phases and timescale
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Studies have shown that wet ice is more effective in pro-
ducing analgesia [6]. It is more beneficial when used along 
with compression using wet bandages to reduce pain and 
swelling. Patient is advised to apply ice for 10 min every four 
waking hours. Ice and compression can be provided simulta-
neously and conveniently using simple modalities like Cryo- 
Cuff, Game Ready, or an Icebag with compression (Fig. 14.3).

Compression can be provided by elastic straps or wraps, 
patient needs to be taught the application as re-application 
may be necessary to maintain the compression. Horseshoe 
felt is used behind the malleolus to prevent further swelling. 
Elevating the injured ankle above the heart level is advised 

initially to prevent swelling or further bleeding. Lymphatic 
drainage done proximal to distal with the legs elevated initi-
ated at this stage is highly useful in dispersing the fluid. Toe 
movements are encouraged many times a day. TED stocking 
extending from the toes to mid thigh may be advised to pre-
vent venous stasis and to encourage venous return.

Precaution No active or passive inversion and eversion past 
neutral, for a lateral and medial sprain respectively and no 
end range plantar or dorsiflexion is encouraged. For syndes-
mosis injury, avoid active/passive end-range dorsiflexion and 
eversion, Night Splits are advised to be worn to further pro-
tect the injured ligament.

 Sub-acute Stage

Criteria to Progress Once the pain and swelling is con-
trolled with a near normal gait pattern treatment can be pro-
gressed to the subacute stage (Table 14.4).

The duration of this sub-acute stage varies with the sever-
ity of injury and can be from 2 days till a week (Table 14.5). 
Treatment at this stage is aimed to reduce the pain and swell-
ing, and to increase the painfree range of motion of the 
injured ankle (Table 14.6). Strengthening exercises can be 
initiated at this stage along with the proprioceptive exercises, 
Progress the weight bearing on the injured limb as tolerated 

Table 14.2 Time frame of tissue healing phases

Phases Stages Duration

Phase 1 Acute 1–3 days

Phase 2 Sub Acute 2 days–1 week

Phase 3 Rehabilitative 1 week–6 weeks

Phase 4 Functional/Return to play 2 weeks–months

Table 14.3 Goals of acute stage in ankle sprain

Goals: acute stage (Phase 1)

• Protection of injured joint

• Pain management

• Control inflammation and swelling

• Progress weight bearing as tolerated

a b

Fig. 14.2 Protecting orthotics. (a) Ankle Brace, as the Aircast Ankle Brace (DJO Global); (b) removable boot, as the Aircast Walker (DJO 
Global)
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with protective support as needed. Depending on severity, 
the weight bearing on crutches can progressed from two 
crutches to single crutch to weaning of crutches or continue 
PWB throughout in the phase. Emphasis on gait training 
with normal gait pattern without limbing, Cryotherapy with 
compression is continued to control pain and swelling. 
Electrotherapy modalities like Pulsed Ultrasound, LASER 
and Interferential or TENS Therapy may be useful at this 
stage. Contrast bath can be used with the clearance from the 
physician. Gentle cross friction massage to the injured liga-
ment can reduce the pain and help in the orientation of col-

lagen fibers during the healing stage. Lymphatic drainage 
and use of TED stockings is continued to prevent circulatory 
complications.

Neuro-muscular stimulation to the muscles with the foot 
on the floor to avoid any movement at the ankle is found to 
be advantageous in the early stage to prevent muscle atrophy 
(Fig. 14.4). Painfree isometric exercises to all the muscle 
group of the injured ankle is started and progressed to eccen-
tric and concentric exercises with elastic resistance bands or 
cords or using ankle weights. Closed kinetic chain exercises 
in sitting like the heel raise exercise progressing to standing 
is also advised later in the stage. The Tibial and Peroneal 
group muscles are emphasized.

Aquatic exercises has profound effect at this stage to train 
a near normal gait and muscle activation. The buoyancy 
reduces the compressive force and supports injured tissues. 
The underwater cameras in the hydrotherapy pool can enable 
the athlete to have a visual feed back of his gait in sagittal 
and frontal plane.

Neuromuscular deficits are evident following the ankle 
injuries and will predispose to chronic functional instability 
[7, 8]. Proprioceptive training can be initiated respecting the 
weight bearing status, progression is made from stable surface 
to unstable surface. These activities are done in sitting, pro-
gressing to standing (Fig. 14.5). Rocker board activities for 
plantar flexion/Dorsiflexion is done initially at a painfree 
range, It may be required to block certain range of movement 
to prevent stressing the injured ligament. See the precaution 
section for each stage.

Painfree self stretching of Achilles tendon using a towel 
with no eversion/inversion in sitting can be taught to the 
patient. Low load long duration stretching that gently pro-
motes tissue creep is effective. Grade 1 and 2, mobilization 

a b

Fig. 14.3 Cryotherapy with compression. (a) Cryo-Cuff, (b) Game Ready

Table 14.4 Criteria to progress to phase 2 (Sub-Acute Stage)

Criteria to progress to Phase 2 (Sub-Acute Stage) (Table 14.2)

Controlled swelling and pain

Near normal gait pattern with crutches

Table 14.5 Duration of the Sub-Acute Stage. The duration depends on 
the grade of ligament injury

Sub-Acute Stage duration

Grade 1 2–4 days

Grade 2 3–5 days

Grade 3 4–8 days

Table 14.6 Goals of Sub-Acute Stage

Goals: Sub-Acute Stage

• Decrease pain and swelling

• Initiate or increase painfree ROM

• Begin Strengthening exercises

• Begin proprioceptive exercises

• Provide protective support as needed
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a

b

c d

Fig. 14.4 Neuromuscular stimulation and Isometric Exercises in the Sub-Acute Stage. (a) Neuro-Muscular Stimulation, (b) toes exercises, (c) 
sitting heel raise, (D) standing heel raise
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Fig. 14.5 Functional stability training. (a) Wobble board sitting, (b) self-stretching, (c) Core stability with the Swiss Ball, (d) Aquatic Exercises 
and gait training in Hydro-Works

ba

techniques and Manual therapy like Movement with mobili-
zation  techniques may be useful to gain painfree dorsiflexion 
and plantar- flexion [9].

Cardiovascular fitness of the athlete is maintained using 
an upper extremity ergometric exercises. The parameters of 
the exercises are prescribed based on the American College 
Of Sports Medicine guidelines. The injured ankle is pro-
tected from unwanted stress on the ligament. As ankle is a 
part of the lower limb kinetic chain initial level core stability 
exercises are started and progressed at this stage. Activities 
while sitting on Swiss ball can be a good initial core exer-
cises as well as proprioceptive exercises for the injured 
ankle. Exercises and gait training in water improves the 
functional stability.

Precautions Precaution at this stage include no active or 
passive inversion past neutral and no active or passive plantar- 
flexion past resting position for lateral sprains. No active/pas-
sive end range dorsiflexion and no active/passive external 
rotation/eversion for syndesmosis sprains and medial sprains

 Rehabilitation Stage

 Criteria to Progress to Rehabilitation Stage
The next stage in treatment , the rehabilitation stage is started 
if the ankle has minimal swelling and pain with a reasonable 
gait pattern (Table 14.7).

At this stage, which might go from week 1 to week 6 
depending on the grade of injury (Table 14.8), we aim for a 
normal gait pattern with full weight bearing, full pain free 
range of motion with reasonable muscular strength around 
the injured ankle. Proprioceptive and core stability exercises 
are progressed to intermediate and advanced level maintain-
ing the cardiovascular fitness. Any residual pain and swell-
ing at the end of the exercise is managed (Table 14.9).

Early mobilization facilitated by external ankle support 
appears to be preferred treatment for a lateral ankle ruptures in 
elite athlete [10]. The weight bearing can be progressed to full 
weight bearing at this stage. The use of orthosis such as cus-
tomized shoe inserts provides somatosensory benefits, may 
correct alignment of rear and fore foot for proper  muscle acti-
vation and reduce unnecessary strain on the injured ligament 
[11]. The injured ankle should be supported by a semi rigid 
orthosis while walking and exercising to enable functional 
activities while protecting the injured ligament [12–14].

Progress with the range of motion exercises at the ankle in 
all direction, limited to prevent the stretching of the injured 
ligament (see the precaution at this phase). Achilles tendon 
stretching intensity increased from bilateral to unilateral 

Table 14.7 Criteria to progress to Phase 3 (Rehabilitation Stage)

Criteria to progress to Phase 3 (Rehabilitation Stage)

• Minimal or controlled swelling and pain

• Normal gait pattern
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c1

d

c2

Fig. 14.5 (continued)
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a1 b

a2 c

Fig. 14.6 Elastic band exercises. The pictures (a–c) show the different options for elastic band excercises

Table 14.8 Duration of the Rehabilitation Stage. The duration 
depends on the grade of ligament injury

Rehabilitation Stage Duration

Grade 1 1 week

Grade 2 2 week

Grade 3 3 week–6 weeks

Table 14.9 Goals of Rehabilitation Stage

Goals: Rehabilitation stage

• Increase Pain Free ROM

• Progress strengthening exercises

• Progress proprioceptive training

• Pain free full weight bearing and decompensated gait

• Increase pain free ROM

• To manage any residual pain and swelling
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stretching in standing. Manual mobilization techniques can 
aid in improving dorsiflexion and plantar flexion. Strengthening 
of weak muscles aids rapid recovery and prevent recurrence of 
ankle injuries [15]. Progress the intensity of eccentric and con-
centric exercises to all the muscle groups, emphasizing the 
tibial and the peroneal group of muscles. Avoid the compensa-
tory rotation at the hip and knee to target the ankle muscles. 
Exercises using manual resistance by the therapist or by elas-
tic resistive bands and ankle cuffs weights are suggested 
(Fig. 14.6). Daily Adjustable Progressive Resistant Exercises 
(DAPRE) program can be used for strength training in ankle 
[16]. PNF techniques using slow reversals and rhythmic stabi-
lization can help to regain the agonistic and antagonistic func-
tion and more stabilization of the ankle. Isokinetic testing and 
training can be initiated at this stage [17]. Continuous moni-
toring of strength of the ankle muscles are done by a simple 
hand held dynamometer. Hydrotherapy can be progressed 
with the resistance and functional exercise can be introduced 
in water. The turbulence used by water jets can add resistance 
to the exercises in a hydrotherapy pool (Fig. 14.7).

Proprioceptive exercises can be progressed from the exer-
cises done in sitting to standing, bilateral to single leg activi-
ties, exercising on stable surface to unstable surfaces, 
activities with eyes open to eyes closed, with and without 
distraction (Fig. 14.7). The single leg balance and postural 
sway can be tested and trained on a Balance master 
(Fig. 14.7). Core stability can be progressed from 
Intermediate to advanced level, and can be incorporated into 
functional activities. At this stage it is also important to 
check hindfoot correcting and supporting orthosis, as insoles 
or semi-rigid braces (Fig. 14.8).

Precaution Include no passive end range Inversion and 
plantar flexion for lateral ligament sprains and no passive 
end range dorsiflexion & passive end range eversion for syn-
desmotic & medial injuries

 Functional Stage

 Criteria to Progress to Functional Stage (Phase 4)
Once full range of motion is achieved with 80 % strength of 
the muscles controlling the ankle compared to unaffected 
side and if a single leg balance can be maintained for 30 
seconds with the eyes closed, the patient is ready for the next 
stage of rehabilitation, the functional stage or return to sports 
phase (Table 14.10).

The duration of this phase can be extended to few months 
depending on the severity of the injury (Table 14.11). The goal 
is to prepare the athlete for return to full activity in sports. The 
individual goals are summarized in the Table 14.12.

A functional progression is a succession of activities that 
simulate actual motor and sports skills, enabling the athlete 

to acquire the skills needed to perform athletic endeavors 
safely and effectively. It must involve gradual progression of 
functional activities and includes plyometrics and speed agil-
ity training specific to the athletes specific sports activity 
(Fig. 14.9). The activities are designed so that it slowly 
increases the stress on injured structures. Exercises include 
walking with progression to jogging and then to running in 
straight line. That is progressed to running forward and back-
ward and sprinting. Equipments such as cones, ladder and 
hurdles are used to advance the difficulty. Plyometrics enable 
a muscle to reach maximum force in the shortest possible 
time. The muscle is loaded with an eccentric (lengthening) 
action, followed immediately by a concentric (shortening) 
action. This includes activities like box jumping of different 
heights, hopping forward and backward and sideways etc. 
Speed and agility training is the logical sequence of progres-
sive drills for pre-sports conditioning and provide objective 
criteria for safe return to sports. This includes activities like 
running in figure of eight, box running, cutting and hopping 
on command and carioca progressing to quick, intense and 
dynamic activities (Fig. 14.10).

Prophylactic ankle support with a lace up ankle brace or 
athletic taping can be done prior to the activities to aid an 
extra protection. Lace up ankle brace is more beneficial to 
provide proprioceptive stimulation with no skin complica-
tion as the athletic tapes and provides mechanical stability in 
a cost effective way comparing to the tapes. Braces are easy 
to use and require no professional support. The core stability 
and proprioceptive training is progressed to the advanced 
level and should be incorporated to the functional activities. 
Frequent assessment of lower limb biomechanics is manda-
tory and necessary orthotic support is modified.

Precaution The precaution includes careful progression of 
dynamic activities in lateral planes for medial and lateral 
sprains.

 Criteria to Return to Play

Criteria to return to play includes, being pain free with 
85–90 % strength compared to normal side and gradual pro-
gression of functional activities with sports specific drills done 
painfree at game speed with a good quality of movement and 
stability. The athlete can start with practice, half time pro-
gressing to full time and then into competition (Table 14.13).

 Rehabilitation Following Ankle Fracture

Ankle sprain can go together with an ankle fracture. Stable 
ankle fracture is managed by conservative fracture reduction 
and the unstable fractures may need surgical intervention, in 

14 Rehabilitation, Back to Sports and Competition



136

Fig. 14.7 Possible excercises in rehabiltiation phase. (a) Exercises 
against the resistance of water turbulence using water jets in hydro-
therapy pool, (b) single leg ankle stretches in standing, (c) upper 
extremity ergometry to maintain and improve cardiovascular fitness, 
(d) isokinetic testing and training, (e) ankle range of motion, (f) bilat-

eral heel raise, (g) ankle push ups, (h) lunges with weight, (i) single heel 
raise, (j) proprioceptive exercises (bilateral), (k) proprioceptive exer-
cises (single leg), (l) propriocetive exercises (advanced), (m) core sta-
bility exercises, (n) balance testing & training using balance master

a b

c d
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Fig. 14.7 (continued)
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Fig. 14.7 (continued)
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Fig. 14.7 (continued)
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both cases there will be a period of immobilization followed 
by rehabilitation. During the immobilization period follow-
ing the surgery, an early introduction of activity may be ben-
eficial. This includes using a removable type of orthosis or 
brace gentle ankle exercises and early weight bearing. This 

has shown possible improvement in function, reduction of 
pain and swelling and improvement of ankle range of motion. 
This treatment needs to be applied judiciously in clinical 
practice to avoid any adverse effects. This is beneficial than 
complete immobilization in a cast [18]. Following the immo-
bilization period, the treatment includes gradual increase in 
activities, progression of exercises to improve weight bear-
ing, ankle range of motion, strength, proprioception, and 
functional training and modalities to manage pain and swell-
ing. The rehabilitation will follow the same guideline as for 
the ankle sprain mentioned earlier.

a b

c

Fig. 14.8 Check and choice of orthosis. (a, b) Checking the shoe inserts. (c) Protection by a semi-rigid orthosis

Table 14.10 Criteria to progress to Phase 4 (Functional Stage)

Criteria to progress to Phase 4 (Functional Stage)

• Full range of motion

•  80 % strength of the muscles controlling the ankle compared 
to unaffected side

• Single leg balance maintained for 30 s with the eyes closed

Table 14.11 Duration of the Functional Stage or Return to Sports 
Phase. The duration depends on the grade of ligament injury

Grades Duration

Grade 1 1–2 weeks

Grade 2 2–3 weeks

Grade 3 3–6 weeks up 
to 6–12 months

Table 14.12 Goals of Functional Stage

Goals of Functional Stage

• Regain full strength and range of motion in all the planes

• Normalizing the lower limb biomechanics

• Protection and strengthening of any mild joint instability

•  Improving fitness, Advanced proprioceptive & Core Stability 
incorporated into functional activities

• Progress to running, plyometric and agility training

• Sports specific/work specific functional training

• Return to competition/training with the team
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WALKING
PAINFREE

SIDE STEPS LUNGEs STEP UPS JOGGING SPRINTING BOXRUNS CARIOCA
JUMPING

& HOPPING
PLYOMETRICS

AGILITY TRAINING
SPECIFIC

Fig. 14.9 Agility training stages (sports-specific)

a

b

c

Fig. 14.10 Exercises in functional stage or return to play phase. (a) Exercises in trampoline, (b) shuttle exercises, (c) jumping in squares, (d) box 
jumping, (e) jumping & landing on slanding surface, (f) zig zag running, (g) carioca, (h) figure of 8 running, (i) S curve running, (j) combined 
drilled, (k) cone drills, (l) ladder drills, (m) hopping on command
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Fig. 14.10 (continued)

 Prevention

75 % of those sustained ankle injury had a history of ankle 
sprains not well rehabilitated [19]. 20–40 % suffer from 
chronic ankle instability (CAI) which is the sequelae of acute 
ankle injury and 50 % of the CAI are due to functional insta-
bility. Deficits are seen in ankle proprioception, cutaneous 
sensation, nerve conduction velocity, neuromuscular 
response time, postural control and strength [20]. Continuing 
the functional drills with multi-directional balance board 
activities, strengthening emphasizing the tibial and the pero-

neal muscles and use of appropriate protective support to the 
ankle with a lace-up ankle brace while playing can prevent 
the recurrence of ankle injury as well as chronic ankle 
instability.

 Summary

• Functional treatment is the treatment of choice for acute 
ankle sprains.

• Functional rehabilitation provides better results than 
immobilization.

• The rehabilitation process of an ankle sprain goes through 
these four stages/phases: acute stage, sub-acute stage, 
rehabilitation stage, functional stage or return to sports 
phase.

• Recurrence can be prevented to an extend with ongoing 
functional rehabilitation with strengthening and proprio-
ceptive exercises and prophylactic ankle support.

Table 14.13 Criteria to return to play

Criteria to return to play

• Pain free activities

• 85–90 % strength compared to normal side

• Gradual progression of functional activities with stability

• Completed sports specific drills at full speed and good quality

• Completed specific testing by the physician
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• Criteria to return to play includes being pain free with 
85–90 % strength compared to normal side and gradual 
progression of functional activities with sports specific 
drills done painfree at game speed with a good quality of 
movement and stability. The athlete can start with prac-
tice, half time progressing to full time and then into 
competition.
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Acute Fractures (Lower Leg, Ankle, 
Hindfoot, Midfoot, Forefoot)
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Abstract

Fractures of the lower leg, ankle, hindfoot, midfoot, and forefoot are common injuries. 
Etiology involves accidents and fall from heights as well as sports related injuries. Clinical 
symptoms involve pain, swelling, and hematoma formation as well as limping. A precise 
and sport disciple focused history and clinical examination is essential. X-Rays are obtained 
most often, depending on the expected injury, ultrasound, CT or MRI scans can provided 
helpful additional information to facilitate an appropriate classification. For all fractures it 
is essential to search for tendon or ligament injuries which need to be addressed as well. An 
overlooked soft tissue injury poses a potentially irreversible threat to recovery, especially in 
athletes. Anatomical reconstruction of the joint lines as well as soft tissue repair and balanc-
ing is the key to success, allowing a fast individually adapted rehabilitation program bring-
ing our patients back to sports. In professional athletes the rehabilitation time frame might 
vary strongly and the individual rehabilitation program has to be adjusted to fasten the 
return to the pre-injury level.
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 Acute Fractures (Lower Leg, Ankle, Hindfoot, 
Midfoot, Forefoot)

 Etiology and Pathomechanism

Fractures of the lower leg, ankle or foot are common [1]. The 
etiology involves traffic accidents and fall from height but 
sports related trauma can be involved either. The distinct 
trauma mechanism, eventually video taped in professional 
athletes, patients’ reports, and X-rays studies, can provide 
important hints to the injury pattern.

 Symptoms

Clinical symptoms involve pain, swelling, and hematoma 
formation. Especially spontaneous partial or non-weight 
bearing, limping, and disability for competition may be seen.

 History

Especially in athletes, pain and the pain course (sudden 
appearance or slowly evolving), training amount, injury 
mechanism, equipment type, and other informations are 
essential. Especially in potential chronic cases a profound 
history evaluation cannot be stressed enough.

 Clinical Investigation

It is essential to investigate the entire, unclothed ankle and 
lower leg as well as the foot for pain caused by pressure or 
crepitation. It is important to assess soft tissues injuries and 
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the status of blood perfusion. Potential nerve injuries have to 
be checked as well as a sign of a compartment syndrome. 
The knee joint has to be included in the clinical investigation 
not to miss the proximal fibula. Severely malposition or dis-
location of the joint requires immediate reduction and splint-
ing. Even though, the initial clinical examination should be 
performed carefully until fractures are ruled out by 
radiographs.

 Imaging

To evaluate the ankle joint, x-rays in two planes (anterior- 
posterior (mortise-view) and lateral) should be performed. 
According to the suspected injury pattern, additional 
images should be added. A dorso-plantar and lateral projec-
tion of the foot and the Saltzman view can provide essential 
information about foot configuration, potential fractures 
and inframalleolar alignment [2]. The Harris projection 
(oblique projection) should be added to evaluate the calca-
neus more detailed. If a proximal fibular fracture is sus-
pected, x-rays of the knee in two planes should be performed 
as well.

In elective or chronic cases x-rays of the ankle joint and 
the foot are performed with weight bearing. A computer 
tomography (CT) scan can be very helpful improving clas-
sification of the distinct fracture pattern and planning of sur-
gery [3].

In adults magnetic resonance imaging (MRI) is usually 
not indicated to exclude fractures. Nevertheless to diagnose 
potential injuries of tendons, ligament and cartilage, MRI is 
often used as a very powerful additional technique, espe-
cially in professional or pediatric athletes [4].

Ultrasound can help in an acute setting to diagnose a ten-
don, ligament or muscle injury fast.

 Lower Leg and Ankle Fractures

Although sports equipment and preventive sports have 
reduced the amount of foot and ankle sports lesions in the 
last years, sports with jumpings and landings, rotational 
actions, uneven ground, etc, like football, soccer, volleyball, 
basketball, athletics, etc. can be affected by lower leg and 
ankle fractures.

 Classification

Lower leg and ankle fractures can be simply described as 
uni-, bi-, or trimalleolar fractures.

The Danis-Weber classification modified by the AO 
Foundation is a commonly used classification [5]:

Danis-Weber Type A: below the syndesmosis
Danis-Weber Type B: at the level of the syndesmosis
Danis-Weber Type C: above the syndesmosis (Fig. 15.1).

It is necessary to search for additional injuries:

 1. A high fibula fracture (Maisonneuve-fracture)
 2. A bony avulsion of the posterior tibia (Volkmann-fragment)
 3. A bony avulsion of the anterior tibia in adolescents 

(Tillaux- Chaput-fragment) and
 4. An avulsion on the ventral syndesmosis on the fibular 

side (Wagstaffe-fragment) [6, 7].

A more precise classification (also for studies and interna-
tional comparison) is the current AO classification for ankle 
fractures: 44-A1-3 (and subtypes), 44-B1-3 (and subtypes), 
44-C1-3 (and subtypes).

Another more pathomechanistically classification is the 
Lauge-Hansen classification [8–10]:

 – Pronation – Abduction injury
 – Pronation-External (Eversion) Rotation injury (Fig. 15.1)
 – Supination – Adduction injury
 – Supination – External (Eversion) Rotation injury

 Therapy

 Conservative Treatment
Non-displaced, or stable fractures, which are only minimally 
displaced, can be treated conservatively. This involves a sta-
bilizing orthosis, walker or cast for Danis-Weber Type-A 
fractures. Pain adapted weight bearing should be supported 
by proprioceptive physiotherapy and early functional train-
ing. A vacuum walker should be preferred over a cast due to 
the comfort of the patient [11]. Radiographic controls should 
be obtained, especially in the first 2 weeks, not to miss a 
displacement of the fracture.

 Surgery
Anatomical reconstruction of the ankle joint is essential to 
achieve optimal results and prevention of posttraumatic osteo-
arthritis. Potentially injured tendons and especially stabilizing 
ligaments should be reconstructed as well to improve the func-
tional outcome. Therefore surgery is indicated for all unstable 
and/or severely dislocated fractures (44A1-3 if displaced and 
unstable, 44B1 fractures is dislocated, and all fractures from 
44B1.2 and above (Fig. 15.1). Open reduction and internal 
fixation (ORIF) should be performed. Time is of the essence 
and the 4–6 h time slot after the trauma should be used to 
avoid soft tissue complications and to fasten return to sports.

Surgery of the ankle joint is usually performed via the 
distal longitudinal lateral approach to the fibula. Additional 
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incisions have to be added as required and demanded by the 
specific co-injuries. Gentle soft tissue management is essen-
tial. Ankle arthroscopy can be very useful to control fracture 
reduction and to investigate the joint for osteochondral 
lesions [12].

Type A-fractures can either be stabilized with lag-screws 
or cannulated screws. Tension-band wiring or plating might 
be used as well.

Type B and C fractures should be reduced in length and 
rotation anatomically with reduction forceps. A lag srew can 
provide interfragmentary compression while a neutralization 
plate or modern fixed-angle implants should be used to stabi-
lize the reposition. In cases of proximal fibula fractures 
(Maisonneuve-fractures) a osteosynthesis of the proximal 
fibula itself is generally not necessary. Nevertheless the 
interosseus membrane as well as the syndesmosis are often 
ruptured in these cases and require surgical reconstruction, 
e.g. by syndesmotic screws or a tight rope system.

 Rehabilitation and Back-to-Sports

Restoring the range of motion is essential for a fast rehabili-
tation process. Postoperative mobilisation on crutches or 
walkers should be adapted to the fracture pattern and the 
treatment concept as described above. In compliance with 
the surgeon’s instructions non weight-bearing or partial 
weight-bearing should be preferred for 6 weeks. After a 
follow- up X-ray, weight-bearing can be increased in 
10–20 kg per weeks. Especially ligamentous injuries require 
proprioceptive physiotherapy to avoid the development of 
chronic ankle instabilities. Depending on the type of injury 
back to training is possible after 12–16 weeks. Contact 
sports and competition level should be generally avoided for 
6 month after the injury. In professional athletes this time 
frame might vary strongly and the individual rehabilitation 
program has to be adjusted to fasten the return to the pre-
injury level [13].

a bFig. 15.1 Trimalleolar, luxated 
ankle fracture Danis-Weber Type 
C with insufficient initial 
reduction (a: a.p. view, b: lateral 
view)
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 Evidence (Description of Highest Evidence 
with Mentioning the Level and Grade 
of Evidence)

The formal level of evidence regarding an optimized treat-
ment algorithm is low by the criteria of evidence based medi-
cine. Nevertheless the results of multiple prospective RCTs 
are expected to be available soon and will hopefully improve 
the treatment in the near future.

 Hindfoot Fractures

 Calcaneal Fracture

Calcaneal fractures account for about 2 % of all fractures [14] 
(Fig. 15.2). These injuries often occur after high-energy trauma, 
for example a fall from height or during a motor vehicle acci-
dent. Athletes in disciplines with increased risk of high ener-
getic trauma to the calcaneus, i.e. climbers, ski jumpers, 
parachuters or acrobats can be affected by this type of injury. 
Calcaneal fractures are often accompanied by severe soft tissue 
trauma. Accompanying injuries like fractures of the vertebral 
column, hip or knee are frequent, thus treatment is challenging.

 Classification

Sanders Classification [15]
The Sanders classification is the mostly used classification 
and is CT-based:

Type 1: no displacement regardless of the number of fragments
Type 2: two part fractures of the posterior surface
Type 3: tree part fractures
Type 4: comminuted fractures with significant  fragmentation 

of the posterior articular surf

Essex Lopresti Classification
The Essex Lopresti classification is a helpful tool to grade a 
calcaneal fracture based on X-rays [16]:

• extra-articular
• intra-articular
• tongue fracture
• joint depression fracture

 Therapy: Conservative Treatment and Surgery 
(Approach, Technique, Risks, Aftertreatment)

Conservative Treatment
Conservative treatment is indicated in fractures with a 
minimal degree of dislocation and lowering of the articu-
lar surface (Sanders Type 1) only or in smokers or dia-
betic patients. The treatment includes cooling and 
elevation of the limb, as well as immobilization in a 
removable splint or walker for 6 weeks followed by 6 
weeks of partial weight bearing. Control X-rays should be 
done after a week from injury and at monthly intervals. 
Conservative treatment might lead to a higher number of 
patients suffering from osteoarthritis and chronic pain 
syndromes [17].

a b c

Fig. 15.2 Calcaneal fracture: (Sanders Type II). (a: a.p.view, b: lateral view, c: calcaneal axial view)
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Surgery
ORIF should be performed in Sanders Type 2–4 fractures 
(Fig. 15.2). The standard extensile lateral hindfoot-approach 
should be used. Interfragmentary screws as well as angular- 
stable plates for neutralization and stabilization of the poste-
rior facet, lateral wall and anterior process of the calcaneus 
can be utilized [18, 19]. Typically bone grafting (autologous, 
allograft, synthetic fillers) is necessary to fill up the defect 
within the calcaneus. An alternative approach and treatment 
technique is the minimal invasive ORIF with an incision over 
the sinus tarsi and percutaneous incisions, using a angular 
stable plate on the lateral wall of the posterior facet and can-
nulated screws [20–22].

The postoperative management includes 6 weeks of non- 
weight bearing followed by 6 weeks of partial weight bearing 
adapted to the healing process. Besides general surgery 
related risks, infections, wound healing complications, osteo-
necrosis, and posttraumatic osteoarthritis are major risks [19].

 Talar Fractures

Only 3 % of all fractures are talar fractures resulting from 
trauma as described above (see section “Calcaneal Fracture”) 
[23].

Talar factures are devided in talar head fractures, talar neck 
fractures, talar process fractures, talar body fracture, and osteo-
chondral lesions. The most common are talar neck fractures 
(weakest area of the talus), talar process fractures (e.g. lateral 
talar process fracture: snowboarder’s ankle; see Chap. 68), and 
osteochondral lesions in the ankle joint (see Chap. 16).

 Talar Neck Fractures

Classification
The mostly used classification for talar neck fractures is the 
Hawkins classification [24]:

Hawkins I fractures: nondisplaced vertical fractures of the 
talus neck

Hawkins II fractures: displacement of the neck of the talus 
and as well as a subluxation of the of the subtalar joint.

Hawkins III fractures: displacement of the subtalar and tib-
iotalar joint, currently with a dislocation of the corpus 
posteriomedial

Hawkins IV fractures: Dislocation of the subtalar, tibiotalar 
and talonavicular joint

Therapy: Conservative Treatment and Surgery 
(Approach, Technique, Risks, Aftertreatment)
Conservative Treatment
Nondisplaced fractures (Hawkins Type I) can be treated con-
servatively in cast or walker immobilization with non-weight 
bearing for 6 weeks. X-ray controls should be performed.

Surgery
Since approximately 60 % of the talar surface is covered with 
articular cartilage, any displaced fracture of the neck or body 
of the talus (Hawkins Type II–IV) requires open reduction 
and internal fixation [25]. Severe problems of the blood circu-
lation and the constitution of the patient are relative contrain-
dications of a surgical treatment [26]. Severe bone subluxation 
requires emergent ORIF. Regarding the approaches a com-
bined anteromedial and anterolateral approach or a single 
dorsal anterior approach might be used [27]. Fixation can be 
done with cannulated screws anteroposterior or postero-ante-
rior or by angular-stable plates. Avascular necrosis is a major 
complication since the blood supply of the talus is often com-
promised, which is seen in X-rays with the so called Hawkins-
sign (reduced subchondral talar dome bone density). Further 
complications are equino-varus-supination malalignment and 
posttraumatic osteoarthritis.

 Chopart Joint Dislocation Fractures

Nearly a third of injuries involving the Chopart or Lisfranc 
joints are overlooked or misdiagnosed [28]. They often hap-
pen in patients with multiple traumatic injuries, for example 
after a high energy trauma [29, 30]. Axial load or a forced 
abduction or adduction can be seen as the typical pathomecha-
nism for Chopart joint dislocation. Uncommon are injuries by 
axial load of a plantar flexed foot or severe abduction. This 
leads typically to a lateral luxation of the Lisfranc joints II-V 
and may occur by falling of a horse with the foot in a stirrup or 
a fall off the surfboard with the foot still fixed in straps [31].

 Classification
Zwipps classification disposes fractures of the chopart joint 
into six different types regarding to their dislocating force [23].

 Therapy: Conservative Treatment and Surgery 
(Approach, Technique, Risks, Aftertreatment)

Conservative Treatment
Conservative treatment of closed reduction and stabilization 
in a short leg cast for 6–8 weeks should only be considered 
for mild subluxations of the Chopart joint or if there are 
severe contraindications for ORIF only.

Surgery
Every luxation of the Chopart joint should be treated 
surgically.

If closed reduction is not considered to be stable internal 
fixation by Kirschner wires is used for 6 weeks.

Two approaches, antero-medial and antero-lateral, allow 
a good visualization for open reduction and internal stabili-
zation by screws or Kirschner wires. ORIF provides a better 
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outcome concerning the function of the Chopart joint than 
closed reduction. A primary arthrodesis may be considered 
in patients with massive irreconstructable bone damage [32].

 Rehabilitation and Back-to-Sports After Hindfoot 
Fractures
Conservative as well as surgical treatment require 6 weeks 
of non-weight bearing followed by 6 weeks of partial weight 
bearing. Supportive is an early gentle mobilization of the 
subtalar joint and ankle. Sanders Type 1 and 2 fractures 
have a better outcome compared to Type 3 and 4 fractures 
[15]. Overall, calcaneal fractures are often a turning point in 
the career of professional athletes since return to sports is 
often delayed and it is challenging to reach to pre-injury 
level.

 Prevention
Preventive training programs and proprioceptive training as 
well as strength training help to reduce sports injuries [33]. 
In current studies stretching and proprioceptive training 
before or after sports does not seem to be effective regarding 
the prevention of sport related injuries [34].

 Evidence (Description of Highest Evidence 
with Mentioning the Level and Grade 
of Evidence)
Current studies show surgical treatment of closed, displaced 
calcaneal fractures does not improve outcome when com-
pared with non-operative treatment. The outcome of surgical 
treatment is published to depend mainly on the practice and 
knowledge of the surgeon [19]

 Lisfranc Joint Dislocation

 Classification

Quenu and Küss (1909) classification, modified by Hardcastle 
(1979) and Myerson (1986) [35, 36]

Type A: total incongruity, either medially or laterally displaced.
Type B: Partial incongruity, either medial (type B1) or lateral 

(type B2).
Type C: Divergent displacement, either partial (type C1) or 

total (type C2).

 Therapy: Conservative Treatment and Surgery 
(Approach, Technique, Risks, Aftertreatment)

Conservative Treatment
A closed reduction and cast application should be done in 
patients with contraindications for surgical treatment only 

[37]. A cast is applied for about 6–8 weeks and a strict non- 
weight- bearing is important.

Surgery
Surgery is indicated in unstable or dislocated fractures inju-
ries and should be done within the first 24 h after trauma. 
Closed reduction and percutaneous fixation can be used for 
isolated simple injuries to the first and second tarsometatar-
sal joint.

Comminuted fractures or dislocations should be 
reduced opened and fixed by screws or plates in the 1–3 
tarsometatarsal joints and by K-wires in the 4–5 tarso-
metatarsal joints. The first screw is placed from the medial 
cuneiform to the base of the second metatarsal, followed 
by a screw from the base of the first metatarsal to the 
medial cuneiform and a screw from the third metatarsal 
oblique to the second cuneiform. The reduction of the 
fourth and fifth metatarsal is achieved by the reduction of 
the other metatarsal [37]. Cortical screw fixation in the 
1–3 tarsometatarsal joints allows a better and stable ana-
tomic reduction compares to fixations by Kirschner wires 
[38]. In very communited fractures of the 1–3 tarsometa-
tarsal joints a primary arthrodesis might be a treatment 
alternative.

 Fifth Metatarsal Base Fractures

Fractures of the fifth metatarsal are the most common frac-
tures of metatarsal fractures, frequently seen in sports. Over 
two third of the sport associated fractures of the fifth meta-
tarsal occur in soccer [35].

 Avulsions Fracture
Sudden inversion of the foot is a typical trauma mechanism 
of this proximal base fracture of the fifth metatarsal. It 
accompanies mostly with less dislocation of the fragments 
[39]. Surgical treatment with screws is necessary for frac-
tures with a displacement >2 mm, involvement of the tarso-
metatarsal joint >30 % or a decelerated healing.

Jones Fracture
Acute Jones fracture is caused by adduction of the forefoot 
with a fracture at the proximal metaphyseal-diaphyseal junc-
tion extending into the intermetatarsal joint. In contrast to the 
acute, the chronic Jones fracture is a stress fracture with poor 
healing potential.

 Classification

Dameron-Quill Classification
Dameron-Quill classifications divides fractures of the proxi-
mal fifth metatarsal into three anatomic subgroups:
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 1. Avulsions fractures
 2. Fractures at the metaphyseal/diaphyseal junction (true 

Jones fracture)
 3. Proximal diaphyseal stress fracture [40].

Torg Classification for Fractures Distal 
to the Tuberosity
Type 1: narrow fracture and absence of intramedullary 

sclerosis
Type 2: widening fracture line and evidence of intramedullary 

sclerosis
Type 3: non-union and complete obliteration of the medullary 

canal by sclerotic bone [41].

 Therapy: Conservative Treatment and Surgery 
(Approach, Technique, Risks, Aftertreatment)

Avulsions Fracture
Conservative Treatment
All non-displaced or minimal displaced avulsions fractures can 
be treated conservatively by partial weight bearing or weight 
bearing if tolerated [42] [43]. Other options are hard sole shoes 
or a short leg cast, but recent studies showed better results of 
return to work and sports by using elastig wrapping [44].

Surgery
Every displacement over 2 mm, comminuted fractures or 
fractures involving more than 30 % of the cubometatarsal 
joint should be reduced and fixed by small fragment screws 
[43]. Postoperative treatment includes partial weight bearing 
and casting for approximately 6 weeks.

Jones Fracture
Conservative Treatment
Non-displaced fractures may be treated conservatively by 
strict non-weight-bearing in a short-leg cast for 6–8 weeks. 
But because of the poor vascular supply the rate of non-
unions and refractures is high [45].

Surgery
Intramedullary screw fixation combined with use of ortho-
biologics or bone grafting is the standard for displaced frac-
tures over 2 mm or nonunion of initially conservatively 
treated fractures.

 Rehabilitation and Back-to-Sports
Because of the risk of re-fractures after conservative treat-
ment patients should start weight bearing gradually and pain 
adapted after 6 weeks. Conservative treatment takes at least 
twice the time to return back to sports compared to surgical 
treatment [46].

 Forefoot Fractures

Fractures of the forefoot are the most common fractures of 
the foot with a prevalence of nearly 4 % of all fractures in 
adults. Fractures of the toes mostly cause from stubbing or a 
crush, fractures of the distal metatarsal bone cause either 
from direct impact, like vehicle accidents or from indirect 
force, like repetitive loads which can lead to stress fractures 
[39, 47]. Most of the toe fractures affect the great toe fol-
lowed by the fifth toe [47].

Stress fractures mostly occur to athletes of ballet, danc-
ing or running [48, 49]. in the second and third metatarsals. 
Pain increases with weight-bearing activity besides little 
swelling of the foot. Stress fractures are difficult to see on 
X-rays until they have started to heal. MRI is more sensitive 
to detect the fracture. Generally stress fractures are treated 
conservatively by immobilization or rigid insoles for 5 
weeks [50].

 Classification

There is no common classification to classify fractures of the 
forefoot.

 Therapy: Conservative Treatment and Surgery 
(Approach, Technique, Risks, Aftertreatment)

 Conservative Treatment
Most of the phalangeal fractures are non or minimally dis-
placed and are treated conservatively though the joint face is 
affected. Fractures of the great toe need to be immobilized in 
a cast for 3 weeks, fractures of the lesser toes are treated with 
splinting to the adjacent intact toe and wearing a rigid-sole 
shoe for about 2 weeks [47].

 Surgery
Fractures of the proximal phalanx of the great toe are fixed 
percutaneous by Kirschner wires or rarely by screws and 
plates especially by affection of the joint surface [39]. 
Rehabilitation, back-to-sports depends on the specific type 
of injury and the individual healing process.

 Evidence

Up to date, there is Level I and II Evidence indicating no 
superiority for surgery in the treatment of lower leg and 
ankle fractures. Nevertheless current systematic reviews crit-
icize the often poor quality of the studies analyzed. There are 
several high quality trials which results are expected in the 
very near future. Still, the treatment strategies presented rep-
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resent the clinically proven standard, even though the formal 
evidence level remains low.

 Summary

• Lower leg and ankle fractures are common.
• A precise and sport discipline focused patient history is 

essential.
• Fracture patterns as well as tendon and ligament injuries 

have to be investigated carefully; CT, ultrasound or MRI are 
powerful tools to facilitate an appropriate classification.

• Anatomical reconstruction of the joint lines as well as soft 
tissue repair and balancing is the key to success, allowing 
a fast individually adapted rehabilitation program bring-
ing our patients back to sports and back to the pre-injury 
level.

• In professional athletes the rehabilitation time frame might 
vary strongly and the individual rehabilitation program has 
to be adjusted to fasten the return to the pre- injury level.
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Acute Ankle Osteochondral 
and Chondral Lesions

Martin Wiewiorski, Alexej Barg, Markus Wurm, 
and Victor Valderrabano

Abstract

Acute chondral or osteochondral lesions of the ankle joint are typically co entities of ankle 
sprains and ankle fractures. The exact inicidence is not clear, however clinical and radio-
logical studies suggest that this entity is more common then assumed and probably fre-
quently missed in an acute trauma situation. The initial clinical examination and conventioanl 
radiographs are often inconclusive. In a severe ankle injury, CT scans and MRI are useful 
diagnostic tools to assess chondral or osteochondral injury. If diagnosed, surgical treatment 
consists of either debridment and bone marrow stimulation, or refixation. Return to sports 
depends on additional injury to the joint as well as patients and sports specific condition.
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 Introduction

Acute ankle osteochondral and chondral lesions are common 
injuries in Foot & Ankle sports orthopaedics. To date there is 
no clear data on incidence for this special lesions. These lesions 
are typically co-entities in severe ankle sprains and ankle frac-
tures (see Chaps. 15 and 27). Pain, joint locking or inability to 
walk are just some of possible manifestating symptoms. Even 
with accurate and fast clinical examination most of these 

lesions are missed at the initial trauma and they may cause as 
hidden and undiagnosed lesions posttraumatic pain problems, 
chronic osteochondral lesions, and osteoarthritis. CT-scans 
and MR-imaging are two potential diagnostic tools however 
they are seldom used in acute situations. A variety of treating 
options are known today. Conservative treatment as well as 
surgical techniques i.e. bone marrow stimulation or fixation of 
osteochondral flakes can be considered. Only physicians and 
surgeons with longstanding  experience on osteochondral as 
well as chondral lesions should be in charge of treatment. Time 
until return to sports should be adapted to potential additional 
injury as well as patients- and sports specific conditions.

 Etiology and Pathomechanism

Talar tilt in the malleolar mortise during ankle sprains and 
ankle fractures has been shown to induce cartilage damage 
and osteochondral fractures in ex- as well as in-vivo studies 
[1, 2]. Laboratory investigations by Bernd and Harty in 1959 
on cadaver ankle joints showed trauma to the upper talar sur-
face, when exposed to inversion or eversion forces [3]. Based 
on those experiments, a radiological classification was devel-
oped, which described a chain of consecutive morphological 
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changes induced by traumatic forces to the ankle joint. These 
ranged from compression of subchondral bone to occurrence 
and displacement of an osteochondral fragment (as depicted 
in Fig. 16.1a, b). The incidence of acute chondral/osteochon-
dral lesions is not well researched. Most less severe ankle 
sprains and ankle fractures do not undergo arthroscopy or 
further diagnostic imaging other than conventional radiogra-
phy. Arthroscopical studies suggest that the incidence for 
chondral/osteochondral lesions of the ankle joint (tibial/fibu-
lar/talar joint surface) after ankle sprain is 33–89 %, and 
79.2 % after ankle fracture. No study is known to the authors, 
which would specify the incidence of those lesions for an 
individual sport activity. Several authors have noted cartilage 
damage in ankles with acute lateral ligament injuries ranging 
from an incidence of 25–77 % [4–6].

 Symptoms

There are no specific symptoms for acute chondral or osteo-
chondral injuries. General symptoms after ankle trauma vary 
depending on the severity of the injury, and can include 
swelling, pain, joint locking, hematoma, and inability of 
weight bearing.

 Diagnostics, Classification

Clinical examination for chondral/osteochondral lesion in 
an acute trauma situation is often not conclusive. Symptoms 
which might be generated by a lesion, would be masked by 
the general symptoms of a sprain or fracture. Planar radiog-
raphy is indicated as a primary imaging modality to rule out 
fractures. However, planar radiographs would not show 
always the osteochondral lesions or even the chondral 

lesions. Larger osteochondral fractures can be occasionally 
seen. Computertomography (CT) and/or magnetic reso-
nance imaging (MRI) in the acute trauma situation are rarely 
performed, unless it’s a severe complex injury requiring 
immediate surgical attention. MRI has shown its ability to 
depict acute osteochondral lesions. Brown et al. evaluated 
MRI of patients with acute syndesmotic injuries and found 
osteochondral lesions in 26 % of the patients [7]. Lohmann 
et at. performed MRI in 60 children after acute lateral liga-
ment injury and physeal ankle fractures [8]. Twenty-two 
(37 %) of the 60 patients had bone bruises, of which 83 % 
occurred in patients with ligament disruption and without 
any fracture on MRI. Of the bone bruises, 11 occurred in the 
talus, seven in the distal tibia and five in the distal fibula.

Arthroscopy showed to be a reliable method to depict 
chondral lesions in the acute stage after ankle injury. Taga 
et al. performed a diagnostic arthroscopy in nine patients with 
acute lateral ankle instability due to a flexion-inversion ankle 
sprain (4). They found medial chondral lesions in eight patients 
(89 %) and lateral lesions in three patients (33 %). Hintermann 
et al. assessed 288 patients with acute ankle fractures for 
arthroscopical findings of chondral lesions (2). Lesions of the 
cartilage were found in total of 228 ankles (79.2 %), more 
often on the talus (69.4 %) than on the distal tibia (45.8 %), the 
fibula (45.1 %), or the medial malleolus (41.3 %).

 Therapy: Conservative Treatment 
and Surgery

 General Considerations

Most acute chondral lesions after ankle injury stay undiag-
nosed and untreated. In such cases, conservative treatment 
might be carried out because of the apparent injuries to bone 

a b

Fig. 16.1 Acute chondral lesion. This patient sustained a severe ever-
sion trauma with luxation of the ankle joint during a soccer match 
resulting in a syndesmotic injury, rupture of the interosseous membrane 

and high fibular fracture. The open approach revealed several chondral 
fragments on the medial talar edge (a). The chondral flakes were 
removed, and the subchondral bone was microdrilled (b)

M. Wiewiorski et al.
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(fracture) or soft tissue (ligaments, tendons), and varies 
depending on injury pattern and severity.

 Debridement Followed by Bone Marrow 
Stimulation, Fixation

In cases where acute chondral/osteochondral lesions are 
detected by advanced imaging techniques (MRI, CT), or 
ankle arthroscopy, the lesions should be addressed. In cases 
of purely chondral lesions, where the cartilage is sheared of 
the subchondral bone, the flakes should be removed, and 
bone marrow stimulation should be performed (microdrill-
ing/microfracturing). This can be either performed 
arthroscopically, or in cases of extensive defects through a 
mini-open procedure. In cases of osteochondral fractures 
≥1 cm in diameter, the flake should be reduced and fixated. 
This can be done either with a resorbable pin/screw (less 
stable, no need for removal) [9], or a regular screw (more 
stable fixation, needs removal) [10].

 Augmented Bone Marrow Stimulation

Most advanced cartilage reconstruction methods (ACI, 
MACI, osteochondral transplantation) in the acute setting 
are not available, or not feasible. However, matrix augmenta-
tion of the debrided and microdrilled/microfractured area 
can be easily performed. A synthetic [11] or allograft [12] 
matrix can be cut to match the defect size and is typically 
glued onto the defect with fibrin glue. The matrix seals the 
defect and allows mesenchymal stem cells from the bone 
marrow to migrate into the matrix and re-differentiate into 
chondrocytes. Only case reports are available describing this 
approach for professional athletes [13, 14]. The advantages 
are a one-step approach, off-the-shelf availability of the 
matrices, and low costs. The matrix can be inserted either 
arthroscopically [15], or through a mini-open approach [16].

 Rehabilitation and Back-to-Sports

The rehabilitation protocol depends on the severity of the 
injury, and the surgical reconstruction technique. 
Immediate postoperative care consists of immobilization 

using an ankle walker boot (e.g. Aircast Walker, DJO 
Global, Vista, USA) and functional physiotherapy with 
15 kg partial weight bearing starting on the second postop-
erative day for 8 weeks. The range of motion is restricted 
to 20° with use of a continuous passive motion machine, 
and lymphatic drainage massage for the first 8 weeks. For 
complete rehabilitation algorithm please see Chap. 31, 
Table 16.1.

 Prevention

In the acute injury, no preventive measures can be undertaken.

 Evidence

For literature and evidence see Table 16.1. Several surgical 
techniques show satisfactory clinical outcome in case series, 
however, based on level of evidence criteria, there is no evi-
dence of superiority of any surgical technique over debride-
ment and bone marrow stimulation. The overall level of 
evidence in the existing literature is low. No randomized 
controlled studies exist, and recommendations can only be 
made upon level 4 studies or expert consensus.

 Summary

• Acute chondral/osteochondral lesions are frequent, but 
rarely diagnosed at initial ankle trauma.

• Acute chondral/osteochondral lesions are commonly seen 
in sports types causing ankle sprains and fractures.

• Preoperative CT or MRI diagnostics or intraoperatively 
ankle arthroscopy help to visualize the hidden chondral/
osteochondral lesions.

• If diagnosed, the treatment consists of debridement of the 
chondral flakes and bone marrow stimulation, or in cases 
of osteochondral fractures, debridement or refixation. 
Bone marrow stimulation can be augmented with a 
matrix, if available.

• Undiagnosed chondral/osteochondral lesions may cause 
untreated chronic ankle pain, chronic osteochondral 
lesions, and osteoarthritis, and therefore endanger the ath-
lete’s sports career.

Table 16.1 Overview of important publications on acute chondral/osteochondral talar lesions

Author Topic Level of evidence

Valderrabano et al. (2014) [14] AMIC technique for treatment of fresh chondral lesions 4

Hintermann et al. (2000) [2] Arthroscopic findings in acute fractures of the ankle 4

Berndt/Harty (1959) [3] Injury mechanism of osteochondral fractures of the talus /

Brown et al. (2004) [7] Cartilage lesions in MRI in acute ankle trauma 4
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Stress Fractures of the Foot and Ankle

William Melton and J. Benjamin Jackson III 

Abstract

Stress fractures were first described over 250 years ago and are believed to be the result of 
repetitive, prolonged muscular action on bone that has yet to accommodate or remodel. There 
is a close association with several well-known groups: military recruits, runners, and ballet 
dancers. Despite the easily identifiable populations, stress fractures are difficult to diagnose 
due to late appearance on standard radiograph. Therefore, a thorough history, a detailed physi-
cal exam, and a high level of suspicion are required to diagnose in a timely manner. Foot and 
ankle stress fractures make up a large percentage of the overall incidence of stress fractures 
with the tibia, fibula, metatarsals (MT), and calcaneus being more common and the navicular 
and sesamoid bones being less common. Although each bone has a slightly different etiology, 
presentation, and radiographic tendency, stress fractures of the foot and ankle are generally 
treated with activity modification and protected weight bearing, a difficult concept for the 
highly-active patient that usually presents. Prevention of stress fractures focuses on optimiz-
ing bone quality, sound training technique, and quality training equipment.

Keywords

Foot • Ankle • Stress • Fracture • Military • Ballet • Runner

 Etiology and Pathomechanism

Breithaupt, a German military surgeon, first described stress 
fractures in 1855 and demonstrated two common themes in 
foot and ankle stress fractures: little need for standard radio-
graphs and strong connection to the military [1]. Foot and 
ankle stress fractures make up a large percentage of the over-
all incidence of stress fractures with the tibia, fibula, metatar-
sals (MT), and calcaneus being more common and the 
navicular and sesamoid bones being less common. Stress 

fractures are generally seen in very active individuals, and 
are classically associated with runners, ballet dancers, orien-
tierers, and military personnel. Each group is predisposed to 
different types of stress fractures based on the stress the 
activity applies to the foot and ankle. Stress fractures are 
believed to be the result of repetitive, prolonged muscular 
action on bone that has yet to accommodate or remodel. 
Under normal circumstances, bone remodels based on the 
stress applied to it in accordance with Wolf’s Law. However, 
muscle accommodates faster than bone creating an unbal-
anced pull [2]. Risk factors generally fall under 3 categories: 
changes in anatomy, decreased biomechanical alignment, 
and training related errors.

Known anatomic risk factors including:
Pes cavus
Flatfoot
Morton’s foot (long 2nd metatarsal relative to the 1st)
Metatarsus adductus
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Metabolic factors that can predispose patients to stress frac-
tures include:
Osteopenia or Osteoporosis
Hormonal disorders such menopause and hyperthy roidism
The female athletic triad: amenorrhea, eating disorders, 

decreased bone mineral density
Modifiable risk factors of patient habits and training include:

Tobacco
Alcohol use
Nutritional deficiencies
Use of steroids
Poor form/technique
Poor equipment

When these risk factors are combined with increased 
physiologic stress, a stress fracture can develop. For exam-
ple, this combination can be seen when a workout is initiated 
and progressed too quickly, as in running 1 mile a day 1 
week then running 10 miles a day the next. However, this 
scenario is not unique to changes in workout intensity. Using 
the runner example, changes in shoe or running surface can 
lead to stress fractures by the same mechanism of changing 
muscle action too quickly. Multiple cycles of stress loading 
at fatigue levels, but not at levels high enough to create plas-
tic deformation, create microfractures in the bone that grow 
as the stress repeats. These microfractures are caused by an 
abundance of osteoclast activity compared to osteoblast 
activity when there is insufficient period of rest and recovery 
[3]. Eventually, the microfractures can grow to cause 
mechanical failure.

Although each bone has unique stress fracture character-
istics, there are two broad categories based on etiology: 
fatigue and insufficiency. A fatigue stress fracture results 
when an abnormal force is applied to bone with normal elas-
tic resistance as in a new, strenuous, and repeated activity. An 
insufficiency fracture results when a normal muscular force 
is applied to bone with abnormal elastic resistance as in 
osteoporosis. Although these are logical general categories, 
they are not absolutes and there will be overlap as in the bal-
lerina who subjects her potentially weak bone (female ath-
lete triad) to abnormal muscular forces [4, 5].

 Symptoms

High clinical suspicion and a detailed history are required to 
diagnose stress fractures. Important points in the history 
include onset or changes in level or type of activity and pain 
with activity that is relieved with rest. There may or may not 
be an inciting event that is obvious to the patient, as not all 
causative activity is high-impact. Classically, groups like 
ballerinas, runners, and military recruits are at high risk for 
stress fracture and should raise clinical suspicion. Also, pre-
viously mentioned hormonal imbalances, eating disorders, 

and nutritional deficiencies should be noted. This can be 
especially important in young female athletes involved in 
high-impact sports focusing on intense fitness-level and low 
weight such as ballet, gymnastics, and cheerleading.

Stress fractures often initially present as a stress reaction: 
no radiographic evidence of stress fracture with increased 
uptake seen on MRI [6]. These patients will present with 
varying degrees of swelling but usually will exhibit tender-
ness over the fracture site. The nature of the swelling should 
be carefully elucidated. Cardiovascular, lymphatic, or other 
systemic causes of edema can present bilaterally compared 
to the expected unilateral swelling with stress fractures. 
Also, a systematic approach to bony palpation is suggested. 
One possible approach includes a circular pattern starting at 
the medial 1st toe, moving proximal to the calcaneus, and 
moving back distally along the lateral aspect to the 5th toe 
[7]. As with any exam of the foot and ankle, it is recom-
mended that the patient be questioned about their footwear, 
especially in runners as shoes older than 6 months have been 
found to be a risk factor for developing stress fractures [8].

They could potentially still be participating in the offend-
ing activity, and a differential diagnosis would include tendi-
nitis, periostitis, bursitis, and nerve injury [9]. As the 
microfractures grow in size and number, the resulting pain 
and tenderness should correlate. As with other foot and ankle 
pathology, there is rarely referred pain, and the area of ten-
derness is most likely to bone involved. However, each bone 
has unique characteristics that will be addressed in the appro-
priate section.

 Diagnostics, Classification

Radiographic findings were first described by Kirchner in 
1905, 50 years after stress fractures were first described 
highlighting their somewhat limited role. The findings on 
radiographs (XR) are usually not helpful for a quick diag-
nosis and may not even be present in 30–70 % of cases [10]. 
Radiographic findings of stress fracture usually indicate a 
more long standing problem or a more severe stress frac-
ture. Other imaging modalities, such as US, MRI, and CT, 
may be more accurate in the acute diagnosis. In a study of 
320 stress fractures in athletes, Matheson reports an aver-
age of 10–21 days from onset of clinical symptoms to bony 
changes evident on radiographs [5]. Focal linear sclerosis is 
often evident first and is perpendicular to the trabeculae. 
Other radiographic findings include periosteal reaction, 
new bone formation, and cortical thickening [6]. In more 
severe cases cortical disruption and even complete frac-
tures can also be seen [10]. Technetium-122 bone scans 
(T-122) are much more sensitive than conventional radio-
graphs, and radio- nucleotide uptake can be evident within 
24 h of injury. However, it is not very specific and is not a 
good modality to monitor fracture healing. In contrast, 
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MRI is very sensitive, very specific, and is not associated 
with radiation exposure. CT imaging is best used for 
 defining the fracture line and to determine a complete vs. 
an incomplete fracture [11, 12]. Also see stress fracture 
imaging (Chap. 5, pages 51–52).

Levy described two stress fracture patterns based on location 
in bone and characteristics seen on imaging [10]. Metatarsals 
two to five often have diaphyseal fractures with cortical disrup-
tion followed by dense callus. The first metatarsal and calca-
neus often have fractures in cancellous bone seen as lines 
perpendicular to the applied stress as seen in Fig. 17.1 [13]. This 
classification was expanded by Keading in an attempt to find a 
more reproducible classification system based on grades with 
high intraboserver and interobserver reliability. This study uses 
5 grades increasing in severity from stress reaction (Grade I) to 
non-union (Grade V), and it reports excellent interobserver and 
intraobserver reliability between 15 clinicians [14].

 Treatment

There is currently no proven benefit for the use of medica-
tion in treating stress fractures. Although non-steroidal 
Anti- Inflammatories (NSAIDS) reduce the associated 
inflammation, they may impede bone healing and have been 
shown to do so in animal models [15]. Other modalities with 
potential theoretical application include bisphosphonates, 
teriparatide (recombinant human parathyroid hormone ana-
log), calcitonin, bone stimulation, and shock therapy. All of 
these treatment options require more extensive study to 
prove their efficacy.

Conservative treatment, including activity modification 
with protected weight bearing, is the treatment of choice in 
a majority of stress fractures. The degree of protected weight 
bearing depends on the evidence of a fracture line. In a 
stress reaction with no evidence of a fracture line, 6–8 weeks 
of activity modification with orthotics or shoe modifications 
is appropriate. When there is evidence of a fracture line, 
more caution is required with a boot or cast for protected 
weight bearing with serial exams to rule out non-union or 
mal- union. In both scenarios, activity can continue but 
should be changed to less impact, i.e. aquatic sports or bik-
ing instead of running. The patient can return to their previ-
ous level of activity when they are pain-free and without 
radiographic evidence of fracture. This time consuming 
treatment plan can be frustrating for active patients who are 
often at a highly competitive level of activity. Although the 
vast majority of stress fractures can be treated conserva-
tively, some require surgical intervention, and they will be 
addressed as they present for specific bones and fracture 
patterns.

 Prevention

Conservative care should also focus on prevention of future 
stress fractures. Prevention of stress fractures can be focused 
on two of the three previously mentioned main groups of risk 
factors: bone quality and training education. Improving bone 
quality begins with nutrition and slowing the progression of 
osteoporosis. A study by Wentz on dietary habits and train-
ing predictors of stress fractures in female athletes showed 
the most predictive factors of stress fractures to be decreased 
bone mineral density, current calcium intake, irregular men-
strual cycles, number of years running, and history of train-
ing on hard surfaces [16].

Calcium intake is associated with both and, along with 
vitamin D homeostasis, is a well-known necessity for quality 
bone. Two prospective studies of athletes and calcium intake 
suggest high calcium intake of 1500–2000 mg a day could be 
protective against stress fractures and a 2 year prospective 
study of young female cross-country runners found that a 
high-dairy and low-fat diet led to a 68 % reduction in stress 
fracture incidence [17–19]. In young females presenting 
with stress fractures and low BMIs, eating disorder counsel-
ing and referral to primary care may be necessary. Smoking 
cessation is another modifiable risk factor to improve bone 
mineral density [20–22].

Training education is also important to ensure the patient 
is using satisfactory equipment and understands pacing the 
progression of their workouts. Maintaining a base level of 
fitness can also be protective, especially before initiating a 
high intensity work-out regimen [8]. The quality of training 
equipment, especially shoes, should also be stressed. This 
multi-aspect training education is especially relevant today 

Fig. 17.1 Calcaneus MRI: The black stress fracture line can be appre-
ciated as it is perpendicular to the calcaneal trabeculae
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with the contemporary high intensity, work-to-failure train-
ing fads.

 Calcaneal Stress Fracture

Calcaneal stress fractures are common with incidence of tar-
sal bone fractures as high as 21 %. They were first described 
in military recruits and are associated with excessive march-
ing [23]. Risk factors include increased force during the gait 
cycle at heel strike, as seen in marching, running, or 
jumping.

Patients present with tenderness to palpation at the poste-
rior superior calcaneus and with swelling at the precalcaneal 
bursa. However, they often present later in the course of the 
injury when swelling could have decreased. There is also 
pain with pressure applied to the medial and lateral calcaneal 
tuberosities. These stress fractures can be misdiagnosed as 
plantar fasciitis due to similar pain with weight bearing and 
onset associated with changes in activity. However, imaging 
can differentiate between the two.

Calcaneal stress fractures have a characteristic appear-
ance best seen on lateral views of standard radiographs: a 
fracture line at the posterior-superior calcaneus perpendicu-
lar to the trabeculae stress line again seen best in Fig. 17.2 
[13, 24]. The same general principles of utilizing advanced 
imaging including MRI, bone scans, and CT also apply to 
calcaneal stress fractures.

Unlike other foot and ankle stress fractures, the treatment 
for calcaneal stress fractures is symptomatic. The patient can 
bear weight in a cast or boot, but running, training, or high- 

impact activity should be avoided. Tenderness to palpation 
and swelling should typically resolve by 2–4 weeks. Unlike 
fractures of the metatarsals, serial radiographs are not 
required. Also there are no absolute surgical indications. 
Fracture displacement and recurrence are not commonly 
seen. The patient’s symptomatic pain with activity dictates 
the return to activity.

 Metatarsal Stress Fractures

Metatarsal (MT) stress fractures are one of the more common 
foot and ankle stress fractures accounting for as many as 20 % 
of cases [9]. Of these, the 2nd is the most common (52 %) 
followed by the 3rd (35 %), 1st (8 %), 4th (5 %), and 5th (5 %). 
Keeping with Levy’s previously mentioned classification, 
metatarsals 2-4 are diaphyseal fractures, and the 1st metatar-
sal typically involves cancellous metaphyseal bone on the 
medial aspect as seen in Fig. 17.3 [13]. The 5th metatarsal 

Fig. 17.2 Lateral Calcaneus Radiograph: The arrows indicate the 
stress fracture perpendicular to the calcaneal trabeculae

Fig. 17.3 1st Metatarsal Radiograph: The fracture line perpendicular 
to the 1st metatarsal trabeculae can be appreciated along its medial as 
well as lateral central third
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stress fracture will be discussed separately as it has a unique 
mechanism when compared to the other four MTs.

Risk factors for developing metatarsal stress fractures are 
related to biomechanical alignment of the foot, especially the 
plantar arch. Running and jumping rely on the plantar arch, 
and peak strains are increased in the MT during these activi-
ties. Although the ligamentous anchoring between the heads 
of the MTs protect against fracture displacement, they also 
increase plantar-oriented forces during weight bearing [25]. 
Specifically, the 2nd and 3rd MTs have the highest peak 
pressure during weight bearing [26]. Barefoot activities (no 
arch support) and pes planus also impart a higher strain on 
the MT [27, 28]. The plantar fascia specifically has been 
shown to play an important role in stress on the MTs based 
on reports that strain increased 100 % with sectioning [28].

Other than the plantar arch, relative lengths of the 1st and 
2nd metatarsal have been shown to play a role [29, 30]. 
Chuckpaiwong et al. hypothesized that the short 1st MT in 
Morton’s foot leads to abnormal overloading of stress along 
the full length of the 2nd MT. Also, foot muscle fatigue has 
been shown to increase strain on the 2nd MT leading to a 
fourfold reduction in the number of cycles needed to cause 
failure [31]. This is an important point as it highlights the 
inverse relationship of intensity to cycle load: increased 
intensity and associated muscle fatigue leads to a decreased 
number of cycles required to produce a stress fracture.

MT stress fractures present with dorsal swelling and tender-
ness. This tenderness differs in 1st MT vs. 2–4 MT based on 
the previously mentioned fracture patterns [32]. These stress 
fractures often have a very rapid onset and may only need one 
stressor for the injury to occur. Despite this rapid onset, the 
average time to presentation has been reported as 2–6 weeks 
[27]. History is again very important, and these fractures are 
often seen in groups with heavy stress on the plantar arch: mili-
tary recruits, ballet dancers, and athletes in running and cutting 
sports. A differential diagnosis includes metatarsalgia, synovi-
tis, Morton neuroma, and other arthritic conditions.

As previously seen, bone scans and MRIs are useful for 
acute diagnosis. As in other stress fractures described by Levy, 
radiographs can detect these fractures in the subacute phase 
with characteristic findings based on fracture patterns. The 1st 
MT often shows linear sclerosis perpendicular to the line of 
stress and periosteal reaction is rare [13]. However, the 2–4th 
MT often shows periosteal reaction. Specifically, the 2nd and 
3rd MTs demonstrate changes along the medial diaphysis and 
the lateral proximal diaphyseal-metaphyseal junction [33].

In general MT stress fractures, a proximal location is less 
common than non-proximal and is associated with worse 
outcomes. Chuckpaiwong et al. noted that these fractures are 
also associated with chronic symptoms, Achilles contracture, 
Morton’s foot, and low bone mass. They also found a low 
training volume (<0.5 h a week), and none of the sports- 
related injuries in their study were in ballet dancers [31]. 

Therefore, the clinician must always maintain a high level of 
suspicion and not rely on common history points like high 
training volume or participation in ballet.

The majority of MT stress fractures are treated by activity 
restriction with or without immobilization. The patient is 
able to return to activity when the radiographs show healing 
and there is no tenderness to palpation on physical examina-
tion. Serial radiographs can be utilized to document bony 
union. Surgical indications include significantly increased 
dorsiflexion and non-union. Plantar flexion MT osteotomy 
minimizes the risk of malunion and transfer lesions. A trans-
fer lesion occurs when there is increased strain and risk of 
stress fracture at the 3rd MT after 2nd MT stress fracture. 
Since the 2nd and 3rd MTs have the highest peak pressure 
with weight bearing, the 3rd MT must take a greater share of 
the load when the 2nd MT is injured [26]. This increases the 
strain seen by the 3rd MT head potentially predisposing 
these patients to adjacent fracture of the 3rd MT. Non-unions 
are treated by take-down of the non-union and rigid internal 
fixation with possible bone grafting [34].

 Ballet

Ballet Dancers are a unique population with a higher risk for 
MT stress fractures due to the combined effect of unusual 
muscle usage while en pointe and increased risk for the 
female athlete triad with subsequent poor bone quality. 
Unlike other metatarsal stress fractures, 2nd MT stress frac-
tures typically occur at the proximal base.

The en pointe position increases the stress on the plantar 
arch through extremes of plantar flexion for sustained time 
intervals. Through the previously mentioned ligamentous 
attachments, this increased plantar arch stress is transmitted 
to the 2nd and 3rd MTs. This increased stress, along with the 
peroneus longus and posterior tibial tendon tendon inser-
tions, focuses increased stress at the 2nd MT base.

These patients have an average presentation delay of 2.5–
6.5 weeks, but present like other MT stress fractures with 
swelling and tenderness to palpation at the fracture site [35]. 
In addition to the standing AP and lateral radiographs, the 
diagnosis can be made with the Dancer’s View: a PA view 
with the dorsum of the foot against the cassette. The charac-
teristic finding is an oblique fracture line along the proximal 
aspect of the 2nd MT. Treatment consists of immobilization 
and temporary cessation of dancing.

 Navicular Stress Fractures

Towne et al. first described navicular stress fractures in 
humans in 1970 [36]. Although not as common as other tar-
sal stress fractures, they require a high degree of suspicion 
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due to potentially poor outcomes related to vascular anat-
omy. Small branches of the posterior tibial artery and dorsa-
lis pedis enter the navicular at the insertion of posterior 
tibialis tendon, anastomose, and radiate toward the center of 
the bone. This distribution leads to a relatively avascular cen-
tral third of the navicular.

Due to its anatomic location, the navicular undergoes 
physical compression from the talus proximally and the cune-
iforms distally with load bearing in plantar flexion. The 
increased torque with push-off in sprinting and jumping exag-
gerates this mechanism and would be expected in sports with 
excessive cycles of these two activities: hurdles, basketball, 
football, etc. [37]. Although no statistically significant asso-
ciations have been identified, anything leading to increased 
stress across the midfoot could logically be considered a rela-
tive risk factor such as an Achilles contracture, pes cavus, pes 
planus, Morton’s foot, bony prominences, and limited dorsi-
flexion due to osteophytes on the distal tibia or talar neck.

They usually present with vague foot pain, and, as with 
others, the pain is activity related and progresses the longer 
the patient performs the activity. Due to the anatomic loca-
tion of the navicular, the pain can be initially described as 
“ankle pain,” and can obscure the diagnosis. Furthermore, 
range of motion is usually normal with little to no swelling 
or ecchymosis. However there are some unique aspects of 
the physical exam that suggest navicular stress fracture. 
Khan et al. [38] coined the term “N spot” for the tender area 
over the dorsal center navicular, and this pain can radiate into 
the medial arch. The symptoms can be reproduced when 
hopping on the plantar flexed foot [39].

The diagnosis can be delayed from 4 to 7 months by the 
vague symptomatic complaints as well as by difficulty visu-
alizing the injury on standard radiograph [38, 40]. A true and 
clear AP of the navicular is very difficult to obtain which 
limits radiographs efficacy [41]. MRI is often used as a 
screen due to its higher specificity, but, if edema is present, 
CT is warranted to define both the fracture pattern and to dif-
ferentiate between avascular necrosis and stress fractures.

Treatment depends on the fracture characteristics: dis-
placed vs. non-displaced and complete vs. partial. Khan et al. 
showed non-weight bearing to be statistically significantly 
superior to weight bearing, and found no difference between 
non-weight bearing and surgery [42]. Therefore, associated 
general surgical complications should be avoided if possible. 
Non-displaced fractures can be treated conservatively with 
non-weight bearing activity modification followed by re-eval-
uation in 6–8 weeks. If pain persists, then a repeat CT should 
be obtained for further evaluation. If there is no pain, then the 
patient can begin rehabilitation and physical therapy. 
However, high-level athletes may not be amenable to the long 
conservative treatment course that can last 6–8 months.

Surgical indications include displaced fractures, non- 
displaced complete fractures with sclerotic changes, incom-

plete fractures with evidence of propagation, those that fail 
conservative treatment, and those that cannot tolerate the 
duration of conservative treatment [39, 43]. Screws can be 
placed percutaneously for incomplete or complete non- 
displaced fractures, but displaced fractures or those needing 
bone graft require open fixation. For 4–6 weeks post- 
operatively, displaced fractures or complete fractures with 
sclerotic changes should have protected weight bearing, and 
incomplete fractures should have a walker boot and be 
allowed to bear weight. Orthotic devices can be used when 
activity resumes particularly those aimed at correcting the 
patients underlying foot morphology, typically cavo-varus. 
Complications from surgery include non-union or malunion, 
failed screw fixation, and AVN. Due to the ramifications of 
these complications, CT should not be delayed if symptoms 
persist [44, 45].

 Sesamoid Stress Fractures

Despite the multiple variations of sesamoids, this section 
will focus on the two hallux sesamoids. The lateral of fibular 
sesamoid is smaller, rounder, and more proximal in relation 
to the medial or tibial sesamoid. The tibial sesamoid is larger, 
longer, and more distal. It also experiences more stress dur-
ing weight-bearing, and therefore is more often injured [25, 
46, 47]. These two bones have three functions to assist with 
push-off power [48, 49]. They dissipate forces within the 
hallux metatarsalphalangeal (MTP) joint and elevate the 
metatarsal head to increase the mechanical advantage of the 
flexor hallicus brevis tendon while simultaneously protect-
ing and maintaining the position of the flexor hallus longus 
tendon.

Patients often present with pain localized over the plantar 
hallux MTP joint that worsens with weight-bearing. The 
associated pain varies slightly based on the sesamoid. The 
tibial pain is often plantar medial while the fibular is often 
directly plantar. Either way, the aforementioned plantar pain 
is usually present. As with other stress fractures, there is vari-
able presence of edema and erythema.

In addition to standing AP and lateral radiographs, oblique 
views can be obtained to specifically evaluate the tibial sesa-
moid. A radio-opaque marker at the site of tenderness can be 
useful to differentiate the two sesamoids as well as a sesa-
moid from a flexor tendon. Sesamoid fractures can also be 
confused with bipartite sesamoids. The fracture will have 
irregular boarders vs. the smooth cortical boarders of intact 
bones as seen in Fig. 17.4. Also, bipartite sesamoids are 
often bilateral, and a contralateral radiograph could be 
obtained for comparison [46].

Conservative treatment is usually indicated and can 
include permissive weight bearing, taping, orthotics, and/
or casting. A toe spica addition to a cast can relieve stress 

W. Melton and J.B. Jackson III



167

on the sesamoid with mild plantar-flexion of the hallux. 
Taping compresses the fracture and limits movement, and 
it can be considered for mild symptoms or athletes. 
Chronic symptoms generally require orthoses or foot-
wear modifications, and these can be either over the 
counter or custom made. In athletes that continue activ-
ity, serial radiographs can be useful to screen for a pos-
sible complication of diastasis with cock-up deformity of 
the hallux.

Surgical indications include pain for more than 6 
months, functional loss, and failure of non-operative man-
agement. Two techniques are commonly employed: sesa-
moidectomy and bone grafting. Sesamoidectomy, either 
partial or total, carries the risk of loss of push-off strength, 
hallux valgus, and bunion deformity. A distal metatarsal 
osteotomy should be considered if a hallux valgus defor-
mity is present prior to surgery. Anderson and McBryde 
[25, 47] developed a bone grafting procedure that gives 
favorable results for tibial sesamoid stress fractures with 
less than 2 mm diastasis with no gross motion between the 
two fragments.

 Fibular Stress Fracture

Detelfsen first described fibular stress fractures in 1937. A 
few years later, in 1940, Burrows described two groups clas-
sically seen with this injury: young male athletes and middle 

aged females. The middle-aged females are more likely to 
develop a fracture distally in cancellous bone, most likely 
related to bone mineral density. However, young male ath-
letes, specifically runners and skaters in the Burros descrip-
tion, tended to have a more proximal fracture in denser 
cortical bone. This group had a stronger correlation with 
increased activity [50].

Despite these clear descriptions, there is no universally 
accepted theory for etiology. Richmond and Shafar describe 
eversion of the hindfoot that results in opposition of the pull 
of the tibiofibular interosseos ligament. This medial pull of 
the ligament imparts a lateral force on the distal portion of 
the fibula proximal to the malleolus [51]. Devas described 
another mechanism of repetitive plantar flexor and ankle and 
toe flexor contraction during running. With repetitive cycles, 
this motion at the fibula creates the microfractures associated 
with stress fractures.

As with other stress fractures, fibular stress fractures are 
often seen in runners and military recruits [52, 53]. The onset 
of pain is usually quick, often within 10 days of change in 
activity. However, the pain is generalized, the tenderness is 
difficult to pinpoint, and the edema is diffuse. As in other 
stress fractures around the ankle, these findings obscure the 
diagnosis. The tenderness, when present, may be on the 
postero- lateral boarder of the fibula roughly 4–7 cm from the 
tip of the malleolus. A more characteristic finding is seen in 
the sub-acute presentation: a palpable prominence from the 
abundance of callus [50].

This is the one foot and ankle stress fracture that rarely 
needs bone scan or MRI as a screen. The radiographs will 
show findings at roughly 3–4 weeks. Typically, there will be 
the aforementioned abundant callus as well as a transverse 
fracture line [50]. These stress fractures are generally treated 
conservatively with rest and restricted physical activity. 
Devas recommends weight bearing but no resumption of 
activity until symptom free [52]. The typical time to return to 
play was 6–8 weeks.

Evidence
• Level 1:

References 17, 19:
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in bone density and stress fracture risk among 
young female cross-country runners. PM & R 2010, 
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Thompson K. Calcium and vitamin d supplementa-
tion decreases incidence of stress fractures in 
female navy recruits. J Bone Miner Res 2008, 
May;23(5):741–9.
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none

Fig. 17.4 Sesamoid Radiograph: The black transverse horizontal frac-
ture line can be appreciated in the AP of the 1st MT sesamoid
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 Summary

 1. The history is the most vital aspect of diagnosing stress 
fractures and should focus on high risk groups (balleri-
nas, military personnel, runners), females, changes in 
activity, and factors relating to bone mineral density.

 2. The physical exam for stress fractures should focus on 
bony palpation, edema, and pain with weight bearing.

 3. Diagnosing stress fractures of the foot and ankle require a 
high clinical suspicion because radiographs are benign 
until the subacute phase and MRI is an expensive and 
unconventional initial screening test.

 4. Rehabilitation of stress fractures focuses on conservative 
treatment including limited weight bearing and activity 
modification. Surgery is often not indicated, and return to 
previous activity is generally advised when the patient is 
symptom free with no radiographic evidence of stress 
fracture.

 5. Prevention of stress fractures should focus on bone mineral 
density improvement (nutrition, calcium, osteoporosis) and 
education of training technique, equipment, and regimen.
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Compartment Syndromes  
(Acute & Chronic)

Jonathan A. Godin, Travis J. Dekker, and C.T. Moorman III 

Abstract

Compartment syndrome of the lower leg or foot is usually seen in the setting of high-energy 
trauma. However, chronic exertional compartment syndrome (CECS) is most frequently 
seen in athletes. The diagnosis is largely based on clinical examination, and the most sensi-
tive clinical symptom of compartment syndrome is severe pain. Intracompartmental pres-
sure measurements can be obtained to confirm diagnosis. Once the diagnosis is made, 
immediate fasciotomy of all involved compartments is required. Fasciotomy of the lower 
leg can be performed by one lateral incision or by medial and lateral incisions. Endoscopic 
fasciotomy is also described in cases of CECS. Foot compartment syndrome requires thor-
ough examination of all compartments with special focus on the calcaneal compartment. 
Depending on the injury, clinical examination, and compartment pressure, fasciotomy is 
recommended via a dorsal and/or medial plantar approach. Surgical intervention does not 
eliminate the risk of developing nerve and muscle dysfunction. If left untreated, poor out-
comes characterized by sensory deficits, weakness, paralysis, contractures, and toe defor-
mities can be expected.
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 Introduction

Compartment syndrome can present in either an acute or a 
chronic timeframe. Acute compartment syndrome is usu-
ally due to trauma to, or reperfusion of, the extremity. 
Chronic exertional compartment syndrome (CECS) is often 
associated with the repetitive loading or microtrauma of 
endurance activities. Both acute and chronic compartment 
syndromes are due to increased interstitial pressure within 
a compartment, resulting in decreased perfusion and isch-
emia of soft tissues. In contrast to the reversible nature of 
CECS, acute compartment syndromes progress rapidly and 

require urgent fasciotomy to avoid irreversible soft tissue 
necrosis in the affected compartment. Clinical manifesta-
tions of compartment syndrome include pain, pallor, poiki-
lothermia, pulselessness, swelling, numbness, and 
weakness of the extremity [1, 2]. The reported incidence 
ranges between 14 and 33 % among individuals with lower 
leg pain [3–5].

While a number of case reports have been published high-
lighting acute compartment syndrome of the leg and foot, the 
majority of sports-related compartment syndrome cases are 
due to CECS [6–13]. Wilson first described the concept of 
CECS in 1912, but Mavor was the first to successfully treat a 
patient with anterior compartment syndrome of the leg using 
a fasciotomy [14]. CECS is often bilateral and is equally 
prevalent among males and females. Moreover, diabetic 
patients may be at increased risk of developing CECS [15]. 
Case reports of CECS of the forearm, thigh, and gluteal 
regions exist, but are rare [16–18]. The leg is the most 
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 common site, with the anterior and lateral compartments 
most frequently affected.

Foot compartment syndrome (FCS) is most often associ-
ated with trauma of the foot. Typical injuries that make a 
patient more susceptible to FCS include calcaneus fractures, 
Lisfranc injuries, and multiple metatarsal neck or shaft frac-
tures [19]. CECS of the foot is most often specific to the 
medial compartment of the foot [20–25]. Foot trauma leads 
to severe edema in relatively small tissue compartments that 
can incite FCS. However, CECS of the foot has been observed 
in patients exercising on their feet for long periods of time 
(i.e. long distance runners/triathletes, infantrymen, dancers) 
[21, 24, 25]. In addition, acute exertional compartment syn-
dromes of the foot have been described in basketball players, 
football players and marathon runners [26].

 Etiology and Pathomechanism

 Anatomy

The leg contains four compartments: anterior, lateral, super-
ficial posterior, and deep posterior. The anterior compart-
ment contains the anterior tibial artery, the deep peroneal 
nerve, and four muscles (tibialis anterior, extensor digito-
rum longus, extensor hallucis longus, and peroneus tertius). 
Its borders are the tibia, fibula, interosseus membrane, ante-
rior intermuscular septum, and deep fascia of the leg. The 
lateral compartment contains the superficial peroneal nerve 
and two muscles (peroneus longus and peroneus brevis). Its 
borders are the anterior intermuscular septum, the fibula, the 
posterior intermuscular septum, and the deep fascia. The 
common peroneal nerve braches into the superficial and 
deep peroneal nerves within the substance of the peroneus 
longus after passing along the neck of the fibula. The super-
ficial peroneal nerve continues within the lateral compart-
ment, while the deep peroneal nerve wraps around the fibula 
deep to the extensor digitorum longus until reaching the 
anterior surface of the interosseus membrane. The lateral 
compartment does not contain a large artery; the peroneal 
muscles receive their blood supply via several branches of 
the peroneal artery.

The superficial posterior compartment contains the sural 
nerve and three muscles (gastrocnemius, soleus, and plan-
taris) and is surrounded by the deep fascia of the leg. The 
deep posterior compartment contains the posterior tibial and 
peroneal arteries, tibial nerve, and four muscles (flexor digi-
torum longus, flexor hallucis longus, popliteus, and tibialis 
posterior). It is bordered anteriorly by the tibia, fibula, and 
interosseus membrane, and posteriorly by the deep trans-
verse fascia. A fifth compartment that encloses the tibialis 
posterior muscle has been described, but its existence is con-
troversial [27]. It has been suggested that the presence of an 

extensive fibular origin of the flexor digitorum longus mus-
cle may create a subcompartment within the deep posterior 
compartment that may develop elevated pressures [28].

The identification of clinically significant compartments 
of the foot has changed over time. Initially, four fascial com-
partments were identified: medial, lateral, central and inter-
osseous [29]. Manoli and Weber identified nine compartments 
of the foot, dividing the previous central compartment into a 
superficial and deep compartment and also increasing the 
interosseous compartment from one to four functional com-
partments [19]. The deep compartment of the foot encom-
passes the plantar surface of the calcaneus. The deep/
calcaneal compartment contains the quadratus plantae and 
posterior tibial neurovascular bundle to include the lateral 
plantar nerve often associated with the sequelae of FCS. The 
deep compartment of the foot communicates with the deep 
posterior compartment of the leg.

Due to their communication, authors have documented 
FCS with no history of foot trauma [30]. More recently, clin-
ically important foot compartments were identified based on 
FCS sequelae. Ling and Kumar concluded that three vertical 
fascial septae extended from the hindfoot to the midfoot on 
the plantar surface of the foot creating a medial, intermedi-
ate, and lateral compartment. The medial compartment con-
tains the abductor hallucis and is bound by skin medially and 
the medial septum laterally. The intermediate compartment 
contains the flexor digitorum brevis and quadratus plantae. 
Lastly, the lateral compartment contains the abductor digiti 
minimi. The intermediate and lateral compartments are rig-
idly bound by fascial layers and require decompression to 
prevent FCS sequelae [31]. Compartment syndrome of the 
deep calcaneal compartment has commonly been associated 
with 10 % of calcaneus fractures, half of which develop 
sequelae of foot compartment syndrome: claw toes, neuro-
vascular dysfunction and stiffness [32, 33].

 Pathomechanism

The pathophysiologic mechanism that causes compartment 
syndromes is increased tissue pressure and the resulting 
development of ischemia, which leads to irreversible muscle 
damage. Cellular anoxia is the final common pathway of all 
of the varieties of compartment syndrome. However, the 
interaction between increased compartment pressure, blood 
pressure, and blood flow are incompletely understood. 
Muscle ischemia can lead to the release of myoglobin from 
damaged muscle cells. During reperfusion, myoglobin is 
released into the circulation with other inflammatory and 
toxic metabolites. Myoglobinuria, metabolic acidosis, and 
hyperkalemia can lead to renal failure, shock, hypothermia, 
and cardiac arrhythmias and/or failure [34]. The develop-
ment and extent of these systemic effects depends on the 
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severity and duration of compromised tissue perfusion and 
the size and number of muscle compartments involved.

Similarly, CECS is thought to be due to an abnormal 
increase in intramuscular pressure during exercise resulting 
in impaired local perfusion, tissue ischemia, and pain. One 
study demonstrated a 20 % increase in muscle volume during 
exercise [35]. Elevated lactate levels and water content have 
been documented in muscle biopsies from compartments 
with elevated pressures following exercise [4]. Muscle 
hypertrophy and increased perfusion volume with exertion 
do not explain the elevated resting pressure seen in patients 
with CECS, however. The mechanical damage theory 
hypothesizes that heavy exertion results in myofibril dam-
age, release of protein-bound ions, increased osmotic pres-
sure in the interstitial space, and, therefore, decreased 
arteriolar flow in the compartment.

Additionally, in some cases, focal fascial defects may be 
a contributing factor. Anterolateral fascial hernias are present 
in 39–46 % of patients with CECS, as compared to less than 
5 % of asymptomatic individuals [36, 37]. These defects typ-
ically are located near the anterior intermuscular septum 
between the anterior and lateral compartments, and they can 
entrap the superficial peroneal nerve exiting the junction of 
the middle and distal thirds of the leg. Evidence suggests that 
patients with CECS have a lower capillary density in relation 
to muscle fiber size compared to controls. This decreased 
capillarity leads to decreased structural capacity for muscle 
blood flow [38]. None of the existing theories explain all of 
the available data on the etiology of CECS. Most likely, the 
pathogenesis of the elevated intracompartmental pressures 
seen in CECS is multifactorial.

 Symptoms

The classic clinical diagnosis encompasses the six Ps: pain, 
pressure, pulselessness, paralysis, paresthesias, and pallor 
[34]. Pain out of proportion to the injury, aggravated by pas-
sive stretching of muscle groups in the corresponding com-
partment, is one of the earliest and most sensitive clinical 
signs of compartment syndrome. However, pain may be an 
unreliable indicator and may be absent in an established 
compartment syndrome [34]. Pressure or firmness in the 
compartment, a direct manifestation of increased intracom-
partmental pressure, is the earliest and may be the only 
objective finding of early compartment syndrome. Peripheral 
pulses are palpable and, unless a major arterial injury is pres-
ent, capillary refill is routinely present [34]. Patients may 
develop numbness and weakness over time. Pallor is uncom-
mon and is associated with the rare instance where arterial 
inflow is occluded.

With CECS, these symptoms develop at a predictable 
interval after initiation of a repetitive, endurance-type activ-

ity and resolve with rest. The following symptoms may be 
present upon exertion and resolve with rest: cramping, burn-
ing, aching, or tightness in the region of the affected 
compartment(s); numbness, paresthesias or weakness in the 
extremity; a transient foot drop may develop if the deep 
peroneal nerve is affected; a temporary loss of eversion 
strength may occur if the superficial peroneal nerve is 
affected. Physical examination of the resting lower extremity 
often is unremarkable. Examination following exercise may 
reveal: tightness or tenderness to palpation of the involved 
compartments. If a fascial defect is present, a focal area of 
tenderness and swelling may develop as the underlying mus-
cle bulges through the defect. A positive Tinel’s sign may be 
present over the defect if the superficial peroneal nerve is 
compressed. In addition, numbness and/or motor weakness 
may be present in the superficial peroneal, deep peroneal, or 
tibial nerve distributions. The vibration test consists of plac-
ing a vibrating tuning fork over bone at the area of suspected 
stress; an elicitation of pain is consistent with a stress frac-
ture. Pain when performing resisted ankle dorsiflexion and 
inversion is consistent with tibialis posterior tendinitis or 
posteromedial periostitis.

In the setting of trauma, increased awareness of FCS is 
necessary in order to adequately evaluate the patient as many 
symptoms from the inciting incident typically overlap with 
FCS symptoms. The pain seen in FCS is described as a relent-
less burning pain of the entire foot [19]. CECS symptoms of 
the foot include tightness developing on the medial side of the 
foot with burning and throbbing pain in the setting of exercise 
[25]. Furthermore, the patient often complains of a cramp-
like sensation along the medial longitudinal arch or hindfoot. 
Pain with passive dorsiflexion of the toes has been found to be 
the most reliable physical exam finding when attempting to 
diagnose foot compartment syndrome [39]. This maneuver 
decreases the overall volume of the intrinsic muscles of the 
foot and passively places them on stretch. Myerson’s series in 
1991 demonstrated the following: 12 of 14 ft had pain with 
passive dorsiflexion, 7 of 11 demonstrated decreased loss of 
two-point discrimination and 7 of 13 ft showed loss of light 
touch sensation [29]. Paresthesias, numbness, change in 
color/pallor or swelling over the abductor hallucis are all fur-
ther symptoms/signs often seen in the setting of chronic exer-
tional compartment syndrome of the foot. The pain is relieved 
after a certain amount of time and activity cessation [21].

 Diagnostics, Classification

 Imaging and Other Diagnostic Studies

When the history and physical examination findings are con-
sistent with compartment syndrome, the diagnosis should be 
confirmed with compartment pressure measurements. In the 
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setting of CECS, pre- and post-exercise compartment pressure 
measurements should be assessed. For acute compartment 
syndrome, a perfusion pressure (the difference between dia-
stolic blood pressure and compartment pressure) of 20 mmHg 
has been shown to be an absolute indicator for fasciotomy 
[34]. For CECS, most clinicians follow the diagnostic criteria 
of Pedowitz et al, in which a resting pressure greater than or 
equal to 15 mmHg or a 1-min post-exercise measurement 
greater than or equal to 30 mmHg or a 5-min post-exercise 
measurement greater than or equal to 20 mmHg is considered 
abnormal and diagnostic of CECS [40]. The exercise per-
formed at the time of testing must be intense enough to repro-
duce the patient’s symptoms; otherwise, the post-exercise 
pressure measurements may result in a false negative result.

Several methods for measuring compartment pressures 
have been described in the literature. These include the slit 
catheter, wick catheter, needle manometery, digital pressure 
monitor, microcapillary infusion, and solid-state transducer 
intracompartmental catheter methods [17, 37, 41–44]. The 
Stryker intracompartmental pressure monitor (Kalamazoo, 
MI) is a handheld digital monitor that can be used to check 
multiple compartments. It can be used either with a side port 
needle or an indwelling slit catheter to obtain serial measure-
ments in a single compartment. A handheld digital device 
recently developed by Synthes (Paoli, PA) also allows place-
ment of indwelling catheters and may be useful for obtaining 
serial measurements. Near-infrared spectroscopy has been 
used to determine tissue oxygen saturation [45]. This may be 
a noninvasive, painless alternative to intracompartmental 
pressures in the diagnosis of CECS, but is not currently stan-
dardized or readily available.

When pressure measurements are not consistent with 
CECS, further diagnostic studies may be necessary to explore 
the differential diagnosis. Plain radiographs may demon-
strate a periosteal reaction in patients with tibial stress frac-
tures or posteromedial tibial periostitis. A bone scan will 
show increased uptake, and MRI may show edema or a black 
line, at the site of a stress fracture. Ultrasound may play a 
role in diagnosis by identifying anterior compartment thick-
ness [46]. Tingling, numbness, or a positive Tinel’s sign at a 
specific location may warrant an electromyogram (EMG) 
and nerve conduction velocity (NCV) studies to evaluate for 
peripheral nerve entrapment. Pain and coolness with para-
doxical claudication may warrant an angiogram to evaluate 
for popliteal artery entrapment.

In the setting of trauma, there is no consensus on methods 
of measuring the various compartments of the foot except 
one: the deep calcaneal compartment. This compartment has 
been documented as consistently having higher baseline 
pressures than the others and must be monitored serially. As 
many of the anatomical landmarks are obscured with severe 
swelling in the setting of foot trauma, the calcaneal compart-
ment can be measured by inserting the needle 5 cm distal and 

2 cm inferior to the medial malleolus and directing the nee-
dle towards the posterior tuberosity of the calcaneus [39]. 
CECS of the foot is most commonly associated with the 
medial compartment of the foot and is consistently described 
in all foot compartment anatomic configurations [21–24]. 
Mollica et al. demonstrated that post-exercise pressures of 
the foot could be correlated to the diagnostic criteria 
described by Pedowitz et for CECS of the leg. Furthermore, 
the study showed that resting pressures were not associated 
with increased likelihood of development of foot CECS [21]. 
The medial foot compartment can be reliably measured 
using a Stryker intracompartmental pressure monitor 
(Kalamazoo, MI) and inserting an 18-gauge needle just infe-
rior to the medial cuneiform [21].

 Differential Diagnosis

• Tibial stress fractures
• Posteromedial tibial periostitis
• Tenosynovitis of posterior tibialis or ankle dorsiflexors
• Peripheral nerve entrapment
• Radiculopathy secondary to lumbar pathology
• Complex regional pain syndrome
• Peripheral vascular disease
• Popliteal artery entrapment syndrome
• Deep venous thrombosis
• Calcaneus Fracture
• Lisfranc Injury
• Metatarsal fractures/dislocations
• Crush injury of the foot
• Peripheral vascular disease
• Neuropraxia

 Therapy: Conservative Treatment 
and Surgery (Approach, Technique, Risks, 
After Treatment)

 Non-operative Management

In the acute setting, any splints or occlusive dressings should 
be removed. The extremity should be elevated, albeit not 
above the level of the patient’s heart to both maximize perfu-
sion and minimize swelling. When non-operative treatment 
measures have failed to ameliorate symptoms and the clini-
cal diagnosis of compartment syndrome remains clear, emer-
gent and complete fasciotomy of all compartments with 
elevated pressures is necessary to reliably normalize com-
partment pressures and restore perfusion to the affected 
tissues.

The non-operative management of CECS usually requires 
activity limitation or cessation. Adjuncts to activity modifi-
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cation include anti-inflammatory medications, stretching and 
foot orthotics. Symptoms usually return with resumption of 
prior activity level. Surgery, therefore, is indicated in patients 
who cannot tolerate activity restriction.

 Surgical Management

Surgical treatment involves fasciotomy of the affected com-
partments, sometimes with partial fasciectomy.

 Preoperative Planning
It is critical to identify which compartments are affected. All 
symptomatic compartments should be addressed at the time 
of surgery. It is common for a failed index procedure to be 
due to a failure to release all affected compartments. The 
appropriate approach should be selected based on the com-
partments that need to be released.

 Positioning
The patient is placed in the supine position for each 
technique.

 Approach
A single- or dual-incision technique can be used to release 
the lateral and anterior compartments. The perifibular 
approach can be used to access all four compartments. A 
posteromedial approach offers easier access to the superficial 
and deep posterior compartments. Endoscopically-assisted 
fasciotomies allow access to the entire length of the compart-
ment, allow visualization of fascial hernias, and may mini-
mize surgical complications such as postsurgical fibrosis and 
injury to the superficial peroneal nerve. The safety and effec-
tiveness of endoscopically-assisted compartment release 
have been demonstrated in multiple studies [47]. A technique 
using balloon dissectors and carbon dioxide insufflation is 
described in the technique section below [47, 48].

 Techniques

 Single-Incision Lateral Approach for Anterior 
and Lateral Compartment Fasciotomy
The patient is placed in the supine position on the operating 
table. A 5-cm vertical incision is made halfway between the 
fibular shaft and the tibial crest at the mid-portion of the leg. 
The incision should lie over the anterolateral intermuscular 
septum. If a focal fascial defect is present, the incision should 
be adjusted so that the defect can be incorporated. A small 
transverse incision is made through the fascia, and the sep-
tum and superficial peroneal nerve, which lie near the sep-
tum in the lateral compartment and exit the fascia near the 
distal aspect of the incision, are identified. Longitudinal 

releases of the anterior and lateral compartments are per-
formed using long Metzenbaum scissors in a proximal and 
distal direction from the transverse incision in the fascia that 
crosses over the anterolateral intermuscular septum. A par-
tial fasciectomy may be performed, particularly in cases of 
recurrence following a prior fasciotomy. Thereafter, the fas-
cia is left open. The subcutaneous tissue is approximated 
using 2-0 absorbable suture materials. The skin is closed 
with a running subcuticular 4-0 non-absorbable suture mate-
rial and Steri-strips.

 Dual-Incision Lateral Approach for Anterior 
and Lateral Compartment Fasciotomy
The patient is placed in a supine position. The leg is divided 
into thirds, and two 3-cm incisions are placed at the junction 
of the thirds over the anterolateral intermuscular septum. The 
superficial peroneal nerve is identified as it exits the fascia 
near the distal incision. Fasciotomies of the anterior and lat-
eral compartments are performed on each side of the inter-
muscular septum. The incisions in the fascia are connected 
using Metzenbaum scissors to divide the fascia from the 
proximal incision toward the knee, then from the proximal 
incision toward the distal incision, and finally from the distal 
incision toward the ankle. Distally, the fasciotomy should 
extend to 4–6 cm proximal to the ankle. At the distal aspect 
of the anterior compartment, the release should be directed 
toward the midline to minimize risk of injuring cutaneous 
sensory nerves in the lateral aspect of the compartment. The 
distal aspect of the lateral compartment fasciotomy should 
be directed laterally. The subcutaneous tissue is closed with 
2-0 absorbable suture materials. The skin is closed with run-
ning subcuticular 4-0 sutures and Steri-strips.

 Perifibular Approach for Four-Compartment 
Fasciotomy
The patient is placed in the supine position. A 10-cm incision 
is made directly over the mid-portion of the fibula. The skin 
is retracted anteriorly and the fascia of the anterior and lat-
eral compartments is released longitudinally in a proximal 
and distal direction. The skin is retracted posteriorly, and the 
fascia overlying the lateral head of the gastrocnemius is 
released. The fascia over the superficial posterior compart-
ment is incised for a distance of about 15 cm. Next, the ante-
rior and lateral compartments are retracted anteriorly and the 
superficial posterior compartment is retracted posteriorly. 
The soleal bridge must be released from the fibula. The fas-
cia over the flexor hallucis longus is then identified and 
incised. The gastrocsoleus is retracted posteriorly and the 
flexor hallucis longus laterally to expose the posterior tibial 
artery, tibial nerve, and peroneal artery overlying the tibialis 
posterior. The fascia is incised around the tibialis posterior 
and the interval between the muscle and the origins of the 
flexor hallucis longus is widened if constrictive. The subcu-
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taneous tissue is approximated with 2-0 absorbable sutures, 
and the skin is closed with running subcuticular non- 
absorbable 4-0 suture.

 Posteromedial Incision for Fasciotomy 
of the Posterior Compartments
A vertical incision 8–10 cm in length is made over the mid- 
portion of the leg approximately 1 cm posterior to the pos-
teromedial edge of the tibia. The saphenous vein and nerve 
are identified in the subcutaneous tissue and retracted anteri-
orly. The fascia over the superficial posterior compartment is 
incised for a distance of about 15 cm. To fully access the 
deep posterior compartment, the origin of the soleus from 
the proximal tibia and fibula must be detached. The deep fas-
cia can then be sharply divided with Metzenbaum scissors. 
The fasciotomy should extend distally to 8–10 cm above the 
ankle. The opening between the origins of the flexor hallucis 
longus and the tibialis posterior is enlarged if constrictive. 
The subcutaneous tissue is closed with 2-0 absorbable 
sutures. The skin is closed with running subcuticular non- 
absorbable 4-0 suture.

 Endoscopically-Assisted Compartment Release
The patient is placed in a supine position. Balloon dissectors 
can be used to create an optical cavity at the fascial cleft, 
which is the potential space between the superficial fascia 
(the deepest layer of the skin and subcutaneous tissue) and 
the deep fascia (the fascia overlying a muscle compartment). 
To insert the balloon dissector, a 2-cm transverse incision is 
made either at the anterolateral aspect of the knee between 
the fibular head and Gerdy’s tubercle or at the posteromedial 
aspect of the knee at the level of the tibial crest. Dissection 
is carried down through the subcutaneous fat and superficial 
fascia until the deep fascia overlying the muscle is visual-
ized. The balloon dissector with a sheath around it is inserted 
between the superficial and deep fascial layers under direct 
observation and manual palpation to the level of the ankle. 
The sheath is removed and the balloon is inflated to create a 
cavity within the fascial cleft. The balloon is then deflated 
and removed. The optical cavity is maintained using towel 
clips. Alternatively, the optical cavity between the superfi-
cial and deep fascial layers can be maintained with 15 mmHg 
of carbon dioxide insufflation to allow adequate visualiza-
tion of the fascia to be released and to allow adequate space 
to perform soft tissue dissection with the endoscopic equip-
ment. A one-way cone-shaped cannula is inserted in the 
skin at the site of balloon insertion.

Next, the fascia overlying the anterior compartment is 
released with endoscopic scissors down to the level of the 
ankle under direct vision. The intermuscular septum between 
the anterior and lateral compartments, as well as the superfi-
cial peroneal nerve, can be visualized. If a lateral compart-
ment release is indicated, perform a second fasciotomy 

posterior to the intermuscular septum. If posterior compart-
ment releases are indicated, make a 2 cm transverse incision 
proximally along the medial aspect of the leg just posterior to 
the edge of the tibia. The balloon dissector and sheath are 
inserted into the fascial cleft overlying the superficial and 
deep posterior compartments to the level of the ankle. As 
described above, the balloon is inflated, deflated, and 
removed. Towel clips are used to maintain the cavity. The fas-
cia of the deep posterior compartment is released directly off 
the posterior medial border of the tibia, anterior to the inter-
muscular septum, from proximal to distal under direct visual-
ization with endoscopic scissors. The fascia of the superficial 
posterior compartment posterior to the intermuscular septum 
is released in the same fashion. If necessary, a distal instru-
ment portal with a pneumatic lock can be placed, but the fas-
ciotomies usually are carried out proximal to distal through 
the initial portal. After the release, the cannula is removed and 
the cavity is deflated. The wound is closed in a two-layer 
fashion with 2-0 Vicryl for the deep layer and a running sub-
cuticular stitch for the skin over a medium Hemovac drain.

 Three Incision Approach of the Foot
This technique is based on the nine-compartment model of 
the foot and is best utilized in the setting of trauma/fractures 
[30]. The medial incision allows release of the medial, super-
ficial and deep central, and lateral compartments. The medial 
incision landmarks are as follows: incision starts 4 cm ante-
rior to the posterior aspect of the heel and 3 cm superior to 
the plantar surface and is extended distally approximately 
6 cm. The incision is carried down to the fascia of the medial 
compartment. Elevating the subcutaneous tissues both supe-
riorly and inferiorly then exposes the plantar aponeurosis. A 
1 cm longitudinal incision is made in line with the aponeuro-
sis 1 cm from the inferior border allowing for decompression 
of the medial compartment. The abductor hallucis is lifted 
superiorly and released from its attachment to the lateral fas-
cia of the medial compartment.

The same 1 cm strip created above is followed laterally 
for the release of the deeper compartments. A small nick is 
made in the fascia just superior to the fascial strip. Care must 
be taken as the lateral plantar nerve and artery lie just deep to 
this fascia. Extending this incision distally allows for decom-
pression of the calcaneal compartment. To release the super-
ficial deep compartment, a similar nick is made in the fascia 
inferior to the strip – extending the fascial incision the length 
of the skin fully decompresses this compartment. At the most 
proximal portion of the incision, access to the lateral com-
partment occurs through the origin of the abductor digiti 
quinti (ADQ). Release of the inferomedial overlying fascia 
of the ADQ extending laterally allows for completion of the 
release of the lateral compartment.

The interosseous and adductor compartments are released 
through dual dorsal incisions. The first incision is made just 
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medial to the second metatarsal and the other just lateral to 
the fourth metatarsal. Subcutaneous tissues are undermined 
medially and laterally to allow for access to each respective 
interosseous compartment. The thin fascia is incised longitu-
dinally allowing complete release. Spacing these incisions in 
this manner allows for adequate skin bridge between the two 
to minimize risk of skin necrosis. All wounds are initially left 
open wrapped in loose sterile dressings. Dorsal incisions 
typically require split thickness skin grafts for final coverage 
5–7 days after fasciotomy, while the medial incision can be 
closed in a delayed fashion or primarily [29, 49, 50].

 The Single Incision Medial Approach
Bonutti and Bell describe a single incision extensile approach 
to release all of the compartments of the foot. In the absence 
of fracture, a medial incision approach allows for a poten-
tially faster return to normal compartment pressure levels 
[51]. Selective decompression of specific compartments, 
specifically the medial compartment in CECS of the foot, is 
reported in multiple case reports with good result [20–22, 24, 
52, 53].

A curvilinear incision is made from the first metatarso-
phalangeal joint distally through the navicular tuberosity 
proximally to the calcaneus (~8 cm in length). The deep fas-
cia is incised allowing for complete decompression of the 
abductor hallucis. The decompression can be extended later-
ally by incising the medial extension of the plantar fascia and 
the intermuscular septum laterally; this allows for decom-
pression of the central compartments [24]. Sterile dressings 
are placed over the incision. After swelling subsides, soft tis-
sues are evaluated, freshened and then re-approximated for 
primary closure [53].

 Risks

• Superficial peroneal nerve injury – Identify the nerve as it 
exits the fascia at the junction of the distal and middle 
thirds of the leg; direct the anterior fasciotomy medially 
and the lateral fasciotomy posteriorly at the distal extent.

• Saphenous vein and nerve injury – Identify the structures 
in the subcutaneous tissue at the medial aspect of the leg. 
Avoid excessive traction on the saphenous nerve, which 
results in traction paresthesias.

• Incomplete fascial release – Muscle herniates at the bot-
tom of the “V” of the fasciotomy, resulting in pain. Extend 
lateral and anterior fasciotomies to 4–6 cm above the ankle 
and posterior fasciotomies to 8–10 cm above the ankle.

• Medial calcaneal branch of the posterior tibial nerve 
injury- susceptible to injury at the proximal aspect of the 
medial fasciotomy incision

• Lateral plantar nerve branch injury- the nerve travels just 
distal to the calcaneus medial tuberosity coursing between 

the flexor digitorum brevis and quadratus plantae (the 
superficial and deep central compartments respectively).

 Post-operative Care

Active range of motion at the ankle and knee should begin 
immediately. Crutches can be used as needed in the initial 
postoperative period, but patients are encouraged to bear 
weight as tolerated and perform light activities. Elevation of 
the legs while at rest may help to decrease pain and swelling. 
Full activity usually can be resumed 6–8 weeks after surgery.

 Complications

Recurrence rates of 3–17 % have been reported after fasciot-
omy [54–57]. Recurrence may be due to a number of factors, 
including inadequate fascial releases, failure to decompress a 
compartment that was believed to be asymptomatic, nerve 
compression by an unrecognized fascial hernia, and the 
development of prolific scar tissue [58]. Other reported com-
plications of fasciotomies with some degree of subcutaneous 
or blind dissection include arterial injury, hematoma or 
seroma formation, superficial wound infections, peripheral 
cutaneous nerve injuries, and deep venous thromboses [36, 
47, 54, 59]. The superficial peroneal nerve is particularly vul-
nerable as it exits the fascia over the lateral aspect of the leg 
at the junction of the middle and distal thirds.

Reports of surgical sequelae following foot fasciotomies 
are limited in comparison to fasciotomy of the lower leg. 
Furthermore, there is even less data in regards to surgical 
complications associated with chronic exertional compart-
ment syndrome of the foot. Studies associated with FCS 
state that complications exist, such as decreased range of 
motion of the foot and toes, pain and numbness associated 
with surgical scars, and the need for free flaps for soft tissue 
coverage [60]. Furthermore, known surgical complications 
such as damage to the medial plantar nerve lying in the cal-
caneal compartment or superficial compartment exist but 
have not been quantified [61].

 Rehabilitation and Back-to-Sports

Athletes can participate in sports as pain and disability allow. 
The following post-operative rehabilitation protocol may be 
used:

• Range of motion exercises of the knee and ankle in the 
immediate post-operative period

• Three to five days of protected weight bearing, followed 
by progression to weight bearing as tolerated
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• Physical therapy for strengthening
• Gradual return to jogging between 4 and 6 weeks after 

surgery
• Full return to sports participation is anticipated at 8 weeks 

following surgery if one compartment is released. Return 
to sport is anticipated at approximately 12 weeks if mul-
tiple compartments are treated operatively.

A recent study of a military population showed that 78 % 
of patients remained in the military and 41 % returned to full 
military duty following elective fasciotomy for CECS [62]. 
Another study in an active military population reported symp-
tom recurrence in 44.7 % of the patients, and 27.7 % were 
unable to return to full activity [63]. Surgical complications 
were documented for 15.7 % of the patients, 5.9 % underwent 
surgical revision, and 17.3 % were referred for medical dis-
charge because of chronic exertional compartment syndrome 
[63]. Moreover, a cohort study of 73 athletes with CECS 
compared outcomes for patients who underwent isolated 
anterior compartment fasciotomy versus combined anterior 
and lateral compartment fasciotomies [64]. Sixty- nine per-
cent of patients in the anterior compartment fasciotomy group 
returned to sports within 3 months, and all patients in this 
group eventually returned to sport [64]. Conversely, only 
33 % of patients in the anterior and lateral compartment fasci-
otomies group returned to sports within 3 months, and 27 % 
of patients in this group did not return to sport [64].

In the series of various case reports with chronic exertional 
compartment syndrome of the foot in athletes, most patients 
recovering from FCS treated by fasciotomy are able to walk 
by post-operative day 3 with gradual and full return to activity 
typically occurs by 8 weeks [24]. Extrapolating data from 
acute foot compartment syndrome due to trauma would point 
towards better results with earlier recognition and definitive 
treatment by fasciotomy. In a prospective study by Han et al., 
patients followed at a mean of 2 years demonstrated that ear-
lier fasciotomy for definitive treatment leads to better 
American Orthopaedic Foot and Ankle Society (AOFAS) 
scores, visual analog scale (VAS) pain scores, and a greater 
likelihood of being able to wear shoes comfortably [65].

 Prevention

The best prevention of sports-related compartment syndromes 
is the education of athletes on the signs and symptoms of acute 
and chronic compartments syndromes of the leg and foot.

 Evidence

Various techniques of compartment release have reports of 
success rates ranging from 78 to 100 % [5, 36, 37, 40, 47, 
54–57]. These techniques include open fasciotomies, one- or 

two-incision minimally invasive subcutaneous fasciotomies, 
and fasciotomies with partial fasciectomies. Adequate long- 
term follow-up is lacking in the literature.

Slimmon et al reported on long-term follow-up of 
patients treated with fasciotomy with partial fasciectomy 
and noted a good or excellent outcome in 60 % at a mean 
follow-up of 51 months. Thirteen of 62 had reduced activ-
ity levels due to recurrence of symptoms or development of 
a different lower extremity compartment syndrome [59]. 
Fasciotomy appears to be less effective in alleviating pain 
in the deep posterior compartment than in other compart-
ments. Some authors have postulated that failure of the fas-
ciotomy may be due to an incomplete fasciotomy or not 
identifying and releasing the fascia around the tibialis pos-
terior [27, 55, 56].

The literature on compartment release for CECS of the foot 
is quite limited. Case reports state good relief of symptoms 
with fasciotomy [21, 22, 24, 25, 53]. Jowett et al demonstrated 
6 of 7 ft had complete resolution of symptoms at approxi-
mately 21 months from surgery [25]. Long-term consequences 
of failure to treat CECS of the foot have not been clearly 
defined and likely result in persistence of symptoms alone.

 Summary

• A predictable history of exertional leg pain followed by 
gradual dissipation of the pain with rest, especially in a 
runner, should raise a clinician’s suspicion for CECS.

• Intracompartmental pressure testing at rest and after 
symptomatic, sport-specific exercise is still considered 
the gold standard for diagnosis.

• For those athletes with persistent symptoms and the desire 
to continue with their sport, fasciotomy of the docu-
mented involved compartments of the lower leg is the 
intervention of choice.

• Dynamic compartment pressure monitoring with exercise 
is the gold standard for diagnosis for exertional compart-
ment syndrome of the foot

• Despite limited data, fasciotomy for exertional compart-
ment of the syndromes of the foot demonstrate reliable 
relief of symptoms.
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Shin Splints

Sampat S. Dumbre Patil

Abstract

Common overuse injuries in athletes are -shin splints, stress fractures, compartment syn-
drome, nerve entrapment, etc. The term ‘shin splints’ is used broadly to describe many 
conditions causing exercise induced pain in sporting personnel. True shin splints is also 
labeled as Medial Tibial Stress Syndrome (MTSS), describing a syndrome in which leg 
pain and discomfort in distal posteromedial aspect of leg is caused by repetitive activity and 
it excludes causes of pain due to stress fractures or due to ischemia.

Inadequate warm-up, sudden increase in training mileage and hyperpronation of foot are 
some of the predisposing factors. Diagnosis is mainly clinical and is supported by investiga-
tions like MRI and Bone scan. Conservative treatment in the form of Rest, Physiotherapy 
and Orthotics is usually successful and these measures are also helpful in Prevention of 
MTSS.
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 Introduction

Chronic overuse injuries may prove distressing to the elite 
athletes as well as weekend warriors. Tibial stress fracture, 
chronic compartment syndrome and medial tibial stress syn-
drome (MTSS) are few common causes of exercise induced 
leg pain. MTSS is the commonest of all and is referred to as 
true shin splints.

The American Medical association in 1966 has defined 
shin splints syndrome as ‘pain and discomfort in the leg from 
repetitive activity on hard surfaces or due to forcible, exces-
sive use of foot flexors.’ The diagnosis excludes stress frac-
tures or ischemic disorders and is limited only to the 
musculotendinous inflammations [1].

It has been described as “Spike Soreness” in runners in 
1913 [2]. It is a very common injury experienced by runners 

and military personnel accounting for 13.2–17.3 % [3, 4] of 
all running injuries and up to 22 % of injuries seen in aerobic 
dancers [5]. Players participating in tennis, volley-ball, bas-
ketball and long jumping may also suffer from MTSS.

 Etiology and Pathomechanism

The exact etiology of shin splints syndrome is not known. 
The causes are broadly divided in acute and chronic condi-
tions. The acute conditions include bone stress reaction, 
periostitis, fibrositis, bone strains, tenosynovitis, tendonitis 
of tibialis anterior, tibialis posterior, soleus and flexor hallu-
ces longus muscles. Detmer [6] proposed periostalgia as the 
likely cause of shin splints whereas Johnell et al. [7] studied 
37 limbs of MTSS and found osseous metabolic changes and 
no inflammatory reaction in the biopsies. He proposed bone 
stress reaction as the underlying cause of MTSS which is 
also supported by recent studies. The chronic conditions 
include periosteal reaction, traction periostalgia, chronic 
 tendonitis, fatigue tear of bridging collagen fibers between 
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muscle and bone and chronic compartment syndrome [6, 
8–10].

Certain metabolic changes are observed in the tibia when 
a person begins exercise. These are in the form of initial bone 
porosity due to increased osteoclastic activity on the com-
pressed concave posteromedial border. This is followed by 
increased osteoblastic activity and deposition of new bone. 
Tibia becomes stronger on the posteromedial border than the 
pre exercise state. However, in long standing MTSS, tibia 
becomes 15 % more porous than in control group and 23 % 
less than athletic control group [11].

Various studies have been published to highlight the 
underlying risk factors for shin splints. Some of the proposed 
intrinsic risk factors are lack of running experience, inade-
quate warm-up, incomplete stretching, increased running 
frequency, excessive weekly running distances, sudden 
increase in training mileage and lack of flexibility training. 
Other intrinsic factors which may contribute are navicular 
drop, hyperpronation of foot, increased femoral neck ante-
version, greater plantarflexion ROM, increased hip external 
rotation ROM and imbalance between quadriceps and ham-
string muscles.

Few extrinsic or environmental risk factors for shin slints 
are type of sport, time of day, always running on the same 
side of the road, hard running surface, uneven terrain, shoes, 
in-shoe orthoses, climate, weather conditions etc.

 Symptoms

There is recurrent dull ache to intense pain associated with 
repetitive strenuous activity lasting for several hours or days. 
The pain is usually on the middle one third or lower one third 
of the tibial crest. Pain increases on running and decreases 
with rest. Discomfort may persist during normal activities of 
daily living particularly in severe cases.

 Diagnostics, Classification

Diagnosis of shin tibia is particularly based on thorough clin-
ical history and physical examination. On clinical examina-
tion, usually pain increases on passive dorsiflexion of foot 
with great toe hyperextension and also on extreme passive 
plantar flexion. Range of motion of the ankle may be 
decreased, limited to 20° dorsiflexion and 40–50° plantar 
flexion [12]. There are no sensory, motor or muscular 
abnormalities.

Diffuse area of tenderness can be elicited on palpation of 
the posteromedial border of the tibia particularly along the 
middle or distal third of its length. The bone surface may feel 
uneven.

Investigations like Magnetic Resonance Imaging (MRI), 
bone scintigraphy (bone scan) or plain radiographs may be use-
ful in nonspecific cases as well as to rule out other forms of 
exercise induced leg pain. If one is sure of the diagnosis on 
clinical examination, these investigations are not required [13].

Plain radiographs are usually normal initially but may 
show localized cortical thickening and scalloping of the pos-
teromedial surface of the tibia if the symptoms persist for 
more than 3–4 weeks [9].

Bone scintigraphy demonstrates a linear vertical uptake 
involving more than one third of the posterior tibial cortex in 
the third phase [14] (Fig. 19.1a, b). Angiograms and blood 
pool images are normal in shin splints, differentiating it from 
the stress fracture [15]. Magnetic Resonance Imaging (MRI) 
demonstrates periosteal or marrow edema and helps in diag-
nosing stress injury before the development of a stress frac-
ture [16–18] (Fig. 19.2a–c). MRI is recommended over bone 
scan as it is more accurate in correlating the degree of bone 
involvement with clinical symptoms, lack of exposure to ion-
izing radiation and significantly less imaging time compared 
to three phase bone scintigraphy [19]. MRI is also useful in 
monitoring the follow up and allows more accurate recom-
mendation for rehabilitation [19] (Fig. 19.3a, b).

Ultrasonography and Computed Tomography (CT scan) 
are of limited value in diagnosing shin splints but help to rule 
out stress fracture and more research has to be done on their 
sensitivity and specificity.

 Classification

Tibial stress injuries are graded on bone scan and MRI. Zwaset 
et al. [20] proposed four stage grading system based on bone 
scan findings as-

Grade 1 – Small, ill-defined cortical area of mildly increased 
activity

Grade 2 – Better defined cortical area of moderately increased 
activity

Grade 3 – Wide to fusiform, cortical-medullary area of 
highly increased activity

Grade 4 – Transcortical area of intensely increased activity

Michael et al. [19] proposed a grading system based on 
MRI findings and compared it with the bone scan grading 
scale by Zwas et al. Their grading system showed that perios-
titis or shin splints correspond to Grade 1 stress injury. Grade 
2 and 3 injuries were more severe injuries manifested by bone 
marrow edema. Fracture line is clearly visible in grade 4 tibial 
stress injuries. In all the grades from 1 to 4, they constantly 
observed periosteal edema at the attachments of tibialis pos-
terior, flexor digitorum longus and soleus muscles [19].
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Fig. 19.1 (a, b) Intravenous injection 
of 99mTc-MDP and static imaging 
3 h later reveals, linear increased 
tracer uptake along the tibial shins 
(without any focal or fusiform uptake) 
which is characteristic of “Shin 
Splints” (a, b courtesy of Dr. Sameer 
Sonar, Fellow, Harvard Medical 
School, USA)
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 Therapy

Various treatment modalities have been recommended by 
different authors. Most of the patients are relieved with the 
conservative mode of treatment and surgical intervention is 
rarely needed [13, 21–25].

 Conservative Treatment

 Rest
Rest is essential in the acute phase followed by gradual 
return to the sports activity. MRI grading system may be 
referred to decide the duration of rest which is generally 2–3 

a b

c

Fig. 19.2 (a–c) MRI Scan of a young female athlete showing bone marrow edema appreciated as hypointense signal on T1 weighted and hyper-
intense signal on T2 weighted images. Note the periosteal edema on STIR axial images

a b
Fig. 19.3 (a, b) MRI scan of the 
same patient at 3 months follow 
up demonstrating resolution of 
previously seen marrow edema on 
STIR images
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weeks in Grade 1, 4–6 weeks in grade 2 and 6–9 weeks in 
grade 3 tibial stress injuries. Individuals with Grade 4 inju-
ries are treated in a cast [19].

When the acute phase subsides, training program is modi-
fied by reducing the weekly running distance, intensity and 
frequency by half [26–29]. It is advised to avoid running on 
hills or uneven surfaces [30].

 Ice Fomentation
Application of ice directly on the affected part immedi-
ately after exercise for 15–20 min provides immediate 
local anesthesia and reduces the spasticity of muscle tissue 
[12, 31].

 Physiotherapy

Exercises
The principles of exercise program are to stretch the plantar 
flexors and strengthen the dorsiflexors of ankle [12]. 
Strengthening core hip muscles is also encouraged to develop 
core stability and running mechanics [31].

Cross training like running in the pool or use of floating 
devise play an important role in maintaining the aerobic con-
ditioning. These activities can be supplemented using sta-
tionary bicycle, cross-country skiing machine, stair climber 
etc. [19].

Extracorporeal shock wave therapy (ESWT), local ultra-
sound has been used as supportive conservative measures but 
their efficacy is not proved due to limited research.

 Orthotics
Placement of orthotic support inside the shoes have been 
recommended by Jukka et al. [32]. This method limits the 
excessive movement of the subtalar joint and it has been 
successfully tried in many athletes in outpatient sports clinic 
of Turku.

 Fascial Distortion
Christoph et al. has described treatment of MTSS accord-
ing to the Fascial Distortion Model [33]. In this method, he 
uses strong local pressure by fingertips on painful areas to 
reduce pain.

 Others
Some of the conservative modalities like taping of longitudi-
nal arch of the foot, cast immobilization in severe cases, acu-
puncture [34], use of nonsteroidal anti-inflammatory 
medication or steroid injections are used in practice but with 
limited evidence. Newer methods such as dry-needling, 
autologous blood injection, platelet-rich plasma, and prolo-
therapy [31] have been described in literature.

 Surgical Treatment

Ben et al. performed surgical intervention in 78 patients of 
which 46 patients kept the follow up [35]. The surgery was 
performed only after conservative treatment had failed for a 
minimum of 12 months. On mean postoperative follow up of 
30 months, he observed significant reduction in pain associ-
ated with MTSS. According to the technique described [35], 
a longitudinal linear incision is made along the middle and 
distal thirds of the inner tibial border. A deep posterior com-
partment fasciotomy is performed by dividing the fascia at 
the fascia-bone interface. The most important step is the 
release of the soleus bridge which is the part of distal fascia 
proximal to flexor retinaculum. A two cm wide strip of peri-
osteum is then removed from along the inner tibial border. 
Patient is advised to walk with crutches for 2 weeks after 
which normal walking is allowed but no sports activity for 6 
weeks [35]. The study concluded that surgery significantly 
reduced pain levels (p < 0.001) by an average of 72 % as indi-
cated on the visual analog pain scale [35].

 Rehabilitation and Back-to-Sports

Specific rehabilitation program should be planned for indi-
vidual sports person, taking into consideration various fac-
tors like grade of injury, its duration, kind of sports activity 
etc. Proprioceptive exercises are vital and strengthening 
exercises are started according to the pain tolerance.

Proper training plan is implemented which slowly 
increases in duration, frequency and intensity. Sports specific 
activities, impact activities like jumping, hill running are 
started in graded manner [26].

 Prevention

Many measures have been recommended by various authors 
to prevent occurrence of shin splints. However, limited study 
has been performed to prove effectiveness of any of these 
measures. A systematic review of four randomized con-
trolled trials has been published by Stephen et al. [36]. Based 
on this review, he recommends use of shock absorbent ortho-
ses inserts in young male athletes as a preventive measure. 
The orthosis stabilizes the subtalar joint and decreases 
pronation.

Other preventive measures include warm-up exercises, 
good running techniques, minimization of running on hills and 
hard surfaces, the time of exercise and the use of running shoes.

A good exercise program is suggested to strengthen and 
stretch the appropriate muscle group. This includes Achilles 
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tendon stretching, dorsiflexor muscle strengthening with 
weights on toes and isometric exercises for developing arch 
strength [12].

 Evidence

The highest level of evidence supporting the explanation in 
this article is Level-1, i.e. Systematic review of Level-1 ran-
domized controlled trials.

 Summary

• True Shin Splints (Medial Tibial Stress Syndrome) is a 
symptom complex characterized by pain and discomfort 
in the distal posteromedial aspect of leg after repetitive 
overuse in walking and running.

• Diagnosis of shin splints is particularly based on thorough 
clinical history and physical examination.

• Investigations like plain radiograph, bone scintigraphy 
and MRI are recommended in nonspecific cases and to 
rule out other forms of exercise induced leg pain.

• Conservative treatment is effective method of manage-
ment while rarely surgical intervention is needed.

• Many preventive modalities have been suggested by vari-
ous authors but limited study has been performed to prove 
their effectiveness.

Acknowledgements I want to acknowledge contribution of my wife, Dr. 
Mrs Vaishali Sampat Dumbre Patil, who is a consultant radiologist, Pune, 
India, for her assistance in radiological investigations in shin splints.

References

 1. American Medical Association, Committee on the medical aspects 
of sports, subcommittee on classification of sports injuries. 
Standard nomenclature of athletic injuries. Chicago: AMA; 1966.  
p. 126.

 2. Hutchins CP. Explanation of spike soreness in runners. Am Phys Ed 
Rev. 1913;18:31–5.

 3. Clement D, Taunton J, Smart G. A survey of overuse running inju-
ries. Phys Sports Med. 1981;9:47–58.

 4. Epperly T, Fields K. Epidemiology of running injuries. In: O’Connor 
F, Wilder R, editors. Textbook of running medicine. New York: 
McGraw-Hill; 2001. p. 1–11.

 5. Taunton JE, McKenzie DC, Clement DB. The role of biomechanics 
in the epidemiology of injuries. Sports Med. 1988;6:107–120.

 6. Detmer D. Chronic shin splints: classification and management of 
medial tibial stress syndrome. Sports Med. 1986;3:436–46.

 7. Johnell O, Wendeberg M, Westlin N. Morphological bone changes 
in shin splints. Clin Orthop. 1982;167:180–4.

 8. Beck BR, Osternig LR. Medial tibial stress syndrome. J Bone Joint 
Surg. 1994;76:1057–61.

 9. Mubarak SJ, Gould RN, Lee YF, Schmidt DA, Hargens AR. The 
medial tibial stress syndrome: a cause of shin splints. Am J Sports 
Med. 1982;10:201–5.

 10. Paul WD, Soderberg GL. The shin splint confusion. In: Proceedings 
of the 8th National Conference on Aspects of Sports, Chicago, Am 
Med Assoc. 1967;19–24.

 11. Magnusson H, Westlin N, Nyqvist F, et al. Abnormally decreased 
regional bone density in athletes with medial tibial stress syndrome. 
Am J Sports Med. 2001;29:712–5.

 12. Wayne Rasmussen, Rpt. Shin Splints: definition and treatment. 
J Sports Med. 1974;2(2):111–7.

 13. Ugalde V, Batt M, Chir MBB. Shin splints: current theories and 
treatment. Crit Rev Phys Rehab Med. 2001;13:217–53.

 14. Holder LE, Michael RH. The specific scintigraphic pattern of “shin 
splints in the lower leg”: concise communication. J Nucl Med. 
1984;25:865–9.

 15. Love C, Din AS, Maria B, Tomas MB, et al. Radionuclide bone 
imaging: an illustrative review. Radiographics. 2003;23(2):341–58.

 16. Lee JK, Yao L. Stress fractures MR imaging. Radiology. 1988;169: 
217–20.

 17. Martin SD, Healey JH, Horowitz S. Stress fracture MRI. 
Orthopedics. 1993;16:75–8.

 18. Stafford SA, Rosenthal DI, Gebhardt MC, et al. MRI in stress frac-
ture. AJR. 1986;147:553–6.

 19. Michael Fredericson A, Bergman AG, Hoffman KL, et al. Tibial 
stress reaction in runners correlation of clinical symptoms and scin-
tigraphy with a new magnetic resonance imaging grading system. 
Am J Sports Med. 1995;23(4):472–81.

 20. Zwas ST, Elkanovitch R, Frank G. Interpretation and classification 
of bone scintigraphic findings in stress fractures. J Nucl Med. 
1987;28:452–7.

 21. Abramowitz AJ, Schepsis A, McArthur C. The medial tibial syn-
drome. The role of surgery. Orthop Rev. 1994;23:875–81.

 22. Clanton TO, Solcher BW. Chronic leg pain in the athlete. Clin 
Sports Med. 1994;13:743–59.

 23. Moore MP. Shin splints. Diagnosis, management, prevention. 
Postgrad Med. 1988;83:199–210.

 24. Clement DB. Tibial stress syndrome in athletes. J Sports Med. 
1974;2:81–5.

 25. Rzonca EC, Baylis WJ. Common sports injuries to the foot and leg. 
Clin Podiatr Med Surg. 1988;5:591–612.

 26. Beck B. Tibial stress injuries: an aetiological review for the pur-
poses of guiding management. Sports Med. 1998;26(4):265–79.

 27. Kortebein P, Kaufman K, Basford J, Stuart M. Medial tibial stress 
syndrome. Med Sci Sports Exerc. 2000;32(3 suppl):S27–33.

 28. Couture C, Karlson K. Tibial stress injuries: decisive diagnosis and 
treatment of ‘shin splints’. Phys Sportsmed. 2002;30(6):29–36.

 29. DeLee J, Drez D, Miller M. DeLee and Drez’sorthopaedic sports 
medicine principles and practice. Philadelphia: Saunders; 2003. 
p. 2155–9.

 30. Wilder R, Seth S. Overuse injuries: tendinopathies, stress fractures, 
compartment syndrome, and shin splints. Clin Sports Med. 
2004;23:55–81.

 31. Michael Galbraith R, Lavallee ME. Medial tibial stress syndrome: 
conservative treatment options. Curr Rev Musculoskelet Med. 
2009;2:127–33.

 32. Jukka T, Viitasalo JT, Kvist M. Some biomechanical aspects of the 
foot and ankle in athletes with and without shin splints. Am J Sports 
Med. 1983;11(3):125–30.

 33. Schulze C, Finze S, Bader R, et al. Treatment of medial tibial stress 
syndrome according to the fascial distortion model: a prospective 
case control study. Sci World J. 2014; Article ID 790626:1–6.

 34. Callison M. Acupuncture and tibial stress syndrome (shin splints). 
J Chinese Med. 2002;70:24–7.

 35. Yates B, Allen MJ, Barnes MR. Outcome of surgical treatment of 
medial tibial stress syndrome. J Bone Joint Surg. 2003;85-A(10): 
1974–80.

 36. Thacker SB, Gilchrist J, Stroup DF, et al. The prevention of shin 
splints in sports: a systematic review of literature. Med Sci Sports 
Exer. 2001;32–41.

S.S.D. Patil



187© Springer International Publishing Switzerland 2016
V. Valderrabano, M. Easley (eds.), Foot and Ankle Sports Orthopaedics, DOI 10.1007/978-3-319-15735-1_20

Achilles Tendon

Matthijs Jacxsens, Lukas Weisskopf, Victor Valderrabano, 
and Claudio Rosso

Abstract

Achilles tendon disorders are most common in individuals who participate in endurance 
sports that involve repetitive loading of the foot. The increasing incidence is correlated with 
an expanding participation of the population in recreational and competitive sports and is 
therefore one of the more common disorders seen in sports medicine. In the following chap-
ter both acute Achilles tendon disorders such as the partial and full Achilles tendon ruptures 
as well as more chronic disorders such as Achilles tendinopathy is thoroughly discussed 
with special attention for elite sportsmen.
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Achilles tendon injuries are among the more common disor-
ders seen in sports medicine. As a result of an expanding 
participation of the population in recreational and competi-
tive sports, an increasing incidence is noticed during the last 
decades [1]. Achilles disorders are most common in indi-
viduals who participate in endurance sports that involve 
repetitive, eccentric impact loading and jumping. Therefore, 
the highest prevalence of Achilles tendon injuries is seen in 

track and field athletes [2–6]. Other athletes that suffer of 
this pathology mostly participate in racquet sports, dancing 
or ball games such as football, soccer, volleyball, basketball, 
and rugby [7–14].

The Achilles tendon is the largest and strongest tendon 
of the body and is formed by the confluence of fibers derived 
of the gastrocnemius and soleus muscles [15, 16]. In 93 % of 
the population, these muscles are accompanied medially by 
the plantaris tendon [17]. Towards its insertion on the poste-
rior surface of the calcaneus distal to the posterior-superior 
calcaneal tuberosity, the fibers twist 90° to help tendon elon-
gation, elastic recoil and release of stored energy during 
movement so the tendon can act as a spring [18]. The retrocal-
caneal bursa is located deep and proximal to this insertion 
[16]. The Achilles tendon is surrounded by a paratenon. This 
richly vascularized tissue is responsible for the main blood 
supply to the tendon [19]. The sensory innervations of the 
tendon is derived from the attaching muscles and cutaneous 
nerves, particularly the sural nerve [20]. The musculotendi-
nous unit (MTU) of the gastrocnemius and soleus (the con-
junction of tendon, their aponeurosis and muscles) function as 
the main plantar flexor of the ankle joint. It provides the pri-
mary propulsive force for movement during walking,  running 
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and jumping. Furthermore, the Achilles tendon provides a 
supination of the subtalar joint as the Achilles tendon inserts 
medially of the axis of the hindfoot [14]. Despite the fre-
quency of Achilles tendon disorders, there is still discussion 
about the terminology. The terminology applied in this chap-
ter is based on anatomic location, symptoms, clinical findings 
and histopathology as described by van Dijk et al. [21].

 Etiology and Pathomechanism

 Achilles Tendinopathy

Achilles tendinopathy is a typical chronic overuse tendon 
disease as a result of repeated loading on the tendon. This 
overuse disorder is most commonly seen in elite endurance 
runners, with a 1-year prevalence of 11 % and a lifetime 
cumulative incidence of up to 50 % [5, 6, 22]. However, 30 % 
of the sedentary population suffers of the same disorder. This 
condition has been correlated with seronegative arthropa-
thies [23] and is most likely to occur in middle-aged people 
(30–55 years old). Achilles tendinopathy can be categorized 
according to the anatomical location as a mid-portion (non- 
insertional) and an insertional tendinopathy.

The mid-portion tendinopathy is characterized by a com-
bination of pain and swelling located 2–6 cm proximal to the 
tendon insertion, correlating to the histological pattern of 
“tendinosis”, which indicates an inadequate healing process 
with a disorganized collagen structure and possible degen-
erative non-inflammatory signs. Occasionally, signs of 
necrosis or calcification can be found within the tendon. 
Three stages are proposed to classify the pathology: initially 
a reactive tendinopathy can be seen, followed by a tendon 
disrepair, finally a degenerative tendon is described [24]. 
However, it should be mentioned that up to 34 % of asymp-
tomatic tendons show the same histopathological changes 
[25, 26]. These morphological changes lead to stiffness of 
the tendon, predisposing the elderly population secondary to 
overuse microtraumata.

The etiology of the disease is unclear but is seen as multi-
factorial. Several theories have been proposed, such as the 
neurogenic, angiogenic, impingement and “iceberg” hypoth-
eses [27–31]. The latter describes the hypothesis that the dis-
ease consists out of different thresholds with the symptomatic 
patient as the end stage. The cause of pain has been corre-
lated with neovascularization and nerve ingrowth, which 
could trigger neurogenic-mediated inflammation pain [26]. 
Besides these local tissue changes, peripheral and central 
nociceptive mechanisms might be involved in the pain 
 mechanism [32]. The role of inflammation in tendinopathy 
in general has been controversial, recently infiltration of 
inflammatory cells has been found in the early phase of ten-
dinopathy. However, no histological evidence of inflamma-

tion has been found in the advanced phase of the disease 
where the patient is symptomatic [31, 33]. Individual predis-
posing risk factors, both intrinsic as well as extrinsic, may 
influence the onset of the pathology. The main intrinsic pre-
disposing risk factors are genetic predisposition, age, gender, 
endocrine/metabolic diseases, lower extremity malaligne-
ment with hyperpronation of the foot as the most important 
contributing one, leg length discrepancy, chronic ankle insta-
bility, and muscular dysbalance and insufficiency. The main 
extrinsic factors contributing to Achilles tendon tendinopa-
thy are medication (steroids, fluoroquinolone antibiotics), 
environmental factors such as hard training surface and most 
of all excessive loading because of intensive training, rapid 
progressive training, improper footwear, fatigue and inade-
quate warm-up or stretching [34–37].

Enthesiopathies such as the Achilles insertional tendinop-
athy (AIT) take place on the junction between the tendon and 
the bone is located at the insertion of the tendon onto the 
calcaneus. The pathomechanism is similarly as seen in jump-
er’s knee, tennis or golfer’s elbow [38]. Because of the typical 
twist of 90° at the insertion of the Achilles tendon, the junc-
tion is exposed to shear strains, as the tendon fibers do not 
enter the bone perpendicular [39]. The described factors lead-
ing to AIT are muscle fatigue by altering muscle-tendon stiff-
ness [40], training on hard surfaces so that shock waves are 
absorbed by the junction [41], contracture, dysbalance and/or 
insufficiency of the gastrocnemius, soleus and tibialis ante-
rior muscles and stress-shielding, where the posterior portion 
is exposed to significantly more strain as the anterior portion 
which corresponds with the pathological area in AIT [42].

AIT is highly associated with retrocalcaneal bursitis. Up 
to 60 % of patients also have Haglund’s deformity, which 
leads to mechanical bony impingement causing an exacer-
bating of the pathology.

Bone spurs and calcifications in the tendon at the inser-
tion site can be found often. Histopathologically, there is 
ossification of enthesial fibrocartilage, sometimes accompa-
nied with small tendon tears occurring at the tendon-bone 
junction.

Paratendinitis/Paratenonitis is a more acute tendon disor-
der occurring in most of all long-distance runners and is 
defined by an inflammation of the paratenon around the 
Achilles tendon. This inflammatory condition of the 
paratenon can be associated with rheumatoid arthritis, sero-
negative arthropathies, infection, and most of all with over-
use injuries of the Achilles tendon [43]. In acute 
paratenonitis, edema and hyperaemia of the paratenon are 
typically seen. Infiltration of inflammatory cells is described 
and may possibly lead to the production of a fibrinous exu-
date located between the tendon sheath and the tendon 
itself, causing palpable crepitations on physical examina-
tion. In chronic Achilles paratenonitis, the paratenon 
becomes more  thickened as a result of persistent fibrinous 
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exudate. The  proliferation of (myo-) fibroblasts leads to the 
formation of new connective tissue and adhesions between 
tendon, paratenon and the crural fascia. Therefore, the crep-
itations and swelling are less pronounced but pain at the 
mid-portion of the tendon induced by physical activity is 
more prominent [44].

 Achilles Tendon Rupture

Although the Achilles tendon is the strongest tendon in the 
human body, it is also the most frequently ruptured one with 
increasing incidence [23, 45–47]. In contrast to other tendon 
ruptures, the Achilles tendon rupture is highly correlated 
with physical activity, with more than 75 % of the Achilles 
tendon ruptures occurring during sports activity. In the past 
decades, an increasing total number of Achilles tendon rup-
tures has been noticed. This increase has been attributed to 
an increase in sports participation of the middle aged seden-
tary population, mostly in the third or fourth decade of life 
[14, 36, 48]. However, elite athletes have an elevated risk 
with rupture occurring earlier in life because of the high 
physical demands put on the Achilles tendon [6].

Although the pathomechanism of Achilles tendon rup-
tures is not clear, a consensus about a multifactorial process 
exists. A combination of degenerative changes and mechani-
cal stress are described as causal processes. The most com-
mon site for acute tears is the area about 2–6 cm proximal to 
the insertion, correlating with a hypovascularized mucoid 
degenerative zone of the tendon. Failure of tendon repair 
because of repetitive loading and disuse could lead to micro-
trauma of the tendon, even in healthy tendons without signs 
of degeneration [49]. An ultimate stress then leads to failure, 
resulting in a partial or full-thickness tear. An acute tear is 
mostly related to a sudden forced plantar flexion during 
weight bearing with a fully extended knee. Therefore, ath-
letes who participate in sports requiring explosive accelera-
tion, sudden changes in direction, jumping and sprinting are 
at higher risk. Also a violent dorsiflexion in a plantar flexed 
foot which occurs when falling has been described as a 
mechanism of injury [6, 50].

The same triggering intrinsic and extrinsic risk factors as 
those for mid-portion tendinopathy, are described, with over-
training, hyperpronation, gastrocnemius/soleus contracture/
insufficiency and excessive eccentric loading as main attrib-
uting factors [51]. However, only 5 % of the patients with an 
Achilles tendon rupture had a diagnosis of Achilles tendi-
nopathy before the tendon failure. It seems that most of the 
ruptures occurs in subjects who were asymptomatic before 
the tear, although in most Achilles tendon rupture signs of 
degeneration and tendinopathy can be found [52].

Several drugs such as anabolic steroids and fluoroquino-
lones are related to spontaneous ruptures as they can cause 

dysplasia of collagen fibrils and increase the risk of tendon 
rupture [53, 54].

 Symptoms

 Achilles Tendinopathy and Paratenonitis

Mid-portion Achilles tendinopathy is a clinical syndrome 
characterized by pain and a diffuse or localized swelling of 
the tendon located at 2–6 cm from the insertion onto the cal-
caneus leading to an impaired performance [21]. Mid-portion 
Achilles tendinopathy can be initially asymptomatic with a 
typically gradual progress of the symptoms.

In AIT, the patient will describe a combination of pain, 
morning ankle stiffness and sometimes swelling that wors-
ens with activity, localized at the insertion of the tendon. An 
athlete may describe these symptoms getting worse after 
exercise but becoming eventually constant. The symptoms 
can be aggravated by uphill running and interval training.

The most important symptoms in paratendinitis/parateno-
nitis are exercise-induced pain and edema of the tendon lead-
ing to a swelling. However, athletes will often complain of 
stiffness and pain at the beginning of their sports activity. 
This discomfort then may resolve after a period of running.

 Partial and Complete Achilles Tendon Rupture

Patients with an Achilles tendon rupture usually describe a 
history of acute intense, mostly sports-related or pain in the 
mid-portion of the Achilles tendon comparable to the feeling 
of being shot or kicked above the heel. A popping sound is 
often described by the athlete. Also physical dysfunction, 
weakness or stiffness of the affected ankle is commonly 
described. Patients with a partial tear do not often complain 
of severe pain. Above all, an increased swelling or dysfunc-
tion of the ankle during weight bearing may be presented.

 Diagnostics

First, a thorough history and physical examination is manda-
tory. Further evaluation can be obtained by imaging. 
Ultrasonography (US) and Magnetic Resonance Imaging 
(MRI) are used to confirm a clinical suspicion of an Achilles 
tendon disorder. US is more cost-effective and has the advan-
tage of being a dynamic examination, however it is reader- 
dependent so that an experienced user is favorable [55]. On 
the other hand, MRI leads to identification of the various 
stages of the pathology and can identify concomitant pathol-
ogy. MRI can be preferred for preoperative planning in 
chronic tendon disorders as it allows for multiplanar imaging 
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[56]. Radiographs can be useful for demonstrating additional 
pathology and malalignment of the foot and ankle.

 Achilles Tendinopathy and Paratenonitis

In mid-portion Achilles tendinopathy, the pain may be exac-
erbated by loaded dorsiflexion of the foot. In the clinical 
examination, the dorsiflexion of the ankle joint is often 
impaired and the intratendinous swelling moves typically 
with the Achilles tendon. In some cases, ossifications can be 
palpated in the tendon. The imaging findings correlate with 
the different stages of the pathology. Degeneration with a 
correlating tendon thickening can be visualized by both MRI 
as well as US. In a degenerated tendon, US shows a 
hypoechoic tendon. Progression of the pathology with col-
lagen fiber separation and disruption can be visualized as 
intrasubstance tears or clefts [43]. An additional Doppler 
scanning can determine the neovascularisation of the tendon. 
Calcifications and bony spurs can hinder US evaluation. 
Plain radiographs are then indicated for further assessment 
of the tendon. On MRI, the following findings are associated 
with the disease: tendon thickening, edema of Kager’s fat 
pad, peritendinous edema and tendon disruption. During 
progression of the disease, an increasing high signal is seen 
in the T2 weighted images [57]. All these features are found 
in asymptomatic and symptomatic patients, so that both clin-
ical presentations and imaging findings have to be seen as a 
whole picture. It should be noticed that an abnormal tendon 
signal without tendon thickening should be analyzed with 
care as the magic angle phenomenon can lead to false- 
positive high signals of the tendon [58].

In case of paratenonitis (also called paratendinitis), a dif-
fuse swelling can be palpated in combination with typical 
crepitations along the tendon. Also tender nodules can be 
noticed in some cases. These findings are less pronounced 
in case of chronic paratenonitis because new connective tis-
sue and adhesions are formed between tendon, paratenon, 
and crural fascia. In the acute phase, US may reveal fluid 
between the tendon and the paratenon most likely at the pos-
terior side of the tendon, leading to a hypoechoic signal 
combined with a thickened paratenon. This fluid leads to a 
hyperintense signal on T2 weighted MR images [57]. 
Doppler imaging is helpful in order to detect increased vas-
cularity [43].

In AIT, examination reveals tenderness at the insertion 
of the tendon, with swelling and possible calcifications or 
a bony spur within the tendon. The pain can be worse by 
passive dorsiflexion and a limited dorsiflexion can be 
found secondary to this pain. All these findings may be 
combined with the palpation of a prominence of the pos-
terosuperior lateral aspect of the calcaneus, also known as 
a Haglund’s deformity. Other possible diagnosis of poste-

rior heel pain, such as os trigonum or posterior impinge-
ment should be ruled out. Imaging is not necessary for the 
diagnosis but plain radiographs can be helpful to deter-
mine the morphology of the posterior aspect of the calca-
neus and the Achilles tendon insertion as the previously 
described deformities can be visualized (Fig. 20.1). US 
and/or MRI may be used to determine the degree of degen-
erative changes of the tendon at its insertion and to visual-
ize concomitant pathologies such as retrocalcaneal bursitis 
or posterior impingement.

 Achilles Tendon Rupture

The diagnosis of an acute Achilles tendon rupture is first of 
all based on clinical findings [56]. Nevertheless, the diagno-
sis may be overlooked at the first presentation at the physi-
cian in up to 23 % of the cases [59]. In most of the patients, 
ankle dorsiflexion is impaired, although some patients are 
still able to plantarflex the ankle by use of the remaining 
intact tendons of the foot.

Inspection and palpation may show edema, brusing and a 
gap along the course of the tendon. Ankle plantarflexion is 
typically decreased so that a heel rise becomes impossible. 
To confirm the diagnosis, many physical examination 
maneuvers are described. The most sensitive and specific test 
is the (Simmonds-) Thompson test, hereby the patient is 
lying in the supine position and the knee is in 90° of flexion. 
Squeezing the calf leads to plantar flexion of the foot if the 
Achilles tendon is intact. Diminished or absent plantar flex-
ion is suggestive for a rupture [60, 61]. Other helpful tests are 
the Matles (Fig. 20.2), Copeland and O’Brien tests [62–64]. 

Fig. 20.1 The morphology of posterior aspect of the calcaneus can be 
visualized by use of plain radiographs. Also the morphology of the 
Achilles tendon insertion can be determined, a bony spur can be possi-
bly visualized in case of AIT
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Alterations in the clinical examination findings can be found 
because of an intact part of the tendon in partial tears or 
interposed scar tissue in chronic tears. Imaging evaluation is 
not necessary to make a diagnosis but is helpful in therapeu-
tic decision making. US is useful in the acute setting as it can 

asses a dynamic evaluation of the tear. A hematoma in the 
interposing gap can be well visualized but may lead to a dif-
ficult visualization of the tendon ends [65]. A disadvantage 
of US is that the differentiation between partial tears and 
degeneration can be difficult, so that in this case further 
assessment by use of a MRI is indicated [66, 67]. MRI of an 
acute rupture demonstrates tendon discontinuity with possi-
ble degenerative changes of the underlying tendon and 
edema or hematoma between the retracted tendon parts 
(Fig. 20.3). In chronic full-thickness tears, the tendon gap 
may consist out of scar tissue. Partial tears can be visualized 
as incomplete disruption of tendon fibers and often extend to 
the tendon surface [43].

 Therapy

 Mid-portion Achilles Tendinopathy

Mid-portion Achilles tendinopathy is characterized by disre-
pair of the tendon leading to degenerative changes, including 
disorganized collagen fibers and neovascularity. Treatment 
therefore should focus on reversing the disrepair of the 
tendon.

The mid-portion Achilles tendinopathy usually responds 
well to non-operative treatment measures with a success rate 
of up to 75 % [68]. In athletes, an initial activity modification 
is generally accepted as primary treatment measure. The role 
of non-steroidal anti-inflammatory drugs (NSAID) is contro-
versial as inflammation is only seen in the initial phase of the 
disease, moreover this inflammation could be necessary for 
tendon healing. Therefore, NSAID could have a negative 
effect on tendon healing so that the role of these drugs seems 
to be obsolete [69, 70]. Analgesia by use of paracetamol and 
ice application should be encouraged. Besides treating the 
intrinsic and extrinsic causing factors by modifying or cor-
recting malalignments, muscular dysbalance, footwear, inad-
equate stretching and training errors, eccentric exercises are 
the gold standard therapy. The most used training protocol is 
based on an eccentric heel drop on the affected leg, the non-
affected leg is then used to return to the start position. For a 
period of 12 weeks, three sets of 15 repetitions should been 
done twice daily (3 × 15 with the knee in extension and 3 × 15 
with the knee in flexion) [68]. These exercises have shown to 
be superior to a wait-and-see treatment or concentric exer-
cise [71]. Only low-energy shock wave therapy (SWT) can 
be a potential alternative for such an exercise program. 
Nevertheless, the combination of both eccentric exercises 
and low-energy SWT seems to be the most effective [71–76]. 
Additional therapy measures such as night splints, low-level 
laser therapy and injection of low-dose heparin, glycosami-
noglycans, aprotinin, topical glyceryl trinitrate and scleros-
ing agents are described and may induce pain relief, however 

Fig. 20.2 During the Matles test, the patient lies in a prone position, 
active or passively flexing the knee to 90° with both feet and ankles in a 
neutral position. When an absence of plantar flexion is observed, the 
test proves positive. The rupture will tend the foot more into dorsal 
flexion as seen on the left foot of this patient

Fig. 20.3 T2 weighted MRI of an acute rupture showing MRI tendon 
discontinuity with possible degenerative changes of the underlying 
tendon
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there is no definitive evidence whether these may lead to ten-
don healing [77–81]. Also corticosteroid injections have lack 
of clinical evidence and have the risk to induce Achilles ten-
don ruptures, so that the use of corticosteroid injection are 
generally not recommended in the treatment of mid-portion 
tendinopathy [82].

Platelet-rich plasma (PRP)-infiltrations are gaining popu-
larity and mild to moderate clinic benefits are described. 
However, similar outcomes were noted in placebo and con-
trol groups, so there is no clear evidence that PRP-infiltrations 
have superior clinical outcomes [83, 84].

Failure of conservative treatment is correlated with the 
degree of tendon degeneration, patient age, and duration of 
symptoms. Generally, after a period of 3–6 months of unsuc-
cessful conservative management, an operative treatment is 
indicated [68].

Operative management consists out of a longitudinal inci-
sion of the tendon in order to debride the diseased portion 
along with adjacent involved fibrous tissue and bony spurs. 
The longitudinal repair is perfomed by use of tubularization. 
In severe stages of degeneration or irreparable tendons, 
augemention repair with the plantaris longus tendon or a ten-
don transfer can be a solution [1].

 Insertional Achilles Tendinopathy

Similarly as the other overuse Achilles tendon disorders, AIT 
should be initially treated by a non-operative treatment, 
although the success rate is less than in mid-portion tendi-
nopathy. The treatment consists of the same measures as pre-
viously described for mid-portion tendinopathy. A relative 
rest, ice applications, stretching and modifications of train-
ing errors, activity and footwear, including heel lifts or open- 
back shoes to avoid pressure on the heel, are part of the 
treatment [85]. Eccentric training of the tendon is favored 
and forms the basis of the treatment, however patient satis-
faction is worse than in mid-portion Achilles tendinopathy 
[86–88]. It has been thought that full range of motion exer-
cises lead to mechanical impingement of the tendon, with 
persisting pathology and lower patient satisfaction as a con-
sequence. Therefore, floor level exercises are described with 
promising results [89]. Concomitant low-energy SWT can 
optimize the clinical outcomes [88]. Also in the treatment of 
AIT, injection of several substances such as hyperosmolar 
dextrose or polidocanol may lead to pain relief, however, 
there is a clear lack of level I studies to confirm the clinical 
evidence [89].

Non-operative measures should be exhausted before 
heading to surgery. The surgical goals consist of removal of 
degenerative portions of the tendon and associated calcifica-
tions or bony spurs. Secondly, the retrocalcaneal bursa and a 
prominent posterior calcaneal prominence can be resected. 

Several approaches are described: a medial incision, lateral 
incision, a combination of both and a posterior longitudinal 
midline incision [90–94]. A medial incision with a longitudi-
nal midline tendon incision is the preferred approach by the 
authors. After skin incision and a thorough inspection, the 
tendon is tenotomised longitudinally so that scar mucoid tis-
sue and bony parts can be excised. If necessary, the tendon is 
partially or fully detached in order to resect a prominent pos-
terior prominence. Tendon reattachment is done by use of 
bone anchors (Fig. 20.4). If a large portion of the tendon is 
resected, an augmentation or tendon transfer can be done.

Surgical treatment has shown to have relative good out-
comes with up to 80 % patient satisfaction. A complication 
rate of 23 % with 3 % major complications after operative 
treatment is reported [89].

 Paratenonitis

Most of the patients can be treated successfully with conser-
vative measures. These include relative rest and immobili-
zation by means of a sports activity limitation and a night 
splint. As infiltration of inflammatory cells is described in 
this Achilles tendon disorder, non-steroidal anti- 
inflammatory medications probably will not only lead to 
pain relief but may be influence the disease to a healing pro-
cess. Also ice applications can lead to more pain relief in the 
acute phase [44].

Fig. 20.4 Intraoperative fluoroscopy of a reatached Achilles tendon by 
use of two ankors after Haglund’s deformity (pump bump) resection 
and intratendinous debridement with partial detachment of the Achilles 
tendon
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If these conservative measures don’t help, a technique 
called brisement can be performed. Local anesthetics is 
hereby infiltrated in the space between the paratenon and the 
Achilles tendon to release the scar tissue. These infiltrations 
probably has to be repeated for two or three times and can be 
beneficial in earlier stages of the problem up to 50 percent of 
the time. We don’t recommend to add cortisone as it is asso-
ciated with an increased risk of Achilles tendon rupture. 
Physiotherapy combining stretching with strengthening 
exercises, is usually beneficial.

Surgical therapy consists of debridement of the surround-
ing thickened and scarred sheath. The tendon itself is also 
explored and any associated disorder is treated. To prevent 
any recurrent scarring of the tendon to the paratenon, mobi-
lization is started almost immediately postoperatively. Full 
weight-bearing is allowed as soon as pain and swelling is 
reduced, usually within the first 2 weeks after surgery [14].

 Achilles Tendon Rupture

The treatment of choice, conservative versus operative, in 
acute Achilles tendon ruptures is controversial and the sub-
ject of many debates. The treatment should not only restore 
tendon length and tension but also strength of the MTU 
resulting in good clinical function [95, 96]. In competitive 
athletes, younger patients as well as active elderly, a consen-
sus exists for the operative because of a lower described 
rerupture and tendon lengthening risk in comparison to a 
non-operative treatment. On the other hand, surgery is asso-
ciated with an increased risk of perioperative complication 
[97, 98]. Because of these perioperative complications, con-
servative treatment is preferred in patients with multiple 
comorbidities [99, 100].

 Surgical Treatment
In the classic open approach, a medial incision is preferred to 
reduce the risk of sural nerve lesions. A meticulous prepara-

tion with respect for the surrounding soft-tissue, in particu-
larly the preservation of the paratenon, is necessary to 
prevent healing complications. After a longitudinal incision 
of the paratenon, the Achilles tendon can be exposed. After 
gentle debridement of the tendon ends, the Achilles tendon is 
repaired by open end-to-end non-absorbable sutures 
(Fig. 20.5). Multiple suture techniques can be used such as 
the Bunnell, Kessler, Krackow, giftbox and triple bundle 
technique, in order to reduce the tendon gap [95]. These may 
vary from 2-, 4-, or 6-strand repairs. One of the great advan-
tages of the classic open approach is the re-attachment of the 
Soleus tendon, which is very important for plantar flexion 
force and is often missed in percutaneous surgical tech-
niques. The contralateral ankle can be used to compare and 
ensure proper length and tension. Additional augmentation 
with the plantaris tendon or a gastrocnemius turndown flap 
can be performed and are helpful in complex or chronic rup-
tures [101–103].

The percutaneous repair introduced by Ma and Griffith, 
forms an alternative for the open repair technique [104]. By 
use of small stab incisions under local anesthesia infiltration 
at the medial and lateral side of the tendon, sutures are passed 
through the tendon first proximally of the rupture, afterwards 
the same is repeated distally. Several sutures are passed 
through the tendon, next the proximal and distal sutures are 
tied with the ankle in maximal plantar flexion. Several varia-
tions on this principle using different kind of devices are 
described going from a technique with fewer incisions to a 
mini open technique [105, 106].

The role of PRP application combined with surgical repair 
is controversial, however, recently a meta-analysis provides 
evidence for platelet concentrates in the treatment of Achilles 
tendon ruptures in vivo, so that PRP may be a useful addi-
tional therapy for the management of Achilles tendon rup-
tures [84].

Postoperative treatments vary from complete immobiliza-
tion with casting to immediate weight-bearing. It has been 
shown and recently confirmed that functional rehabilitation 

cba

Fig. 20.5 (a) The Achilles tendon rupture is exposed after a medial 
incision. Proximally and distally of the rupture, degenerative tissue can 
be visualized and is gently debrided. (b) The Achilles tendon is repaired 

by multiple open end-to-end non-absorbable sutures. (c) In order to 
restore tendon length and tension, Achilles tendon repair is done in 
plantarflexion
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is advantageous as compared to immobilization [100]. In 
athletes, we prefer a walker or shoe and partial weight bear-
ing because early mobilization and functional bracing has 
shown to have better patient satisfaction, earlier return to 
work and pre-injury activities [107]. In the first 2 weeks, par-
tial weight-bearing with a walker in 30° of plantar flexion is 
allowed. In weeks 3 and 4, patients are allowed to progress to 
full weight-bearing with 20° of plantar flexion. In the follow-
ing 2 weeks, the heel pad is reduced to 10° of plantar flexion. 
After that, plantigrade weightbaring in a walker is allowed 
for another 2 weeks, resulting in functional bracing of 8 
weeks in total. During these 8 weeks, the patient is asked to 
wear a night splint in 30° of plantar flexion, as lengthening of 
the tendon has to be prevented.

The most common complications of surgical repair 
include infection and wound healing problems. Other 
described complications are rerupture, lengthening of the 
Achilles tendon, sural nerve lesions, deep venous thrombo-
sis (DVT), pulmonary embolus and scar formation [51]. 
The outcomes of both surgical repair techniques have 
shown to have similar rerupture rates [108, 109]. The short 
and midterm results of recent clinical reports could show a 
beneficial trend toward faster return to work and better 
torque per muscle volume in case of an open surgery tech-
nique [96, 110]. However, open repair is correlated with 
higher deep- infection rates and wound healing problems 
[100, 108]. On the other hand, percutaneous repair is cor-
related with a possible iatrogenic sural nerve lesions lead-
ing to anesthesia of the lateral aspect of the foot or a painful 
neuroma [111].

Despite the higher risk of infections and wound healing 
problems, the authors prefer an open technique using a small 
incision to reconstruct the whole Achilles tendon 
(Gastrocnmii and Soleus). This technique has multiple 
advantages such as the possibility to correct asymmetrical 
ruptures, correct alignment of the torn tendon, low rerupture 
rates, superior strength and early active mobilization.

With any of the above-described approaches, the princi-
ples of stable fixation, proper tendon length, rigorous soft 
tissue handling, and protection of nervous structures must be 
kept in mind.

 Conservative Treatment
Conservative treatment is a viable alternative for surgical 
treatment in the elderly with multiple comorbidities. In the 
active person, surgical repair is preferred because of the early 
active mobilization and less rerupture rates. However, clini-
cal results and muscle atrophy are comparable to surgical 
treatment [112]. Conservative treatment classically consists 
of cast immobilization in equines position for 4 weeks, fol-
lowed by a more neutral position for the following 4 week 

with typically 6 weeks of non-weight-bearing [113, 114]. 
More recent protocols include functional bracing, early 
weight-bearing and mobilization. These protocols allow par-
tial or full weight-bearing in a functional brace or stability 
boot, initially in an equines position, followed by a gradually 
decreasing plantar flexion to neutral position over 6–12 
weeks. Often active plantarflexion is allowed with restricted 
dorsiflexion [115, 116]. Patients are then progressed to more 
aggressive strengthening protocols.

 Rehabilitation and Back-to-Sports

 Achilles Tendonitopathy

Return to full sports in athletes dealing with Achilles ten-
dinopathy is variable and can take as long as 6–12 months. 
Initially, the athlete can maintain his fitness by pain-free, 
non weight-bearing activities and may benefit from 
aquatics- based exercises, swimming or cycling. Once the 
athlete is pain-free, cross-training and exercises with a 
gradual increase in weight-bearing can be started. Once 
the patient can handle these basic exercises pain-free, a 
graded return to running can be initiated. Athletes should 
take rest days on a regular basis in order to give the tendon 
time to adapt to the increased stress. Furthermore, an ath-
lete should listen to his body and take symptoms seriously 
to prevent a recurrence of the overuse tendon injury. The 
results of conservative rehabilitation are good with up to 
84 % of the patients returning to the normal level of physi-
cal activity.

In case of a surgical tendon debridement, early weight- 
bearing in a cam boot and ankle motion exercises are initi-
ated after the postoperative swelling has diminished. In the 
3th week postoperative, if the wound is healed, the athletes 
can start with gentle isometric and concentric exercises. Also 
low resistance exercises on a stationary bike and aquatics- 
based exercises are allowed. A progress to eccentric calf 
muscle can be started at 5 weeks postoperative. At 7 weeks 
postoperative, the cam boot can be changed for normal foot-
wear. The stability boot is worn for a total of 12 weeks. 
Continue calf strengthening exercises are performed in order 
to progress to gentle running exercises at 12 weeks postop-
erative. At 3 months postoperative, unrestricted sports activi-
ties are allowed if the patient is pain-free.

In case of tendon reconstruction by use of anchors, the 
postoperative rehabilitation program as described for 
Achilles tendon ruptures is initiated. The return to sport at 
the same level has been described to be 75 % in long-distance 
runners with an average period of recovery in performance to 
9.3 months [117].
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 Achilles Tendon Ruptures

Physiotherapy plays an important role in recovery of patients 
after Achilles tendon surgery. Early weight-bearing and early 
ankle motion exercises lead to better and more rapid func-
tional recovery compared to immobilization after Achilles 
tendon repair. Moreover, this rehabilitation regimen leads to 
less postoperative complications [100, 118, 119]. Athletes 
and ambitious patients are encouraged to mobilize the oper-
ated ankle early on a regular basis. After the postoperative 
swelling has diminished, athletes are allowed to train on a 
stationary bicycle, only by exerting hind-foot pressure to 
move the pedals with a low resistance. Also proprioception 
exercises in the boot are allowed. At 4 weeks postoperative, 
athletes are encouraged to perform non weight-bearing 
active dorsiflexion exercises with a flexed knee in order to 
stimulate collagen healing [120]. Active plantarflexion is not 
allowed yet. Recoil plantarflexion brings the foot back in a 
neutral position. After 8 weeks postoperative, the cam boot is 
changed for a normal shoe and the patient can convert to full 
weight-bearing. Barefoot proprioception, coordination, 
stretching and isometric excercises are allowed. Strengthening 
exercises by means of double heel rises can be started. 
Further exercises with a cross trainer, aquatics and a station-
ary bike with forefoot pedaling are introduced in the reha-
bilitation regime. Jogging and sport specific basic exercises 
are allowed at 3 months postoperative. At 6 months postop-
erative, the athlete can pick up his normal sports activities. 
Regaining normal maximal performance capacities can take 
up to 1 year. A return to sports rate between 67 % and 96 % 
has been described [107, 109]. However, in athletes doing 
sports with a high physical demand of the Achilles tendon, a 
tendon rupture can be a career ending injury [8, 13].

Also in non-surgical therapy, early functional rehabili-
tation have shown to be superior than cast immobilization 
or non-weight-bearing protocols [121]. We prefer an ini-
tial partial weight-bearing for 2 weeks in a stability boot in 
30 ° of plantarflexion. After 2 weeks, patients are pro-
gressed to full weight-bearing. Every second week the heel 
lift is reduced with 10 °, leading to plantigrad weight-bear-
ing in a stability boot after 6 weeks postoperative for a 
total of 12 weeks. The first 4 weeks range of motion is 
limited and only plantarflexion, eversion and inversion of 
the ankle joint is allowed. After 2 weeks, exercises on a 
stationary bike with boot at low resistance are allowed. 
After 6 weeks, stretching exercises, isometric strengthen-
ing exercises and proprioceptive training in the boot can be 
initiated. After 12 weeks, the stability boot treatment is 
completed, during this time passive dorsiflexion is not 
allowed as it can lead to Achilles tendon lengthening. At 
this point, concentric strengthening of the Achilles tendon 
is started. Next, double heel raises will be recommended 

with finally single heel raises. A crosstrainer or stationary 
bike provides additional exercise at home. Low intensity 
jogging is allowed after 3 months. Return to pre- injury 
sports activities may be possible after 6 months in ambi-
tious patients with a high motivation.

 Prevention

Prevention measures should focus on the intrinsic and extrin-
sic contributing risk factors attributing to Achilles tendon 
injuries. When doing sports, a gradual warming-up followed 
by stretching of the Achilles tendon and hamstring is recom-
mended. Limited passive dorsiflexion of the ankle has been 
correlated with Achilles tendon disorders so that stretching 
may be more important as some people think as it restores 
tendon length and assists in the restoration of biomechanical 
properties of the tendon. Stretching is therefore recommended 
as a preventive measure [122]. In a biomechanical point of 
view, malalignements, especially hyperpronation, and a leg 
length discrepancy of 5 mm is correlated with Achilles ten-
don disorders and should therefore be correct with orthotic 
insoles [35, 37]. The most logical prevention measure in an 
overuse injury of the Achilles tendon is addressing and cor-
recting training errors: excessive long distance runs, frequent 
high intensive runs, running at increasing intensity or distance 
too early, frequent uphill or downhill running or training on 
uneven or hard surfaces. In track and field athletes, only a 
change in direction of running on the track can already initi-
ate symptom relief as it leads to a less monotonous, asym-
metric loading of the calf muscles and preventing muscle 
dysbalance [36]. Medication such as corticosteroids and fluo-
roquinolones should be taken with care and only if the medi-
cal indication is clear and evidence based.
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 Summary

 – Achilles tendon disorders are among the most common 
injuries in atheletes with an increasing incidence. These 
disorders are typically overuse injuries and can be 
chatecorized in acute ruptures or more chronic 
tendinopathies.

 – These disorders are clinical diagnosies based on a thor-
ough history and physical examination. Further evalua-
tion can be obtained by imaging and may be helpful in 
determining additional pathologies or in preoperative 
planning.

 – In Achilles tendinopathy, the corner stone of the treatment 
is based on conservative measures such as eccentric exer-
cises, low-energy shock wave therapy and pain relieving 

measures with additional corrections of the predisposing 
extrinsic and intrinsic risk factors.

 – The best treatment for Achilles tendon ruptures remains 
controversial. A consensus exists in athletes and active 
patients toward surgical treatment. Non-operative, open 
repair and percutaneous repair techniques have good clin-
ical results, with each type of treatment correlating with 
specific complication risks. The clinical evidence for 
early weight-bearing in both non-surgical as well as 
 surgical treatment is high and should be implemented in 
the rehabilitation program.

 – Prevention measures should focus on the intrinsic and 
extrinsic contributing risk factors attributing to Achilles 
tendon injuries, with correcting training errors and hyper-
pronation of the foot as the most important factors.
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Plantar Fasciitis in Sport
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Abstract

Plantar fasciitis is a common musculoskeletal condition among sport-active people. Careful 
history taking and appropriate clinical examination is essential to exclude other causes of 
plantar heel pain. Following a step-wise approach is recommended in plantar fasciitis treat-
ment, as it is usually self-limiting condition. Inadequate response to non-operative treat-
ment and persistence of symptoms more than 6 months may warrant surgical intervention. 
Provision of health instructions to athletes would help in prevention of plantar fasciitis. 
Athletes should watch for their training mistakes and should maintain good muscular 
strength and balance.
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 Introduction

Plantar fasciitis (PF) is a common musculoskeletal condition 
among athletic and non-athletic people. It is characterized by 
the presence of morning plantar heel pain that is located at 

the inferomedial calcaneus, increases with walking initia-
tion, disappears shortly after few steps, and goes back at the 
end of ambulation activity and at rest [1–3]. The onset of 
symptoms is usually preceded by activity change, shoe mod-
ification, weight change, or simple pedal trauma. Moreover, 
gastrocnemius-soleus contracture, tibio-talar joint stiffness 
and calcaneal spurs may be found in common with chronic 
cases that may lead to physical and financial negative conse-
quences. Numbness, nocturnal pain, and swelling are 
 occasionally  present. [4]

 Incidence

It has been reported that one-tenth of people may suffer from 
symptoms of plantar fasciitis during their lifetime [5]. 
Bilateral PF may present in less than one-third of the cases 
[4]. Moreover, such a condition is one of the common chronic 
pedal overuse injuries especially in sports that involve repeti-
tive trauma and complex motions [6, 7]. Up to authors’ 
knowledge, there is not clear reported figures showing the 
incidence rate among non-elite and elite athletes [6].
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 Etiology and Pathomechanism

It is generally agreed that PF is a result of chronic process of 
frequent micro-tearing and inflammation due to tensile over-
load at the longitudinal plantar fascia, but recently it is more 
accepted to be a result of multiple factors [4, 8]. Histologically, 
the inflammatory cells are not seen in advanced cases. Failed 
attempts of tissue healing would result in disorganised vas-
cularity along with areas of both regeneration and degrada-
tion. That also would result in additive damage at the cellular 
level [4]. The limited length of such a fascia and the tendency 
to plantar flex the ankle joint during dorsiflexion of the first 
toe could increase the loading forces on the plantar fascial 
insertion. Consequently, forefoot loading forces and time 
would increase. As a result, micro-injurymay persist and the 
process becomes chronic [9].

According to a level II prognostic study, it has been 
observed that PF is found in common with ankle dorsiflexion 
limitation as in gastrocnemius-soleus shortening, high body 
mass index, and jobs necessitating prolonged weight bearing 
(Table 21.1). Riddle et al described the association between 
PF with dorsiflexion limitation and body mass index as “dose 
dependent”[5]. Cavus deformity of foot may predispose to 
PF owing to the low flexibility of medial arch [10]. Moreover, 
longitudinal plantar arch morphology and hindfoot malalign-
ment, which were believed to be important factors in devel-
opment of PF, have been studied but conclusions were not 
decisive [2]. Some studies suggest that leg length inequality 
may predispose to development of compensatory motions 
that might increase the risk of pedal injuriesin runners [11]. 
Other studies found that competitive athletes are more liable 
to PF due to the use of spike sport-shoes and not due to grade 
of activity [10]. Overuse appears to be the likely factor in 
development of PF in sporty people [12].

When we look at PF as an overuse sport injury, there is no 
scientific agreement on how much sport exposure time that is 
considered as a risk factor for the development of such a con-
dition. In other words, several previous reports represented 
exposure time units as years or seasons that do not necessarily 
indicate the actual time [6]. In fact, such types of studiesstud-
ies may be liable to bias and inaccurate measurements [7].

 Symptoms

Patients usually report plantar-medial heel pain, typically 
after a long weight-bearing phase. PF shows also a starting 
pain after resting or in the first steps in the morning, which 
alleviates after warming-up and, however, gets worse after 
significant stress load.

 Classification

In literature, up to authors’ knowledge, there is not yet a clear 
useful classification for PF. However, it is generally agreed 
to label a patient with persistent symptoms for more than 6 
months in-spite of conservative therapy as “recalcitrant”. 
Moreover, a recent study proposed to classify PF as “inser-
tional” or “non-insertional” depending upon the ultrasonic 
picture. Such a classification may help revisit the current 
therapeutic guidelines [13].

 Diagnostics

PF is an important differential diagnosis for plantar heel 
pain. So, careful history taking, appropriate physical 
examination and investigations should aim to rule out 
other causes such as stress fracture, compression neuropa-
thies (e.g. Baxter’s nerve entrapment), infection of calca-
neus, calcaneal bursitis, systemic arthritis syndromes, 
localised osteoarthritis [14]. The classical tender point of 
PF is plantar-medial, distally of the plantar medial calca-
neal tuberosity. Comparted to it, Baxter’s nerve entrap-
ment (first branch of the lateral plantar nerve) has the 
typical tender point more proximally and medially [15]. In 
junior athletes, PF could be mistaken for apophysitis of 
calcaneus where the tender point is clear on the calcaneus 
[16]. One of the useful tests is the toes dorsiflexion test, 
which cause a stretch pain on the plantar fascia. Further 
examination shall include assessment of a possible heel 
cord contracture (with knee extension and heel varisation), 
hindfoot alignment and foot arch evaluation.

Plain radiographs are less likely to help in reaching the 
diagnosis. However, calcaneal spur may be found radio-
logically at the medial calcaneal tuberosity, anatomically 
corresponding to the origin area of the flexor digitorum 
brevis muscle and not plantar fascia (Fig. 21.1). But its 
presence may not indicate the origin of patient’s complaint 
[16]. However, presence of calcaneal spur may reflect 
chronicity of the problem and longer time needed for 
recovery [17].

Magnetic resonance imaging (MRI) can confirm PF diag-
nosis and rule other causes of plantar heel pain because of its 
significantly high sensitivity and specificity. Thickening, 

Table 21.1 Risk factors of plantar fasciitis

1. Ankle dorsiflexion limitation (e.g. gastrocnemius-soleus 
shortening)

2. High body mass index

3. Jobs necessitating prolonged weight bearing

4. Competitive sports using spike sport-shoes

5. Overuse

6. Cavus foot (not fully proved)

7. Flatfoot (not fully proved)

8. Limb length discrepancy in athletes
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partial tears and edema of the fascia are characteristic MRI 
changes in PF (Fig. 21.2) [4].

Bone scan (Technetium-99) or single photon emission 
computerised tomography (SPECT-CT) may help to differ-
entiate PF from calcaneal stress fracture (Fig. 21.3) [4, 18]. 
It may show localised high uptake over the medial calcaneal 
surface in case of PF but non-localized with higher intensity 
in calcaneal stress fracture. Bone scan is less specific than 
MRI [4].

Ultrasound is a very useful and promising modality of 
imaging. It is a fast tool to confirm the diagnosis and not 
painful. It can be used for follow-up and monitoring the 
improvement after initiation of therapy. However, it is 
operator- dependent. The presence of hypoechoic foci and 
discontinuity of fascial bundles are characteristic ultrasonic 
changes for PF [4].

Laboratory workup should be considered in bilateral 
cases, in case of failed non-operative therapy and if a sys-
temic disease is suspected. Moreover, advanced neurological 
assessment has to be kept in mind in the presence of signifi-
cant neurological findings [4, 17].

 Therapy

PF is well known to be usually a self- limited condition that 
may resolve within 12 months. So, efforts should be directed 
towards a simple, a safe and low-cost way of treatment [8]. 
In-spite of use of different combination of treatments, about 
one tenth of cases may fail to respond to conservative treat-
ment [4]. In fact, there is not enough studies to support 
superiority of one modality of treatment over others 
(Table 21.2).

For plantar heel pain management, the first level of treat-
ment would include the use of non-steroidal anti-inflamma-
tory drugs (NASAIDs), specific physical exercises, foot 
insoles, night splints, and patient’s instructions to lose 
weight, restrict some activities, and not to use flat shoes or 
walk barefoot [17].

According to a randomized clinical study, it has been sug-
gested that the use of NSAIDs in the non-operative protocol 
might help decrease suffering of patients in terms of good 
pain relief and better function [19].

Because of the negative impact of heel cord tightness on 
the plantar fascia through windlass phenomenon and through 
increasing forefoot loading, heel cord-specific stretching 
exercises have been recommended [9]. However, those exer-
cises are not unique for recreating windlass phenomenon and 
are usually done after the initiation of walking. In other 

Fig. 21.1 Conventional X-ray. Lateral view in a 51-year-old female 
which shows a calcaneal spur

Fig. 21.2 MRI diagnostics. Sagittal PD fs image in a 52-year-old 
female that demostrates calcaneal spur, ill-defined calcaneal bone mar-
row edema, diffuse soft-tissue edema superficial to origin of plantar 
fascia, and hyperintense signal within plantar fascia close to its origin
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words, according to a level I randomised controlled trial, it is 
recommended to do plantar fascia-specific stretching maneu-
vers before initiation of walking in the morning in order to 
help inhibit the process of inflammation and micro tearing 
[20]. Moreover, those specific maneuvers are so advanta-
geous in terms of improving the compliance of patients 
because those maneuvers can be done at any time before ini-
tiation of walking and theyare not weight bearing [20].

The goal of prescribing foot insoles in PF is to lower 
stress loading on the longitudinal plantar fascia through 
hindfoot elevation and supporting the medial arch. In addi-
tion, they help in distributing and absorbing weight of the 
body over the plantar fascia attachments [8]. The aim of 
night splints is to keep the Achilles tendon and longitudinal 
fascial length in an extended position during night [17];so, 
that would give a chance for tissue healing at a good length 
and appropriate tension [12].

There is not enough high level studies to support signifi-
cantly the use of acupuncture, ice therapy, heat therapy, or 
magnetic insoles in PF. [8].

The extracorporeal shock wave therapy (ESWT) is con-
sidered after exhausting all of the previous conservative 
modalities over more than a half a year [17]. ESWT is con-
sidered to be very advantageous and a good alternative to 
the surgical options. According to recent high-level studies, 
ESWT is a safe and effective way of treatment in chronic 
PF. In addition, it has minor complications and short time to 
recovery as it is a non-invasive modality [21–23]. Moreover, 
it can be used as an outpatient treatment [22]. Consequently, 
it can help in reducing health care expenses and jeopardy of 
work- time [23]. It was proposed that patients during or after 
ESWT treatment are not in need to stop their daily life 
works or even their athletic activities [22, 23]. The effective 
and safe therapeutic protocol of radial ESWT has been 
found to be three consecutive doses (3 × 2000 impulses, 
0.16 mJ/mm2) focused on the area of maximum tenderness 
without the need for any anaesthesia [22]. In addition, 
according to level I studies, the utilization of focused ESWT 
has been found to be effective in PF treatment especially if 
given in high doses [21].

a b

Fig. 21.3 SPECT-CT diagnostics. (a) Sagittal reconstruction of CT 
scan and (b) fused colored SPECT-CT in a 53-year-old female. Note the 
calcaneal spur. The scan also demonstrates increased bone turnover at 
the origin of the plantar fascia related to a plantar fasciitis. Also, there is 

an incidental finding of degenerative changes of TMT joint. 
Abbreviations: MRI magnetic resonance imaging, SPECT-CT single 
photon emission computerised tomography, CT computerized tomogra-
phy, PD fs proton density weighted fat saturated, TMT tarso-meta-tarsal

Table 21.2 Treatment recommendation

Step-wise recommended approach for plantar fasciitis treatment Evidence: grade of recommendation [14]

First level 1. NSAIDs
2. Physiotherapy (Achilles and plantar fascia specific exercises)
3. Insoles to deload the calcaneal plantarprint and correct medical  
arch deformities

B
A
B

Second level 1. ESWT A

Third level 2. PRP injection C

Fourth level 3. Corticosteroid injection (only once) B

Fifth level 4. Temporary immobilization (cast/walker) with PWB C [17]

Sixth level 5. Surgery C

NSAIDs non-steroidal anti-inflammatory drugs, ESWT extracorporeal shock wave therapy, PRP Platelet Rich Plasma, PWB partial weight 
bearing
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Platelet Rich Plasma (PRP) injection seems to be a safer 
modality of injection than corticosteroids. It is suggested that 
PRP effect addresses the collagen catabolism and disturbed 
vascularity in chronic PF [4]. According to a recent ran-
domised blinded study, it is recommended to continue on 
specific stretching exercises after PRP injection in order to 
get the best outcome. A recent systematic review suggested 
that PRP injection may be of a superiority over a pure non-
operative therapy in the course of treatment PF [24]. 
However, further high-level studies are needed to estimate 
the appropriate candidate, timing, injection dose, local effi-
cacy and systematic impacts on the body [4, 24].

Corticosteroid injection is suggested that it modulates the 
ultrasonic picture of the disease by decreasing the thickness 
of plantar fascia and formation of hypoechoic foci. 
Corticosteroids can be administered in the form of  a single 
dose injected from medial to avoid fad pad atrophy. [14]. 
However, potentially serious complications have been docu-
mented like plantar fascia rupture [4]. Other possible com-
plications include fat pad atrophy post-procedure pain and 
calcifications of the plantar longitudinal fascia [14].

If minimal or no positive response to previous modalities, 
limb immobilization for 4–6 weeks can be considered by 
using a splint or a walker [14].

 Surgical Treatment

The necessity of surgical treatment in PF is rare (around in 
5 % of the cases). Inadequate response to non-operative treat-
ment and persistence of symptoms more than half a year may 
warrant surgical intervention [15, 17, 25]. Presence of medi-
cal comorbidities, infection, inadequate limb vascularity, 
short or deficient conservative course of treatment, non- 
compliance of patient to non-operative treatment, or unclear 
patient’s expectations are relative contraindications for sur-
gery. However, the need for nerve decompression should be 
considered in the presence of neurologic manifestations [15]. 
Plantar fascia release can be done by an open or minimally 
invasive techniques [25].

The open technique may involve debridement, extensive 
or partial release of the plantar fascia [25]. Such a technique 
offers generous view of the anatomic structures [26]. Under 
general or local anaesthesia, a transverse 3 cm skin incision is 
made over the medial side of the hindfoot. Then, careful dis-
section is carried out until the medial part of the plantar fascia 
is reached. Once the plantar fascia is identified, a transverse 
incision of about one third of the medial part is made using a 
blade or Mayo scissors. Then, irrigation and closure in layer 
is done. Such a procedure may also involve excision of calca-
neal spurs in the area of the flexor digitorum brevis origin 
[27]. Possible complications are not limited to nerve injury, 
pain syndromes, infection (superficial or deep), wound dehis-
cence, stress fracture (calcaneal or metatarsal) or iatrogenic 

flatfoot [25]. It has been suggested to limit the fascial release 
up to 40% to minimize the risk of medial arch instability, lat-
eral column pain, and consequently gait changes [25]. 
However, complete release of plantar fascia with proximal 
and distal release of tarsal tunnel is recommended in patients 
with history of partial release surgery or if plantar fascia is 
attenuated. This way may address the underlying pathologi-
cal aetiology [15].

Minimally invasive techniques are advantageous over 
open technique in terms of simplicity, cost-effectiveness, 
faster recovery, fewer complications and have a good to 
excellent outcome [25]. Intra-operatively, percutaneous 
release of medial part of the plantar fascia has to be done 
while toes are in a dorsiflexed position and confirmed by 
feeling the fall of medial band tension [27]. Moreover, 
endoscopic release is a promising alternative to open proce-
dures in PF and seems to be a safe modality [25]. 
Postoperative complications of endoscopic techniques may 
include persistent hindfoot pain, stress fractures, skin prob-
lems, entrapment of nerves and infection [28]. Moreover, 
many of relevant studies have some limitations; so, there is 
a need for further high-quality studies to ascertain the best 
procedure candidates, best portal system and timing of 
intervention [28].

Outcome studies of plantar fasciitis release in athletes are 
limited [29]. In a study by Leach et al, fourteen out fifteen 
athletes were able return to full sport activity within 9 weeks 
after they underwent open plantar fascia release followed by 
2 weeks of limb immobilisation postoperatively [30]. It is 
still believed that limb immobilization after surgery may 
play a major role in decreasing the after-surgery conse-
quences [29]. In a comparative study by Zimmerman et al, it 
has been found that patients who started immediate postop-
erative weight bearing in a cast for 2 weeks after endoscopic 
release had a shorter time to return to sports and favourable 
patient’s satisfaction [31].

 Rehabilitation and Back-to-Sports

After surgery, weight-bearing is allowed as tolerated accord-
ing to individual patient’s pain. Slight careful physiotherapy 
exercises are important to maintain the fascia release. After 2 
weeks of sports break, low-impact sports are permitted, indi-
vidually increasing to force and endurance training and high-
impact sports.

 Prevention

As any overuse injury, PF prevention in sport active people is 
recommended. Athletes should watch for training mistakes 
and not use extremes of load. Good muscular strengthening 
of lower limbs may help prevent muscular imbalance that 
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could be a factor in overuse injuries. Furthermore, full recov-
ery from any injury is advised before engaging in any com-
petitive sport [32]. An appropriate clinical assessment of 
sport-active people and providing health instructions would 
help to prevent plantar fasciitis especially in athletes who 
have a history of such a condition [33].

 Evidence

Table 21.2 shows grades of evidence in Plantar Fasciitis dif-
ferent modalities of treatment.

Literature source for evidence:

 – Martinelli N, Bonifacini C, Romeo G. Current therapeu-
tic approaches for plantar fasciitis. Orthop Res Rev. 
2014;6:33–40.

 – Thomas JL, Christensen JC, Kravitz SR, Mendicino RW, 
Schuberth JM, Vanore JV, et al. The diagnosis and treat-
ment of heel pain: a clinical practice guideline-revision 
2010. J Foot Ankle Surg: Off Publ Am Coll Foot Ankle 
Surg. 2010;49 (3 Suppl):S1–19.

 Summary

 1. Plantar fasciitis is a common musculoskeletal condition 
among sport-active people.

 2. Careful history taking and appropriate clinical examina-
tion is essential to exclude other causes of plantar heel 
pain.

 3. Following a step-wise approach is recommended in plantar 
fasciitis treatment, as it is usually self-limiting condition.

 4. Inadequate response to non-operative treatment and per-
sistence of symptoms more than 6 months may warrant 
surgical intervention

 5. Provision of health instructions to athletes would help in 
prevention of plantar fasciitis. Athletes should watch for 
their training mistakes and should maintain good muscu-
lar strength and balance.
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Exostosis (Osteochondrosis, 
Apophysites, and Haglund’s Deformity)

Abdulaziz Almaawi, Andrzej Marcin Boszczyk, 
and Timothy R. Daniels

Abstract

Osteochondroses are characterized by disorderliness of endochondral ossification in the 
growing skeleton affecting various joint developments throughout the body. This process, 
which starts in adolescence, can cause permanent bony and/or articular alterations that 
require management in the adult phase of life. Examples in the foot and ankle include 
Freiberg’s infraction, Köhler disease, sesamoid osteochondrosis, Sever’s disease and 
Iselin’s disease. Etiology, symptoms, diagnostics, non-operative management and surgical 
options are discussed. Haglund’s deformity of the posterior calcaneus is a predisposing 
factor for painful retrocalcaneal bursitis. Diagnosis relies on weight-bearing lateral radio-
graphs of the foot; numerous radiological parameters have been developed. Operative 
options include calcaneoplasty (open or arthroscopic) and calcaneal osteotomy. Most of 
these conditions can be treated non-operatively. Symptom control, immobilization, activ-
ity modification and appropriate rehabilitation can all play a role in a safe and timely 
return to sport.
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The term exostosis encompasses any benign formation of 
new bone or cartilaginous tissue on the surface of a bone, usu-
ally due to the formation of excess calcium. An exostosis can 
cause chronic pain, from mild to severely debilitating, 
depending on its shape, size, and location. This chapter will 
discuss three types of exostoses that commonly affect the 
foot: (A) osteochondroses, (B) apophysites, and (C) Haglund’s 
deformity.

 Osteochondroses

Osteochondrosis is a group of conditions characterized by 
disorderliness of endochondral ossification, including both 
osteogenesis and chondrogenesis, in the growing skeleton 
[1]. The clinical presentation of osteochondrosis can vary, 
depending on the anatomic location and whether it occurs 
in the epiphysis or apophysis. Significant morbidity can 
result from involvement of weight-bearing areas and joints 
in the foot.

Overuse injuries occur in the growing skeleton, mainly 
during growth spurts or with intense athletic participation. 
Among athletic injuries, the foot is the third most common 
cause of time lost in sport, with the ankle and knee being 
more common [2].

Osteochondroses of the foot include a wide range of 
pathologies affecting cartilage growth in joints, physeal 
lines, and tendon and ligament attachments. Specific exam-
ples include Freiberg’s infraction (epiphyseal osteonecrosis 
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of the second metatarsal), Köhler disease (osteonecrosis of 
the tarsal navicular bone), sesamoid osteochondrosis, Sever’s 
disease (apophysitis of calcaneus), and Iselin’s disease 
(apophysitis of the tuberosity of the fifth metatarsal bone).

Etiology and Pathomechanism
The exact etiology of osteochondroses is unknown. Repetitive 
trauma, vascular abnormalities, mechanical factors, and hor-
monal imbalances may all play a role. Acute or chronic 
repetitive trauma is the most commonly accepted theory [3]. 
Impairment of the blood flow in an area of skeletal growth is 
thought to also be a contributing factor. These disorders 
result from abnormal growth, injury, or overuse of the devel-
oping growth plate and surrounding ossification centres [4].

Osteochondrosis initially starts with necrosis of bone and 
cartilage, followed by revascularization, reorganization with 
granulation tissue formation and invasion, osteoclast reab-
sorption of necrotic segments, and finally osteoid replace-
ment and formation of mature lamellar bone. During growth, 
there are rapid changes in the musculoskeletal system, and 
weight-bearing areas in the foot can be affected greatly by 
acute and repetitive stress injuries. Additionally, abnormali-
ties in the bone and cartilage that may remain asymptomatic 
and undiagnosed in inactive children can become symptom-
atic with activities and sports as increased stress is placed on 
the bone or joint [2].

Classification
A classification system for osteochondroses described by 
R. S. Siffert is intended to focus on anatomic and clinical 
parameters [1]. The classification of the osteochondroses 
presented includes three fundamental areas of disorderly 
endochondral ossification: the articular epiphysis, the nonar-
ticular epiphysis, and the physeal epiphysis. Articular osteo-
chondroses are either primary, involving articular and 
epiphyseal cartilage and adjacent endochondral ossifications 
(e.g., humeral condylosis, Freiberg’s disease, also known as 
Freiberg’s infraction), or secondary as a consequence of 
avascular necrosis of subchondral bone (e.g., Kohler’s dis-
ease, osteochondritis dissecans). Nonarticular osteochondro-
ses occur at tendon attachments (Iselin’s disease), ligament 
attachments (e.g., vertebral ring, epicondyles), or impact 
sites (e.g., Sever’s Disease). The third type includes physeal 
osteochondroses in long bones (e.g., tibia vara), and verte-
brae (Scheuermann’s Disease).

 Freiberg’s Infraction

Osteochondrosis of the lesser metatarsal heads most com-
monly involves the second (68 %) or third (27 %) and fourth 

(5 %) metatarsal heads [5]. It is uncommon in the fifth meta-
tarsal head. This condition was first described by Freiberg in 
1914 in patients who presented with pain over the second 
metatarsal during activity.

Etiology and Pathomechanism
There is debate in the literature as to the true etiology of 
the disease. Suggested etiologies include osteonecrosis of 
the metatarsal head, acute or repetitive trauma, stress 
overloading, and avascular necrosis following acute 
trauma [2, 6].

Freiberg’s infraction is most prevalent in athletic adoles-
cents, with predominance in females at a ratio of 5:1. The 
symptoms are often in the forefoot and centered at the joint 
involved. The pain is exacerbated by activity and weight- 
bearing and is described as metatarsalgia. There is often 
swelling around the involved joint and tenderness, which is 
exacerbated by range of motion of the joint, at the toe and 
surrounding tissue.

Symptoms
The initial presentation is generally temporary and self- 
limiting, but can often return due to exacerbation by 
trauma, change in shoe wear or increased activity. Plain 
radiographs in early stages are normal, but MRI will dem-
onstrate hypo- intensity of the second metatarsal head. As 
soon as 7 months later, radiographs will reveal progres-
sion with a flattened, condensed, fragmented metatarsal 
head [7, 8].

Diagnostics, Classification
Smillie has classified Freiberg’s infraction into five stages 
depending on metatarsal head degeneration [9]. In stage 1, 
there is a fissure in the epiphysis, with sclerosis between 
cancellous surfaces. In stage 2, there is absorption of cancel-
lous bone on the proximal side, with sinking of the articular 
cartilage dorsally. Further absorption and sinking of the 
articular surface with bony projections medially and later-
ally represent stage 3, with exostoses on the dorsal proximal 
metatarsal head. In stage 4, the articular surface is sunken so 
far that restoration of normal anatomy is not possible, and 
there are associated fractures of the medial and lateral pro-
jections. Stage 5 includes arthrosis with flattening and 
deformity of the metatarsal head with intact plantar 
cartilage.

Therapy
Non-operative management is rooted in decreasing foot 
pressure and unloading the affected metatarsal. Smillie 
reports that spontaneous healing may occur at any stage, 
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and restoration of a normal metatarsal head may be pos-
sible in stages 1–3. A short period of immobilization for 
6–12 weeks is often indicated for symptom and pain con-
trol. Metatarsal padding and stiff-soled shoes can help 
decrease the stress on the affected metatarsal head. After 
symptomatic relief, patients can gradually return to 
weight-bearing activities. In general, reossification 
and signs of radiographic healing take between 2 and 3 
years [2].

Surgical procedures available to treat Freiberg’s disease 
can be divided into two categories. The first comprises 
procedures to correct abnormal biomechanics that can 
worsen the clinical course, such as corrective metatarsal 
osteotomy and core decompression. The second category 
comprises procedures that restore articular congruity in 
the later stages of the disease, including debridement, 
osteotomy, grafting and older procedures such as metatar-
sal head excision and arthroplasty that have fallen out of 
favor due to complications. The ideal method to treat late 
stage Freiberg’s disease remains an unanswered question 
for surgeons. Dorsal wedge osteotomy is the most com-
mon surgical option for late stage disease. It involves 
excising the area of damaged articular cartilage by per-
forming a closing wedge osteotomy while rotating the 
lower aspect of the metatarsal head dorsally. This allows 
the intact plantar cartilage to articulate with the proximal 
phalanx [6, 10–12].

Rehabilitation and Back-to-Sports
Rehabilitation following surgical management of Freiberg’s 
infraction involves a period of weight-bearing in a protective 
shoe or boot. If an osteotomy has been performed and stabi-
lized by a percutaneous pin, this is removed at approximately 
the fourth postoperative week. If internal fixation has been 
used, the patient is protected from forced dorsiflexion at the 
metatarsophalangeal joint for approximately 4 weeks. Then 
the patient gradually begins to wear a supportive shoe and 
begins gentle passive/active dorsi- and plantarflexion move-
ments. Activities such as running or jumping are restricted 
for 12–14 weeks.

Prevention
No evidence-based preventative measures have been 
identified.

Evidence
All available evidence on Freiberg’s infraction is level III to 
level V. No information on the natural history of the disease 
exists, and clinical series reporting on the surgical outcomes 
are short in follow-up.

Summary

 1. The etiology of Freiberg’s infraction is unknown.
 2. The natural history of Freiberg’s infraction has not been 

determined.
 3. Surgical management is based on the Smillie’s radio-

graphic classification.
 4. Surgical procedures that salvage the metatarsal head are 

preferred.

 Kohler’s Disease

Kohler’s disease is an osteochondrosis of the navicular. It 
most commonly affects children between the ages of 4 and 9 
years, with a higher prevalence in boys. It presents as mid-
foot pain with an antalgic gait. Symptoms increase with 
weight-bearing and activity, and the child often favors walk-
ing on the lateral aspect of the affected foot. Differential 
diagnoses include os navicularis (accessory navicular) and 
stress fracture of the navicular [13].

Plain radiographs can reveal sclerosis and flattening of the 
navicular. Radiographs can help to differentiate Kohler’s dis-
ease from acute or stress navicular fractures. Although 
Kohler’s can rarely present bilaterally, contralateral radio-
graphs are useful for comparison.

Treatment is always conservative and includes rest, ice, and 
analgesics with immobilization in a short leg-walking cast for 
4–6 weeks [2]. Duration of symptoms is shorter in patients 
treated in a cast compared to those treated with an arch support.

The majority of cases resolve without long-term sequelae. 
Subsequent radiographs reveal reorganization of the tarsal 
navicular, with a small percentage of cases resulting in 
chronic deformation of the bone after healing, which is most 
often asymptomatic.

 Osteochondrosis of the Sesamoids

Hallucal sesamoids are intratendinous ossicles that serve as 
insertion sites for the two muscle bellies of the flexor hallicus 
brevis plantar to the first metatarsal joint. The intersesamoid 
ligament and the plantar plate link the sesamoids together. 
The sesamoids’ function is to dissipate weight-bearing pres-
sure and act as a fulcrum to increase the mechanical force of 
the flexor halluces brevis tendon. The tibial sesamoid is 
bipartite in 10 % of the population, whereas the fibular sesa-
moid is rarely bipartite [14].

Although trauma is probably the most frequent cause, 
osteonecrosis with subsequent regeneration and excessive 
calcification may be present. Osteochondrosis of the medial 
sesamoid is more common and more frequent in women, 
especially between the ages of 18–25 years. Symptoms 
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 consist of persistent localized pain and tenderness under the 
involved sesamoid [15, 16].

Axial radiograph or CT scan will show an enlarged or 
deformed sesamoid with irregular areas of increased bone den-
sity and fragmentation. Osteochondroses are usually unrespon-
sive to conservative treatment, but all treatment modalities 
should be exhausted before a surgical option is considered.

Surgery includes total sesamoidectomy. Alternatively, 
two-thirds of either sesamoid can be removed without dis-
turbing the ligamentous attachments; this may relieve pain 
while avoiding total sesamoidectomy. The surgical approach 
depends on which sesamoid is to be resected. For tibial sesa-
moidectomy, plantar medial incision can be used. The fibular 
sesamoid can be approached through a dorsal or plantar inci-
sion. The dorsal approach is technically demanding because 
of the depth of the sesamoids; however, with the plantar 
approach, the proximity of the neurovascular bundle to the 
first web space and the presence of the flexor halluces longus 
tendon between the sesamoids make excision difficult [14].

 Apophysites

Apophysites are a subset of osteochondroses occurring at the 
bony attachment sites of musculotendinous units. An apoph-
ysis develops as an accessory ossification center and is evi-
dent on plain radiographs. Irritation at this attachment site 
and protuberance are representative of apophysitis.

 Sever’s Disease

Osteochondrosis of the posterior calcaneal apophysis is an 
injury commonly found in adolescent athletes. Incidence 
rates vary from 2 to 16 %. Symptoms present at the age of 
11–15 years in boys and 8–13 years in girls [17, 18].

Apophysites are associated with increased tension or short-
ness of the Achilles tendon in the rapidly growing adolescent. 
This soft tissue change may have the potential to place an 
interim strain or traction on the apophysis at its insertion [19].

Diagnosis is by history and clinical examination. The 
physical activity reported to produce the highest levels of 
pain is frequent running and jumping [18]. Radiographs are 
not diagnostic, but can be used to rule out other causes of 
heel pain in children such as a calcaneal bone cyst, osteoid 
osteoma or tarsal coalition [20].

Conservative treatment is the only option, including ice, 
restriction of sports, stretching and eccentric strengthening 
exercises [21]. The available evidence indicates orthotics with 
a brim (heel cup) and medial arch support were more effective 
in reducing pain in sporting activities compared to heel raises 
or no treatment (Level 2 evidence). There was also support for 
heel raises reducing pain in sporting activities compared to no 

treatment (Level 2 evidence). Taping also appeared to have 
some immediate pain relief benefit (Level 3 evidence) [19].

 Iselin’s Disease

Iselin’s disease refers to traction apophysitis of the tuberosity 
of the fifth metatarsal bone. The differential diagnosis 
includes avulsion fracture of the fifth metatarsal base, Jones 
fracture, metatarsal stress fracture, and os vesalianum pedis. 
The etiology is proposed to be an overuse injury caused by 
repetitive microtrauma and traction of tendons inserted to the 
base of the fifth metatarsal, namely peroneus brevis and per-
oneus tertius tendons. It occurs during periods of rapid 
growth and is more common in children involved in sports. 
The timing of ossification varies, with the mean appearance 
between the ages of 12 and 13 years, but it can be seen as 
early as 10 years in boys and 8 years in girls. Fusion is usu-
ally complete by 17–18 years [22].

Iselin’s disease can present with lateral foot pain with 
weight-bearing and swelling at the base of the fifth metatar-
sal. On physical exam, tenderness is noted at the enlarged 
fifth metatarsal base, which can rub on shoe wear. Discomfort 
is reproduced with stressed plantar flexion and inversion. 
Plain radiographs show an enlarged apophysis compared 
with the opposite side, with irregular ossification and slight 
separation of the chondro-osseous junction [23].

Treatment includes immobilization in a short-leg walking 
cast or boot for 2 weeks. Repeat examination and x-rays fol-
low this brief period of immobilization. If there are no radio-
graphic signs of acute fracture (avulsion) and the patient is 
symptom free, immobilization can be discontinued; how-
ever, most patients require an average of 4 weeks of immobi-
lization for acute symptom control, followed by progressive 
mobilization. A gradual progression of activity should be 
guided by the lack of pain and limping. An exercise program 
for acute ankle sprains can be used with emphasis on 
strengthening, stretching and proprioception. Iselin’s disease 
may last several months to years, but it always resolves when 
ossification is complete [2].

 Haglund’s Deformity

Haglund’s deformity can be defined as a painful conflict 
between the back of the shoe and the posterosuperior margin 
of the calcaneus. The terminology related to this entity is, 
however, highly inconsistent. According to van Dijk, the 
term Haglund syndrome was coined by Pavlov in 1982 [24]. 
Other names followed: Haglund’s syndrome, achillobursitis, 
achillodynia, retrocalcaneal bursitis and Haglund’s disease, 
the last name being the most confusing as it has been already 
attributed to osteochondrosis of the accessory navicular bone 
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[24]. Popular names for this condition include: pump bump 
(from recurrent friction encountered from women’s dress 
shoes), winter heel, knobby heel, calcaneal altus, highbrow 
heels and cucumber heel [25].

According to the terminology proposed by van Dijk et al., 
all previously mentioned definitions fall into the category of 
retrocalcaneal bursitis. The authors proposed abandoning 
previously used names [24]. In this chapter, however, we will 
use the term Haglund’s deformity, as it emphasizes calcaneal 
abnormality as a focal point of the problem.

Etiology and Pathomechanism
The pain in Haglund’s deformity is generated by inflamma-
tion of the bursa separating the tendon and the posterior cal-
caneal wall – retrocalcaneal bursitis–and accompanying 
Achilles tendon lesion or tendinopathy. This is brought about 
by mechanical conflict between the Achilles tendon and the 
posterosuperior heel. Patrick Haglund correlated painful 
heel deformity with wearing constricting shoes, and this eti-
ology certainly remains relevant. Often the conflict is aggra-
vated by sports requiring repeated bouts of ankle dorsiflexion, 
for example running uphill [26]. The pathology of Haglund’s 
deformity is therefore clearly different from other conditions 
of the Achilles tendon. The distinction, however, between 
Haglund’s deformity and insertional tendinitis is not very 
clear, as the two often coexist.

Bony predisposition to Haglund’s deformity can be viewed 
as a variation in calcaneal shape (i.e., enlargement of the pos-
terosuperior corner of the calcaneus) or calcaneal position 
(i.e., high calcaneal pitch). It appears that the normally shaped 
calcaneus can be symptomatic when it is positioned verti-
cally, and the abnormally shaped calcaneus can remain 
asymptomatic by virtue of a horizontal position [27, 28]. 
Consequently, it has been difficult to develop universal radio-
logical parameters for Haglund’s deformity. A great propor-
tion of patients with pain consistent with Haglund’s deformity 
do not meet the radiological criteria for this condition.

Symptoms
Haglund’s deformity is characterized by a posterior heel pain 
aggravated by walking and sports. Women are more fre-
quently affected, and the condition is aggravated by shoe 
wear. Typical symptoms include skin irritation, local ery-
threma and swelling. Pain is located on the superior eminence 
of the calcaneus, lateral to the Achilles tendon [29]. Patients 
with painful calcaneal eminence are younger (in the range of 
15–30 years of age) than patients with insertional tendinitis.

Diagnostics, Classification
The cornerstone of diagnosis remains weight-bearing lateral 
radiographs of the foot. Several radiographic parameters are 

available to quantify Haglund’s deformity. The two parame-
ters with the highest sensitivity are parallel pitch lines (63 % 
sensitivity) (Fig. 22.1A) and Chaveaux-Liet angle (73 %) 
(Fig. 22.1B) [27]. Calcaneal pitch angle (Fig. 22.1C) is 
important for the identification of patients potentially requir-
ing osteotomy. Other parameters, less useful for clinical 
decision making, include Philip and Fowler angle 
(Fig. 22.1D), total angle of Ruch (Fig. 22.1E), Steffensen 
and Evensen angle (Fig. 22.1 F), Dijan angle (Fig. G), and 
Denis and Huber-Levernieux test (Fig. 22.1H) [25, 27, 30]. 
In many clinical situations, however, the patient is symptom-
atic, but the radiographic parameters are within normal 
ranges [25, 27].

The parallel pitch lines of Henegan and Pavlov consist of 
two lines (Fig. 22.1A). The first line is defined by the inferior 
margin of the calcaneocuboid joint and plantar part of the 
calcaneal tuberosity. The second line, parallel to the first, is 
constructed through the posterior lip of the talar articular sur-
face [27]. If the posterosuperior edge of the calcaneus 
remains below the second line, then the parallel pitch line is 
negative. If it protrudes above this line, then the parallel pitch 
line is positive, and this parameter reflects the height of the 
calcaneal prominence.

The Chaveaux-Liet angle is calculated as the difference 
between two angles, α and β. The α angle is consistent 
with the calcaneal pitch angle (described below). The β 
angle is formed by a vertical line and the line defined by 
the most posterior part of the calcaneal tuberosity and the 
posterosuperior corner of the calcaneus. The normal value 
of the the Chaveaux-Liet angle is less than 12°. A 
Chaveaux-Liet angle greater than 18° is considered a 
strong indication for operative treatment. The strength of 
this measurement is that it takes into account the position 
of the calcaneus and the shape of the posterior wall, thus 
reflecting both abnormal posterior morphology and abnor-
mal inclination of the calcaneus [27, 29]. The Chauveaux-
Liet angle is also significantly elevated in patients with 
insertional tendinitis, which may reflect a partial concur-
rence of these pathologies [29].

The calcaneal pitch angle (Fig. 22.1C) is the angle 
between the line defined by the inferior margin of the calca-
neocuboid joint and the plantar part of the calcaneal tuberos-
ity and a horizontal line. Normal values range from ten to 
30°, with a more narrowly defined norm of 15–17° [27]. This 
angle takes into account the position of the calcaneus.

Retrocalcaneal bursitis can be detected with a simple 
parameter developed by van Sterkenburg et al. [31]. They 
observed that obliteration of the retrocalcaneal recess in lat-
eral weight-bearing radiographs represented retrocalcaneal 
bursitis with 80 % sensitivity and 98–100 % specificity.

Other modalities, while not necessary for the diagnosis of 
Haglund deformity, can be used to confirm the diagnosis and 
rule out coexisting insertional Achilles tendinopathy 
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(Fig. 22.2). Ultrasound can detect retrocalcaneal bursitis [32] 
and reveal deformity of the bony shape [24]. Marrow edema 
in the posterior superior calcaneal eminence, evident by 
magnetic resonance imaging, is seen almost exclusively in 
symptomatic patients [29, 33].

Therapy

Conservative treatment commences with activity and shoe 
wear modification (i.e., backless shoes) [34, 35]. The latter is 
especially important given the shoe-related nature of the 
condition. In runners, reduction in mileage and avoiding 
workouts on hills can be helpful [26]. The use of heel lifts 
and topical and/or oral anti-inflammatory agents is advised. 
The use of corticosteroid injection is controversial and brings 

about the risk of tendon rupture. Physiotherapy, particularly 
with stretching and eccentric-loading exercises, is recom-
mended [36–39].

Operative treatment is indicated in patients who do not 
respond to 3–6 months of conservative therapy [34]. First- 
line operative treatment consists of posterior bump removal 
(calcaneoplasty) with bursectomy. If indicated, Achilles ten-
don debridement and reconstruction, as well as repair of a 
longitudinal tear or re-insertion to the calcaneus, should be 
performed. As a second line of treatment, calcaneal osteot-
omy (vertical or closing wedge) may be considered. The 
optimal indication for calcaneoplasty is pure Haglund’s 
deformity without insertional tendinopathy and with normal 
calcaneal pitch angle. The calcaneoplasty can be performed 
as open surgery or arthroscopically.

a

c d e
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Fig. 22.1 Radiographic parameters for assessing Haglund’s deformity: 
(a) Henegan and Pavlov parallel pitch lines, (b) Chaveaux-Liet angle, 
(c) calcaneal pitch angle, (d) Philip and Fowler angle, (e) total angle of 

Ruch, (f) Steffensen and Evensen angle, (g) Dijan angle, (h) Denis and 
Huber-Levernieux test
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The available evidence for calcaneoplasty is mainly level 
IV studies, with one level III study [40] supporting the open 
intervention and one level II study [41] supporting the 
arthroscopic intervention.

Open calcaneoplasty is the standard surgery for symp-
tomatic Haglund exostosis. The open surgery can be per-
formed with good results using a medial [26], lateral [42], or 
central tendon-splitting approach [40, 43, 44]. The key to 
successful calcaneoplasty is removal of sufficient bone to 
prevent tendon impingement [42, 45, 46]. The drawback of 
open calcaneoplasty is the potential for skin breakdown and 
is thus contraindicated in patients with a compromised soft 
tissue envelope. With either a lateral or medial approach, 
there is a risk of under-resection on the opposite side of the 
calcaneus. Therefore a medial skin incision with a central 

tendon-split approach provides the best overview and allows 
debridement of the Achilles tendon mucoid degeneration 
and solid reconstruction of the tendon by suturing or re-
insertion to the calcaneus with anchors. Surgery is performed 
prone, and skin incisions are performed directly down to the 
paratenon without dissecting the skin. Once the central split 
of the tendon is complete, the posterior part of the calcaneus 
is removed. All degenerated tendon must be removed. If 
more than 50 % of the insertion is compromised, re-insertion 
with anchors is necessary (Fig. 22.3).

The postoperative protocol for when only calcaneoplasty 
is performed, or with suturing of longitudinal Achilles ten-
don tears, begins with full weight-bearing in an Aircast 
walker with 30° plantar flexion for 2 weeks, then 20° plantar 
flexion for 2 weeks. Physiotherapy is initiated with lym-
phatic drain massage, then slight range of motion exercises 
are introduced, with strengthening after boot removal, i.e. at 
week seven. Following calcaneoplasty combined with 
Achilles tendon reattachment (anchors), the postoperative 
protocol begins with full weight-bearing in an Aircast walker 
with 30° plantar flexion for 2 weeks, then 20° plantar flexion 
for 2 weeks, and then 10° plantar flexion 2 weeks. 
Physiotherapy follows the same protocol: initiated with lym-
phatic drainage, slight range of motion exercises, and 
strengthening after boot removal.

In 2001, van Dijk reported on a group of 21 patients with 
Haglund’s deformity treated by arthroscopic calcaneoplasty 
[46]. All patients met the radiographic criteria for Philip- 
Fowler angle and parallel pitch lines for Haglund’s deformity. 
No complications were observed, and 19 patients had good 
and excellent results. The authors underscored the necessity 
of removing sufficient bone from the posterior calcaneus to 
achieve favorable results [46]. Their results were confirmed 
in 33 heels by Leitze et al. [41]. In 2007, Ortmann et al. 
reported on a prospective study of 30 heels that  underwent 
three-portal arthroscopic calcaneoplasty [35]. They observed 
29 good and excellent results, with one major complication, 
an Achilles tendon rupture that was primarily repaired with a 

Fig. 22.2 A 47 year-old patient, 10 months after arthoscopic calcaneo-
plasty. No improvement was observed and magnetic resonance imaging 
shows Achilles tendinopathy as a source of refractory symptoms

a b c

Fig. 22.3 Open calcaneoplasty. A 49-year-old female with symptom-
atic Haglund exostosis and Achilles tendinopathy with tendon-split 
lesion. Conservative treatment was not successful. (a). Magnetic reso-

nance image, (b). intraoperative photograph, (c). intraoperative radio-
graph after exostosis removal (Courtesy of V. Valderrabano)
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good result. Return to weight-bearing was at a mean of 4 
weeks, and return to sports was on average at 12 weeks.

Arthroscopic calcaneoplasties have shown good results. 
However, they are more technically demanding, and the 
good results reported by experienced arthroscopists may not 
be easily transferable to casual arthroscopists. In a cadaver 
study comparing open and arthroscopic resection, the 
remaining rim of bone was found to be smaller after open 
resection [45].

Arthroscopic calcaneoplasty is indicated in patients with 
pain related to retrocalcaneal bursitis. Pathology of the 
Achilles tendon itself is a relative contraindication for athro-
scopic treatment, as it needs to be properly addressed for a 
favourable outcome. Two portals, located medial and lateral 
to the Achilles tendon, are used, and the bursa, synovitis and 
posterior part of the calcaneus are removed [47]. As the ten-
don is not affected, the postoperative regimen allows weight- 
bearing, shoe choice and sports resumption as tolerated.

Calcaneal osteotomy for Haglund’s deformity has several 
theoretical advantages over calcaneoplasty. The Achilles 
insertion is spared from scarring, and the healing potential of 
the bone is greater than at the tendon insertion. It is also pos-
sible to globally reshape the posterior part of the calcaneus 
[48]. In North America, the Keck and Kelly osteotomy is 
more popular, whereas in Europe the osteotomy designed by 
Zadek is generally used. Apart from being more invasive 
than calcaneoplasty, the osteotomy techniques share the dis-
advantage of changing the biomechanics of Achilles pull. 
The lowered lever arm may lead to increased work of the 
Achilles and increased symptoms postoperatively. There is 

scarce literature regarding calcaneal osteotomy, and all avail-
able evidence is Level IV.

Keck and Kelly proposed a closing wedge vertical calca-
neal osteotomy in 1965 [49]. The best indication for this pro-
cedure is posterosuperior calcaneal prominence combined 
with elevated pitch angle in cases with and without inser-
tional tendinopathy. After meticulous templating, surgery is 
performed with a lateral approach. A proximally based 
wedge with the plantar apex anterior to the Achilles insertion 
is removed (Fig. 22.4). The osteotomy is then closed and sta-
bilized. The osteotomy exits the calcaneal tubercle dorsally 
to the weight-bearing part of the calcaneal tubercle and plan-
tar aponeurosis insertion, such that no plantar structures are 
affected. The osteotomy tilts the posterior prominence of the 
heel anteriorly and slightly elevates the insertion of the 
Achilles tendon [48]. This addresses both the posterior 
prominence and the gastrocnemius tightness that is often 
observed in these patients. Postoperatively, 6 weeks of a non-
weight-bearing regimen with removable cast is instituted. 
The original series reported by Keck and Kelly consisted of 
five heels in four patients. They observed one good, two fair 
and one poor result [49]. Miller and Vogel reported good 
results using the same technique in 18 heels [50].

The calcaneal osteotomy developed by Zadek in 1934 is a 
closing wedge osteotomy located anteriorly to the Achilles 
tendon insertion and anteriorly to the insertion of the plantar 
fascia (Fig. 22.4). It offers the advantage of being less techni-
cally demanding than the Keck and Kelly closing wedge oste-
otomy, at the cost of affecting plantar structures. Indications 
include insertional tendinosis, Haglund’s deformity and retro-
calcaneal bursitis. Using a lateral or medial approach, the 
proximally based wedge is removed, and the osteotomy is sta-
bilised with staples. Postoperative treatment requires casting 
and a non-weight-bearing regimen. Good results have been 
reported with the Zadek osteotomy by Kelsall et al. in 23 cases 
[51], Taylor in 8 cases [52], and Maynou et al. in patients after 
failed calcaneoplasty [53]. Disadvantages of this procedure 
are the prolonged recovery time compared to simple calcaneo-
plasty and its influence on the Achilles tendon lever arm.

Rehabilitation and Back-to-Sports
Fast recovery following calcaneoplasty with sport resump-
tion after an average of 12 weeks has been reported [35]. 
However, patients should be informed of possible lengthy 
recovery times. In slowly progressing cases, especially those 
with coexisting insertional tendinitis, recovery can take 
between 6 months and 2 years [54].

Prevention
As the major causative factor of Haglund’s deformity is 
constricting shoes, a suitable choice of shoe wear can be 

Fig. 22.4 The difference between Keck and Kelly (gray) and Zadek 
(orange) osteotomy
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viewed as a preventive measure. Stretching of the 
gastrocnemius- soleus complex is crucial to avoid Achilles 
contracture and excessive pressure on the calcaneal process 
[38, 39].

Summary

 1. Haglund’s deformity of the posterior calcaneus is a pre-
disposing factor for painful retrocalcaneal bursitis.

 2. Numerous radiological parameters have been developed. 
Paralell pitch lines, Chaveaux-Liet angle and obliteration 
of retrocalcaneal space are most useful.

 3. Operative options include calcaneoplasty (open or 
arthroscopic) and calcaneal osteotomy. Simple exostosis 
is well adressed with calcaneoplasty, while a vertically 
aligned calcaneus requires osteotomy.

 4. In calcaneoplasty (open or arthroscopic), a key to success 
is sufficient removal of bony impingement. For success-
ful calcaneal osteotomy, patient selection is critical.

 5. For a good operative outcome, it is crucial to recognize 
and address coexisting insertional Achilles tendinitis.

 Conclusions

Clinicians should be familiar with conditions that affect 
the developing skeleton. These conditions, while fre-
quently asymptomatic, can be exacerbated by increased 
physical activity. Diagnosis is usually made by a clinical 
picture of inflammation and radiographic evidence of 
fragmentation, osteonecrosis and joint collapse. Most of 
these conditions can be treated non-operatively. Symptom 
control, immobilization, activity modification, and appro-
priate rehabilitation can all play a role in a safe and timely 
return to sport.
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Posterior Tibial Tendon Lesions 
and Insufficiency
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Abstract

The rate of occurrence of Posterior Tibial Tendon (PTT) injuries and insufficiency in sports 
is not yet clear based on the available literature. However, literature review may point to a 
link between some sports with specific lesions such as PTT dislocation, PTT tear, and PTT 
Insufficiency (PTTI) stage I or II. High index of suspicion is needed to diagnose and treat 
those lesions to prevent their progression to advanced stages.
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 Acute PTT Injuries

 Introduction

Posterior Tibial Tendon (PTT) is a vital structure that highly 
contributes to the dynamic and passive stability of medial 
aspect of the ankle joint and hindfoot [1]. PTT muscle origi-
nates from the lower part of the deep posterior crural com-
partment. Just 6 cm above the medial malleolus, PTT is 

covered by a synovial sheath for 7–9 cm which continues 
distally towards its navicular insertion [1]. Acute injury to 
PTT could result from direct or indirect trauma during ath-
letic activities. Such a trauma my lead to partial or complete 
rupture of the tendon. PTT could dislocate and also may 
become incarcerated in the ankle or distal tibiofibular space 
preventing successful closed reduction of associated bony 
injury [2, 3].

 Incidence

No clear consensus found in literature about incidence rate 
of acute PTT injuries in population [1]. It has been reported 
that 58.5 % of initial PTT dislocations were triggered by an 
athletic activity [4]. PTT dislocations were reported in com-
mon with some sport activities (Table 23.1) [1, 5–9]. Deland 
and Hamilton reported five cases with partial PTT tendon 
tears in dancers [6].

 Aetiology and Pathomechanism

Lacerations of PTT may follow some sport activities such as 
ice skating (with high-speed), which may be associated with 
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traumatic lesions of adjacent bony or soft tissue structures 
[1]. Acute ruptures may accompany ankle fractures resulting 
from pronation-external rotation (PER) pedal injury, and to a 
less extent from direct ankle trauma [10, 11]. Spontaneous 
ruptures may occur in elderly; obese patients; in patients 
with co-morbid disorders such as diabetes mellitus (DM), 
hypertension, or rheumatoid arthritis; or in patients on corti-
costeroid therapy [11]. However, they also may occur in ath-
letes after a corticosteroid injection, typically happening 
later on with an eversion trauma.

Acute PTT dislocation is believed to be, commonly, a 
result of excessive dorsiflexion or plantar flexion of the tibio- 
talar joint in an inverted foot with simultaneous PTT contrac-
tion [12]. Depending on several case series, factors that 
predispose to dislocation include flexor retinaculum incom-
petency due to tear, avulsion, laxity, or the elevation over a 
“retinacular-periosteal sleeve”. Other factors include shal-
lowness of the retro-malleolar groove, hypoplasia of the mal-
leolar sulcus, or as a consequence of repetitive corticosteroid 
injection, tarsal tunnel surgical decompression, or old medial 
malleolar injury [5, 13, 14].

In cases of ankle joint fracture dislocation, PTT might 
dislocate and get entrapped into the joint or in the distal tib-
iofibular syndesmotic space preventing anatomical closed 
reduction of such a bony injury [2, 3, 15].

Moreover, we think, PTT injury may follow surgical 
treatment (iatrogenic) of a medial malleolar fracture where 
PTT may get entrapped into the fracture site, penetrated by 
misplaced screw, or damaged by an errant retractor 
placement.

 Symptoms

Acute closed PTT injuries tend to be missed due to failure to 
examine patients adequately in the presence of painful and 
swollen ankle [5, 11]. Adding to the rarity of those injuries, 
they may be misdiagnosed as medial ankle sprain [5]. In a 
systematic review of PTT dislocations, Lohrer and Nauck 
reported that about 53 % of cases were overlooked at the ini-
tial hospital’s visit [4]. Attention to the description of injury 
events may give a clue for predicted soft tissue injuries 
including PTT. So, diagnosis of such an injury is believed to 
require high index of suspicion.

Patient with PTT injury may present with a retro- malleolar 
swelling, variable pain and difficulty in bearing weight. 
Clinically, the picture may mimic medial ankle sprain, Sudeck’s 
sympathetic syndrome, or tibial nerve neuralgia [12, 16].

 Diagnostics

Any patient with sport-related injury should undergo a pri-
mary systematic assessment depending upon the mechanism 
of injury and presence of other body system involvement.

Suspicion of PTT injury should be raised in patients with 
significant closed ankle injury associated with medial symp-
toms or cases of “non-healed medial ligamentous sprain”, 
which did not respond to conservative treatment. In particu-
lar, PTT dislocation patient may report a feeling of a ‘pop’ at 
the time of injury, “ recurrent snapping” and/or feeling of a 
cord-like structure over the medial malleolus [4]. Careful 
local examination, including neurovascular structures, 
should be carried out. Further diagnostic workup, as by MRI, 
may be warranted in equivocal cases.

PTT injury should be differentiated from flexor hallucis 
longus (FHL) tenosynovitis in sporty people especially danc-
ers [6].

Marcus and Pfister suggested that the presence of the fol-
lowing clinical findings may raise the suspicion of PTT rup-
ture: Eversion ankle injury; diffuse medial ankle pain and/
swelling; flexible, asymmetric flatfoot and forefoot prona-
tion; and loss of PTT function on clinical examination (more 
specific) [17].

Adequate plain X-rays are essential to rule out associated 
bony injuries. However, plain radiographs are not specific for 
acute tibialis posterior injury. According to Lohrer and 
Nauck, medial malleolar chip fracture may be seen in only 
14.7 % of PTT dislocations [4].

MRI imaging is known to be highly sensitive and specific 
in detecting PTT injuries. Ultrasound imaging is useful in 
evaluation of the integrity and relationship of PTT to other 
structures in the retromalleolar groove, but excessive subcu-
taneous fat and post-traumatic swelling may obscure the 
view. Furthermore, ultrasound is an operator dependent 
modality [18, 19].

 Therapy

After administration of appropriate antibiotic and tetanus 
prophylaxis, significant open injuries of the ankle joint 
should undergo surgical exploration in the operating room. 
Repair of tendon is essential to prevent later development of 
tibialis posterior dysfunction, and it is important to check the 
integrity of flexor sheath as it plays an important role in 
keeping the tendon in normal track and position.

Table 23.1 List of sports which may be associated with risk of PTT 
dislocation

Motorcyling [7]

Dancing [6]

Tae-Kwon-Do [9]

Running [4]

Rock-climbing [8]

Snowboarding [5]
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In literature overview, the trend to treat PTT dislocations 
or entrapment non-operatively is not sufficiently supported. 
However, Deland and Hamilton reported successful conser-
vative treatment of partial PTT tear in a dancer with cavus 
foot by immobilisation and physiotherapy protocol and on 
the other hand, another three cases which did not respond to 
conservative treatment and subsequently required surgical 
intervention [6].

Up to our knowledge, there is no scientific evidence sup-
porting surgical correction of hindfoot malalignment at the 
same time of repair or reconstruction of acute PTT ruptures 
or tears. Surgical treatment of PTT dislocations has to 
address flexor retinaculum and retromalleolar groove abnor-
malities. Such a treatment may consist of direct repair or 
reefing of the retinaculum. Augmentation is possible with 
surrounding soft tissues (e.g. deltoid ligament and perios-
teum), and/or retromalleolar groove deepening [4].

 Chronic PTT Insufficiency

 Introduction

PTT dysfunction or acquired flatfoot is a very common pro-
gressive PTT lesion that may give rise to several sequelae 
such as medial chronic ankle instability, Spring ligament 
injury, plantar fasciitis, subfibular lateral bony impingement, 
syndesmotic insufficiency, subtalar osteoarthritis, lateral val-
gus ankle osteoarthritis, Lisfranc joint osteoarthritis, and 
Achilles tendon tendinopathy.

 Incidence

PTTI is common among athletes. The authors believe that 
most of PTTI cases in sport are of stage I Johnson & Strom 
(tenosynovitis). According to cross-sectional studies on spe-
cial Olympic athletes, it has been found that 38.1–38.5 % of 
subjects had flatfeet [20].

 Aetiology and Pathomechanism

It seems that PTT dysfunction is a multifactorial disorder 
and could be linked to patient’s specific aetiology [21]. 
Several theories have been suggested to elaborate PTT dys-
function pathogenesis such as hypo-vascular, vascular, 
inflammatory, structural, hormonal, and traumatic [10, 
22–25].

Stage I PTTI (tenosynovitis) in sport patients are mainly 
related to athletic activities without having an appropriate 
protection and suitable shoes, which may lead to irritation of 
the tendon. For instance, it has been found that it may occur 

in ballet dancers due to overuse of PTT (sickling in a valgus 
position) [26].

Frey et al. suggested the presence of a relative hypovascu-
lar PTT segment that makes the tendon more liable to degen-
eration. They found such a segment is situated dorsal and 
distal to the medial malleolar level; and anatomically, it is 
more subject to chronic irritation and micro-injury from any 
medial malleolar bony prominence [25, 27]. According to 
Peterson et al. this area is confined to PTT retromalleolar 
part that is rich with fibrocartilagenous tissue [23].

Inflammatory process in the form of seronegative tenosy-
novitis is thought to be more common in young adults, which 
may predispose to tenosynovitis and development of pes pla-
novalgus deformity [28].

Bridgeman et al. examined a possible link between estro-
gen hormone receptors and development of PTT insufficiency 
in a limited number of subjects, and the study did not show 
any significant association. So, there is a need for larger 
cohort studies to prove or disprove this association [29].

In an epidemiological analytical study of 67 adults with 
chronic PTT rupture, Holmes and Mann found that 52 % of 
subjects had positive history of diabetes mellitus (DM), high 
blood pressure, or high body mass index (BMI); also, they 
found a significant correlation between PTT rupture and 
both high blood pressure and high body mass index [24].

Development of pes planus may be a stem from a missed 
PTT disruption in association with ankle fractures (espe-
cially pronation-external rotation) or eversion ankle sprain 
[10, 17].

Degenerative changes observed in PTT dysfunction cases 
might be a result of change of collagen distribution and com-
position leading to a reduction in the mechanical resistance 
of tendon tissue and consequently affecting its compliance 
[17, 22].

Pisani suggested that the overall pathological image of 
degenerative flatfoot is related to “ degenerative glenopathy 
of coxa pedis (talo-calcaneo-navicular joint)”. Further, pres-
ence of accessory navicular bone between PTT and glenoid 
of coxa pedis may explain the evolution of microtraumatic 
lesions on glenoid cartilage. So, excision of accessory navic-
ular as soon as possible may help prevent development of 
such lesions [30, 31].

In our opinion, the presence of concomitant spring liga-
ment (plantar calcaneonavicular ligament) lesion should be 
kept in mind in all patients undergoing any kind of flatfoot 
reconstruction as missing treatment of such a lesion may 
cause failure of surgical treatment. Owing to the fact that 
spring ligament is an important contributor to the stability of 
the medial longitudinal arch, Spring ligament affection may 
happen throughout PTT disease course. [32]. Spring liga-
ment lesions can be brought about by PTT pathology and 
vice versa. In other words, Pisani suggested that the presence 
of fibrocartilagenous tissue in parts of glenoid of “coxa pedis 
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(talo-calcaneo-navicular joint)“ with a “limited repairing 
capacity”, which makes glenoid more liable to frequent 
microtrauma; may explain primary degeneration of spring 
ligament and later PTT affection [30, 31, 33]. In recent sci-
entific literature in English, several pes planovalgus cases 
with spring ligament lesion and intact PTT were reported. 
So, early diagnosis of isolated spring complex lesion as the 
main reason of the deformity may help avoid unnecessary 
surgical interventions [34, 35].

 Symptoms

Patients with PTT dysfunction my present with pain and/or 
swelling that is localised over medial ankle joint. Symptoms 
may interfere with physical activities such as sport, and may 
make patients change into low impact activities [36].

In advanced stages of the disease, patients may also suffer 
from lateral ankle pain that may be attributed to development 
of subfibular impingement or sinus tarsi impingement. 
Nevertheless, the actual aetiology of this pain is not yet fully 
proven [37]. Pathobiomechanically, the authors believe that 
valgus hindfoot cause valgisation of the talus leading to 
medial talar impingement against medial malleolus. 
Consequently, that cause frequent injury to medial aspect 
articular cartilage of talus giving rise to early ankle degen-
eration and/or medial talar osteochondral lesions develop-
ment. Feeling of giving way or instability at the ankle joint 
may follow elongation of the deltoid ligament or syndes-
motic insufficiency, both which may result from hindfoot 
valgus malalignment. In addition, longstanding abduction of 
the foot and frequent unbalanced load on sublaxed Lisfranc 
joint leads to degeneration, which manifests later with pain 
at the midfoot especially at the second and third metatarsal 
bases.

 Classification

Several classifications have been proposed over the last few 
decades to help understand different bony and soft tissue 
changes in PTT dysfunction and guide selection of the best 
treatment options [36, 38–41]. The most commonly used 
clinical classification of PTT dysfunction was first described 
by Johnson and Strom in 1989 as three stages. Several years 
later, a fourth stage was added by Myerson, which involves 
tibio-talar articulation pathology. The four stages are illus-
trated in Table 23.2 [36, 38].

Another detailed classification was proposed by Bluman 
et al. that is believed to be very helpful to surgeons to clini-
cally and radiologically stratify PTT pathology and plan 
appropriate treatment (Table 23.3) [39]. A classification sys-
tem (RAM: rearfoot, ankle, and Midfoot) was suggested by 

Raikin et al. in 2012, which links pathological changes 
related to PTT dysfunction in the hindfoot, ankle joint and 
midfoot [41].

 Diagnostics

Cozen has rightly said that “ unfamiliarity with the syn-
drome can be embarrassing to the physician and painful for 
the patient” when he reported his PTT dysfunction case 
series in 1965. PTTI diagnosis is based mainly on history 
taking and clinical examination. After reviewing patient’s 
history, the clinician has to be aware of importance of clini-
cal examination in picking up early stages of PTT dysfunc-
tion to prevent its progression and choose the appropriate 
treatment modality adapted to the stage of the disease. 
Different clinical presentations and radiological signs cor-
related to disease stages are illustrated in Tables 23.2 and 
23.3. The foot should be inspected for any forefoot, mid-
foot, and/or hindfoot deformities. “ Too many toes” sign 
represents disease stage II and higher, and indicates signifi-
cant forefoot abduction. Inability or difficulty to perform 
single heel raise test is an indicator of weakness of 
PTT. PTT normally varisates and locks the hindfoot, allow-
ing for pull of calcaneus by the Achilles tendon [36]. 
Hintermann and Gächter described and validated a first 
metatarsal rise test that was found to be positive in all PTT 
dysfunction patients involved in their study. This test can be 
performed in standing or sitting position. The examiner 
rotates passively the leg and notice the first metatarsal head 
relationship with the ground. The test is considered positive 
if metatarsal head rises off the ground [42].

Adequate weight bearing radiographs of foot and ankle 
have to be obtained to assess the stage of the disease. On the 
antero-posterior (AP) view of foot, talo-navicular joint 
alignment and coverage angle can be assessed. On the lat-
eral view, lateral talo-metatarsal angle and medial arch 
height can be appreciated. Hindfoot alignment view/
Saltzman view is used to assess hindfoot alignment [43]. 
Ankle radiographs (AP, lateral, and mortise views) are used 
to rule out arthritic changes and any associated deformity. 
Harris calcaneal view may be needed to detect subtalar 
coalition (i.e. as an important differential diagnosis). 
According to Malicky et al., the presence of cystic lesions in 
distal fibula or sinus tarsi area on plain radiographs may 
suggest coexistent impingement [37].

CT is very helpful in assessing the bony anatomical 
changes, while MRI is highly sensitive and specific in the 
diagnosis and evaluation of PTTI soft tissue changes. Yao 
et al. found that MRI is highly specific (up to 100 %) but with 
moderate sensitivity (54–77 %) in picking up tears of supero-
medial component of spring ligament. Adding to that, MRI 
was not reliable in detecting plantar component tears due to 
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its orientation complexity [44, 45]. Toye et al. reported 79 % 
sensitivity of MRI in detecting surgically visible spring tears 
as full thickness discontinuity [46]. A prevalence of 81.8–
92 % of spring ligament injury were reported in association 
with chronic PTT lesions [47, 48].

The ultrasonic picture of stage I PTT dysfunction was 
found to be the presence of hypoechoic enlargement of 
tendon sheath (minimum of 5.9 mm) and hypoechoic ten-
don distension [49]. In a prospective blinded cadaveric 
study, Girling et al. found the sensitivity of dynamic ultra-
sound and MRI imaging in detecting PTT longitudinal 
tears were 69 % and 73 %, respectively; and specificity of 
81 % and 69 %, respectively. However, this study could be 
biased by the presence of previous PTT degeneration in 
old age specimens, and surgically- induced tears may not 
reflect radiological signs in living people such as oedema 
and bleeding [50].

 Therapy

All patients with PTTI should undergo adequate conserva-
tive treatment for at least 3–6 months before considering sur-
gical options.

In recent literature, there were a number of studies that 
investigated effectiveness of non-operative measures on 
early stages of the disease such as orthotics, bracing, and 
physiotherapy; but with variable methodology [51–55].

Immobilisation using a splint, stabilizing shoe, or walker 
must be considered in stage I PTTI to prevent progression of 
the disease. The ideal position of immobilisation is a slight 
inversion and plantar-flexion for 4–6 weeks [56]. Non- 
steroidal anti-inflammatory drugs (NSAIDs) have been 
found to be effective as analgesic in acute disease but not 
proven yet to interfere with the inflammatory phases of ten-
dinopathy [57]. Injection of corticosteroids may be effective 
as anti-inflammatory agent but carries a high risk of tendon 
rupture. In case of no remarkable response to conservative 
treatment, surgical intervention in the form of tenosynovec-
tomy may be warranted.

The aim of bracing in early stages of PTTI appears to be 
maintaining the correction of the deformity and subsequently 
diverting the high loads off the diseased PTT during ambula-
tion [51].

It has been observed that all long muscle groups of foot 
and ankle have a significant weakness in stages I & II 
PTTI. So, a structured physiotherapy program, in addition to 
the use of appropriate varisating insoles or braces, is prefer-
able in those stages to achieve satisfactory outcome and 
avoid possible surgical intervention complications [54].

Alvarez et al. described a structured PTT rehabilitation 
program for PTTI stages I & II, and reported a clinical 
improvement in 89 % of subjects. Such a program involves 
patient education and assessment and orthotic prescription. 
The physiotherapy protocol for PTT rehabilitation consisted 
of three phases that can be performed under supervision over 
6 days and phase II is repeated if discharge criteria have not 
been met. The protocol involved gradual participation in 
focused exercises such as heel rises, sole-to-sole, and active 
range of motion exercises [54].

In a randomised controlled study, it has been found that 
a combination of orthotics, stretching exercises, and pro-
gressive PTT resistive exercises is very effective in improv-
ing function and pain relief in patients with disease stages I 
and II [58]. In a case series study, a physiotherapy struc-
tured program for 12 weeks was found to be effective in 
combination with an orthotic support in a cohort of 10 sub-
jects with stage I flatfoot. In the latter study, stretching 
exercises of gasrocnemius and soleus muscles were started 
2 weeks earlier than beginning of formal PTT eccentric 
exercises, and then continue in parallel with PTT exercises 
for 10 weeks to help decrease the load on PTT and provide 
more flexibility to gastroc-soleus complex throughout the 
whole program [59]. However, there is a need for more 
high-level trials to prove effectiveness and determine the 
best physiotherapy protocol.

O’ Connor et al. in a retrospective comparative investiga-
tion, suggested that successful non-operative treatment can 
be predicted in non-obese patients without prior corticoste-
roid injection or orthotics use, and short duration before 

Table 23.2 Classification of posterior tibial tendon insufficiency (PTTI) according to Johnson and Strom, and Myerson

Johnson-Strom Johnson-Strom Johnson-Strom Myerson

PTTI Grade Grade 1 Grade 2 Grade 3 Grade 4

Posterior Tibial Tendon Tenosynovitis or 
degeneration, or both

Elongation, degeneration, 
partial rupture

Elongation, degeneration, 
rupture

Elongation, degeneration, 
rupture

Deformity: Pes 
planovalgus abductus 
and supinatus

Absent Flexible, correctable 
Planovalgus

Fixed, uncorrectable 
Planovalgus

Fixed, uncorrectable 
Planovalgus

Pain Medial Medial, lateral, or both Medial, lateral, or both Medial, lateral, or both

Too-many-toes sign Negative Positive Positive Positive

1st Met. rise sign Negative Positive Positive Positive

Ankle Deformity None None None Yes

23 Posterior Tibial Tendon Lesions and Insufficiency



224

consulting an orthopaedic surgeon. Nevertheless, lacking 
one or more of the previous criteria cannot be assumed as 
predictors for the need for surgical management at initial 
patient’s visit [60].

 Surgical Treatment

Unsuccessful conservative treatment for a period of 
3–6 months may necessitate surgical management. The main 
aim of surgery is to maintain stable, painless and plantigrade 
foot. See Table 23.4 for an overview of aims of some surgical 
tactics in flatfoot.

Synovectomy is indicted in cases of failed conservative 
treatment in stage I PTTI. During the procedure, the tendon 
should be inspected for any evidence of degeneration that 
may necessitate debridement, shortening, repair, or 
reconstruction.

In a significant flatfoot deformity (PTTI II–IV), under-
standing the patho-mechanics of the three dimensional 
deformity is the key of successful surgical planning. In such 
cases, reconstruction of the soft tissue alone may carry a high 
tendency to failure. So, the necessity of bony deformity cor-
rection together with soft tissue reconstruction should be 
addressed properly (Fig. 23.1). A summary of current treat-
ment options for PTTI stages II–IV is shown in Table 23.5.

Table 23.3 Classification of PTTI according to Bluman et al. [39]

Stage Substage
Most characteristic clinical 
findings

Most characteristic 
radiographic findings Treatment

I A Normal anatomy Normal Immobilization, NSAIDs, Cryotherapy, Orthoses, 
and/or Tenosynovectomy

Tenderness along PTT ± Systemic disease-specific pharmacotherapy

B Normal anatomy Normal Immobilization, NSAIDs, Cryotherapy, Orthoses, 
and/or Tenosynovectomy

Tenderness along PTT

C Slight HF valgus Slight HF valgus Immobilization, NSAIDs, Cryotherapy, Orthoses, 
and/or Tenosynovectomy

Tenderness along PTT

II A1 Supple HF valgus HF valgus Orthoses

Flexible forefoot varus Meary’s line disruption MDCO

Possible pain along PTT Loss of calcaneal pitch TAL or Strayer and FDL transf. if deformity corrects 
only with ankle plantarflexion

A2 Supple HF valgus HF valgus Orthoses

Fixed forefoot varus Meary’s line disruption MDCO and FDL transf.

Possible pain along PTT Loss of calcaneal pitch Cotton osteoectomy

B Supple HF valgus HF valgus Orthoses

Forefoot abduction Talonavicular uncovering MDCO and FDL transf.

Forefoot abduction Lateral column lengthening

C Supple HF valgus HF valgus MDCO and FDL transf.

Fixed forefoot varus First TMT plantar gapping Cotton osteotomy or medial column fusion

Medial column instability

First ray dorsiflexion with 
HF correction

Sinus tarsi pain

III A Rigid HF valgus Subtalar joint space loss Custom bracing if not surgical candidate

Pain in sinus tarsi HF valgus Triple arthrodesis

Angle of Gissane sclerosis

B Rigid HF valgus Subtalar joint space loss Custom bracing if not surgical candidate

Forefoot abduction HF valgus Triple arthrodesis ± lateral column lengthening

Pain in sinus tarsi Angle of Gissane sclerosis

Forefoot abduction

IV A Supple tibiotalar valgus Tibiotalar valgus Surgery for HF valgus and associated deformity

HF valgus Deltoid reconstruction

B Rigid tibiotalar valgus Tibiotalar valgus TTC fusion or pantalar fusion

HF valgus

HF hind foot, FDL transf. flexor digitorum longus transfer, MDCO medial displacing calcaneal osteotomy, NSAID nonsteroidal anti-inflammatory 
drugs, PTT posterior tibial tendon, TAL tendo Achilles lengthening, TMT tarsometatarsal joint, TTC tibiotalocalcaneal
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Spring ligament integrity should be checked intra- 
operatively. It may be found attenuated rather than disrup-
tion, and repair or reconstruction is essential as it is a major 
pathologic contributor to pes planovalgus deformity.

Selection of the appropriate type/types of osteotomy is 
dictated by the amount of correction needed according to the 
three dimensional image of deformity (hindfoot valgus, fore-
foot abduction, and medial arch flattening). Combination of 
more than one type of osteotomy may be required (see 
Table 23.6). Medial Calcaneal Displacing Osteotomy 

(MDCO) can be used in both flexible and rigid hindfeet and 
it aims at a significant correction of hindfoot valgus and redi-
rection of the line of Achilles tendon pull; so, it may help 
lessen the impact of Achilles action as a deforming force for 
valgus hindfoot [61]. According to a biomechanical study, 
MDCO with 10 mm translation was not significant to affect 
the Achilles tendon length [62]. However, another study sug-
gested that MDCO could help decrease the amount of forces 
exerted on first metatarsal and talonavicular articulation 
moment whereas it may increase forces exerted on the fifth 
metatarsal and calcaneo-cuboid articulation [63]. Lateral 
Calcaneal Lengthening Osteotomy (LCLO) requires a 
flexible deformity (i.e. some subtalar motion preservation) as 
a prerequisite. As the surgical approach for this osteotomy 
involves an exposure of sinus tarsi, it is advised to preserve 
fat pad at that area because it is thought to contain proprio-
ceptive neural tissue (“cerebellum pedis”) [64]. Moreover, 
care should be taken not to sacrifice interosseous ligament in 
sinus tarsi as it may destabilise the subtalar joint. The value 
of such an osteotomy is in generous correction of forefoot 
abduction and moderate effect on correcting hindfoot valgus 
and medial arch of the foot (Fig. 23.2) [61]. Cotton (medial 
cuneiform open dorsal wedge) osteotomy is useful for sub-
stantial restoration of the medial foot arch and minimal 

Table 23.4 Goals of surgical treatment of PTTI

Surgical strategy Aim

Soft tissue reconstruction Pain ↓, PTT-Function ↑
Medial Stability ↑

Bone
reconstruction

Medial Soft tissue stress ↓
Correction of:
Planus
Abductus
Supinatus
Peritalar Luxation (TN)
Long term Stability & 
Alignment

An arrow pointing up: increase; An arrow pointing down: decrease; 
PTT posterior tibial tendon, TN talonavicular joint

a b c

d e f

Fig. 23.1 Intraoperative illustration of surgical reconstruction of a 
PTTI stage IIA in a young adult. (a) A medial incision was used to 
approach the PTT tendon, which starts from the medial malleolus and 
extends distally to the navicular bone. Note hypertrophy and degenera-
tion of PTT tendon with complex tear. (b) The excised degenerative 
part of PTT tendon is shown. (c) Spring ligament was found to be 
affected. A softening and a gap were noted and indicates tear. (d) Spring 
ligament was repaired. A tenodesis of Flexor digitorum longus (FDL) 

to PTT was done. (e) A lateral incision is used to approach lateral cal-
caneal lengthening osteotomy (LCLO) site just below the sinus tarsi. 
Note the inserted allograft at the osteotomy site. A second incision was 
used to perform the additional medial displacing calcaneal osteotomy 
(MDCO) as more correction of hindfoot valgus was needed. (f) The 
fixation of both osteotomies was performed with two cannulated CCS 
7.0 screws (Medartis, Switzerland). Note the configuration of screws in 
the lateral x-ray
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Table 23.5 Overview of surgical options in treatment of grade II-IV PTTI

Medial soft tissue 
reconstruction

Osteotomies hindfoot/ 
midfoot

Arthrodeses hindfoot/ 
midfoot

Supramalleolar OT, total ankle 
arthroplasty

Grade II + (PTT, Spring, Deltoid) +

Grade III + (Deltoid) +

Grade IV + (Deltoid) + +

OT osteotomy, PTT posterior tibial tendon

Table 23.6 Amount of expected flatfoot deformity correction in three different osteotomies

MDCO LCLO Cotton

Hindfoot varisation +++ ++ −

Forefoot adduction + +++ +

Medial arch restoration + ++ +++

Adapted from Valderrabano et al. [61]
LCLO lateral calcaneal lengthening osteotomy, MDCO medial displacing calcaneal osteotomy

a b c

d e f

Fig. 23.2 Radiographic illustration of an adult patient who underwent 
a lateral calcaneal lengthening osteotomy (LCLO) for correction of 
PTTI stage IIA: (a) A preoperative anteroposterior (AP) view of foot. 
Note the talonavicular subluxation. Also, hallux valgus is seen which 
appears to be a result of PTTI deformity. (b) A preoperative lateral view 
of the foot which shows abnormal talo-first metatarsal angle. (c) A pre-
operative Saltzman view of foot which shows a significant hindfoot 
valgus. (d) A postoperative anteroposterior (AP) view of foot, which 

shows a good correction of talonavicular subluxation and coverage. 
Forefoot osteotomies are noted aimed at correction of hallux valgus and 
transfer metatarsalgia (Modified Chevron’s osteotomy, Akin’s osteot-
omy, and Weil osteotomy for 2nd and 3rd metatarsals). (e) A postopera-
tive lateral view of foot, which shows a normalisation of the talo-first 
metatarsal angle. (f) A postoperative Saltzman view of foot, which 
shows a significant correction of the hindfoot alignment
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forefoot adduction correction [61]. The authors think that 
performing osteotomies in elite athletes is better to be 
avoided as they might be a possible end of their career.

In stage IV PTTI, where tibiotalar joint and/or deltoid 
ligament are involved, has to be treated as a valgus mal- 
aligned ankle osteoarthritis (OA). Joint preserving surgery, 
by supramalleolar medial closing wedge osteotomy, may 
be appropriate if a significant part of the articular cartilage is 
still intact prior to considering total ankle arthroplasty or 
fusion of ankle joint (e.g. ankle arthrodesis, pantalar arthrod-
esis, or tibio-talo-calcaneal arthrodesis).

In advanced PTTI stages, deltoid ligament may become 
attenuated and requires reconstruction. Adding to that, long-
standing valgus malalignment may result in overload of dis-
tal tibiofibular joint and lead to syndesmotic insufficiency. 
Such an insufficiency may need to be considered to be treated 
during operative treatment. Moreover, seldom, Tibialis ante-
rior rupture may also occur in longstanding PTTI cases.

In cases where medial soft tissue procedure (e.g. FDL 
transfer and spring ligament reconstruction) together with 
lateral calcaneal osteotomy is indicated, our senior author 
(V.V.) recommends to begin the surgical preparation for 
medial soft tissue reconstruction followed by calcaneal oste-
otomy and lastly finalizing medial soft tissue procedures. 
This strategy may help in avoiding redundancy of medial 

soft tissue. Gastrocnemius-Soleus release or Achilles tendon 
lengthening may be indicated in case of limited ankle dorsi-
flexion (contracture) and in severe deformities.

In addition to bone reconstruction, the authors recom-
mend to do a PTT to FDL transfer in stages III and IV to aid 
in dynamic correction and recovery of PTT due to the fact 
that recovery of degenerated PTT is still possible, even in 
late repair cases [65].

Possible complications of surgical intervention may 
include prolonged foot edema, recurrence of deformity, 
overcorrection, undercorrection, fixation failure, non-union 
of osteotomy, and non-union of arthrodesis.

 Rehabilitation and Back-to-Sports

In acute and chronic PTT lesions, we recommend immobili-
zation using a pneumatic walker. 15 kg-weight bearing on 
crutches is permitted for the first 6 weeks. Then, gradual pro-
gression to full weight bearing for the following 6 weeks. 
Structured physical therapy program is instituted from the 
first postoperative day until at least 3–6 months to achieve 
good muscular strength and proprioceptive control. Low- 
impact sports are allowed after 3 months and gradual pro-
gression for more high-intensity sports.

Table 23.7 Illustration of selected best evidence available on therapy of posterior tibial tendon lesions and insufficiency

Authors Journal, year Study topic Number of patients Evidence level

Deland and Hamilton Clin Sports Med, 2008 Posterior tibial tendon tears in dancers 4 IV

Lohrer and Nauck Br J Sports Med, 2010 Posterior tibial tendon dislocation:
a systematic review of the literature and
presentation of a case

59 IV

Holmes and Mann Foot Ankle, 1992 Possible epidemiological factors associated 
with rupture of the posterior tibial tendon

67

Krause et al Foot Ankle Int, 2008 Shell brace for stage II posterior tibial tendon 
insufficiency

18 II

Kulig et al Phys ther, 2009 Nonsurgical management of posterior tibial 
tendon dysfunction with orthoses and resistive 
exercise: a randomized controlled trial

40 I

Alvarez et al Foot Ankle Int, 2006 Stage I and II Posterior Tibial Tendon 
Dysfunction Treated by a Structured 
Nonoperative Management Protocol: An 
Orthosis and Exercise Program

47 III

O’ Connor et al Foot Ankle Int, 2006 Patient factors in the selection of operative 
versus nonoperative treatment for posterior 
tibial tendon dysfunction

166 III

Marks et al Gait Posture, 2009 Surgical reconstruction of posterior tibial 
tendon dysfunction: Prospective comparison 
of flexor digitorum longus substitution 
combined with lateral column lengthening or 
medial displacement calcaneal osteotomy

20 II

Dolan et al Foot Ankle Int, 2007 Randomized prospective study comparing 
tri-cortical iliac crest autograft to allograft in 
the lateral column lengthening component for 
operative correction of adult acquired flatfoot 
deformity

33 I
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Long rehabilitation period may be expected in cases 
involving corrective osteotomies or joint fusion due to the 
time taken by the nervous system to be adapted to the new 
hindfoot alignment [66].

 Prevention

Injuries of PTT can be prevented by the use of safe sport 
equipments and incorporation of training of the Posterior 
Tibial muscle in the regular sports training. In athletes with 
PTTI, it is recommended to do Posterior Tibial muscle exer-
cises to varisate the hindfoot, use of antipronation sports 
shoes, and insoles with medial arch support.

 Evidence

Level of the best available evidence on PTT lesions and 
insufficiency are shown in Table 23.7.

 Summary

 1. Although there is not clear estimate of its incidence, acute 
posterior tibial tendon injury commonly follow sport.

 2. Acute PTT injury should be considered in the differential 
diagnosis of “unhealed medial ankle sprain” especially 
when PTT function testing is questionable.

 3. Posterior tibial tendon deficiency is common among ath-
letes, mainly as a stage I Johnson and Strom. Treatment 
of choice is physiotherapy with Posterior Tibial muscle 
exercises to varisate the hindfoot, use of antipronation 
sports shoes, and insoles with medial arch support

 4. The presence of concomitant spring ligament lesion 
should be kept in mind in all patients undergoing flatfoot 
reconstruction as missing treatment of such a lesion may 
cause failure of surgical treatment.

 5. Selection of the appropriate type/types of osteotomy is 
dictated by the amount of correction needed according to 
the three dimensional image of deformity (hindfoot val-
gus, forefoot abduction, and medial arch flattening).

 6. Long rehabilitation period may be expected in cases 
involving corrective osteotomies or joint fusion due to the 
time taken by the nervous system to be adapted to the new 
hindfoot alignment.
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Peroneal Tendons

Mario Herrera-Perez and Anna Oller-Boix

Abstract

Peroneal tendon pathology is an undervalued source of lateral foot and ankle pain in 
athletes and can be difficult to distinguish from other lateral ankle injuries. There are 
three broad categories of peroneal tendon pathology: peroneal tendinitis/tendinopathy, 
peroneal tendon tears, and peroneal subluxation/dislocation. An understanding of the 
anatomy and biomechanics of the peroneal tendons is essential for diagnosis and proper 
treatment of its pathology. Space-occupying conditions such as low-lying muscle belly 
of the peroneus brevis or peroneus quartus, ankle instability, hindfoot varus, or pes cav-
ovarus must be ruled out in all the cases. Proper conservative treatment is effective in 
athletes with tendinopathy. On the other hand, gross symptomatic ruptures or sublux-
ation/dislocations should be surgically treated in order to return to their professional 
activity level.
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 Anatomy and Functional Aspects

The peroneus longus (PL) and peroneus brevis (PB) origi-
nate from the lateral compartment of the leg. From proximal 
to distal, the tendons run around the posterolateral aspect of 
the ankle in a common synovial sheath surrounded by a 
fibro-osseus tunnel. This sheath splits at the distal ankle at 
the level of the peroneal tubercle [1, 2]. The PB is tendi-
nous, about 2–4 cm proximal to the tip of the fibula, lying 
anteriorly and medially to the PL at the level of the lateral 
malleolus, while also inserting into the tuberosity of the fifth 
metatarsal. The PB is innervated by the superficial peroneal 
nerve (S1), acting as a primary evertor of the foot. The PL 
courses medially and posteriorly in the sulcus (longus takes 

the long way round), passing between the long plantar 
 ligament and the cuboid groove, aiming for its insertion into 
the plantar base of the first metatarsal and the lateral portion 
of the medial cuneiform. The tendon crosses the sole 
obliquely to insert into the base of the first metatarsal and 
adjoining part of the medial cuneiform [3]. Innervated by 
the superficial peroneal nerve (S1), the PL acts as a primary 
plantar flexion of the foot and first metatarsal, as well as 
actively everting the foot. The PL is the single most impor-
tant factor in maintaining the integrity of the lateral longitu-
dinal arch of the foot [3]. The os peroneum is a sesamoid 
located at the lateral aspect of the calcaneo-cuboid joint 
within the PL tendon. It is present in 3–6 % of normal feet. 
The retroperoneal sulcus is formed laterally and posteriorly 
by the superior peroneal retinaculum (SPR), anteriorly by 
the concave shaped posterior aspect of the fibula and medi-
ally by the posterior inferior tibiofibular, the posterior talo-
fibular and the calcaneofibular ligaments. The superior 
peroneal retinaculum (SPR) originates from the periostium 
of the posterolateral rim of the fibula and inserts into the 
lateral calcaneus (peroneal tubercle). Medially it blends 
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with the posterolateral ankle ligaments next to their attach-
ments to the calcaneus. Inferiorly, it blends with the inferior 
peroneal retinaculum. The SPR is the primary restraint of 
the peroneal tendons within the retromalleolar sulcus. When 
not bearing weight, the peroneal muscles act as plantar flex-
ors of the ankle, but their main function is hindfoot eversion. 
In addition, the muscles contract involuntarily in passive 
dorsal extension; during this movement the tendons act as 
dynamic ankle stabilizers.

 Peroneal Tendinitis and Tendinopathy

Peroneal tendinitis and tenosynovitis involve inflamma-
tion of the tendon or tendon sheath, respectively, affecting 
both the peroneus longus (PL) and the peroneus brevis 
(PB) tendons [2]. Overuse is a common cause of lateral 
ankle pain and should be considered, especially if the ath-
lete has not suffered ankle sprains and instability has been 
ruled out [4, 5].

 Etiology and Pathomechanism

Extrinsic factors: This issue often occurs after the initiation 
of new, prolonged or repetitive activity, or even after a period 
of relative inactivity or extended rest [6, 7]. For the athlete, 
changes in footwear, training regimen or training surface 
also may contribute to the problem [2]. Intrinsic factors: 
Chronic lateral or rotational ankle instability, hindfoot varus 
alignment, pes cavo varus, muscle dysbalances, peroneal 
muscle weakness and acute ankle inversion injuries are also 
associated [7]. These conditions become symptomatic in 
runners, ballet dancers, and patients with chronic lateral 
ankle instability [1, 4]. Other causes include severe ankle 
sprains, fractures of the ankle or calcaneus, and peroneal 
tubercle hypertrophy [4, 5]. In areas of abrupt change in ten-
don direction, as there is in the retroperoneal sulcus, the 
peroneal trochlea and the lateral edge of the cuboid bone, the 
tendons flatten and thicken out [6]. At the margin of the 
cuboid bone the PL forms a sesamoid bone (os peroneum), 
present in only a quarter of individuals, to withstand the 
shearing forces of the tendon. These narrow fibro-osseus 
tunnels bear the risk of stenosing tenosynovitis especially at 
fulcrum sites. Only a small thickening of ligaments or tendon 
will start a vicious circle of compression and reactive tendon 
edema and synovial fluid production. Biomechanically, it is 
believed to be due to excessive pronation and evertion of the 
foot. However, congenital prominence of the peroneal troch-
lea, a descending peroneus brevis belly at the sulcus, addi-
tional PB muscle tendons and a peroneus quartus are reasons 
for development of tenosynovitis or a predisposition for 
development after minor trauma [6].

Symptoms and diagnosis Diagnosis is made clinically. 
Examination should assess forefoot and hindfoot alignment 
as well as ankle stability. Physical examination in an acute 
phase (less than 6 weeks of evolution) reveals swelling and 
warmth along the tendon sheath behind the lateral malleolus 
and pain with resisted eversion. If the affected tendon is the 
PL, the patient presents with pain along the lateral calcaneal 
wall extending to the cuboid (plantar lateral pain). A pseudo-
tumor due to tendon degeneration may be present in chronic 
cases (more than 6 weeks of evolution).

Radiographs can be helpful to rule out other possible 
diagnoses and to identify an os peroneum (up to 3–6 % of the 
population) [8]. Peroneal tubercle hypertrophy or spurring of 
the retromalleolar groove is best identified with a Harris heel 
radiograph [7]. A hindfoot alignment radiograph (Saltzman 
view) is helpful to identify a cavovarus foot position. 
Magnetic resonance image (MRI) is the imaging of choice to 
confirm this pathology in order to reveal an increase of fluid 
within the tendon sheath in acute cases (Fig. 24.1) or even 
intratendinous abnormalities such as partial tears or thicken-
ing in chronic cases [2]. Ultrasound study in expert hands 
should not be dismissed.

Fig. 24.1 Increased fluid within the tendon sheath in an acute peroneal 
tendinopathy
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Painful os peroneum syndrome (POPS) is a spectrum 
of posttraumatic conditions of the peroneal tendons [9], and 
includes at least one of the following:

 1. Acute fracture of the os peroneum or diastasis of a multi-
partite os peroneum.

 2. Chronic fracture of the os peroneum associated with ste-
nosing tenosynovitis of the peroneus longus.

 3. Partial or complete rupture of the peroneus longus tendon 
near the os peroneum.

 4. Entrapment of the peroneus longus tendon and the os 
peroneum by a hypertrophied peroneal tubercle [10].

 Therapy of the Tendinopathy

Conservative A conservative approach is the first-line treat-
ment and consists of activity modification, NSAIDs, rest, 
ice, orthotics/insoles or shoe modification and physical ther-
apy. If symptoms persist, a short period of immobilization in 
a below knee plaster cast or CAM walker boot (10 days) is 
prescribed [2]. After symptoms solve, the patient begins a 
progressive rehabilitation programme of stretching and 
strengthening of the peroneal musculature. Endurance exer-
cises are added as required for athletic conditioning.

Platelet-rich therapies (PRT) Overall, and for the individual 
clinical conditions, there is currently insufficient evidence to 
support the use of platelet-rich therapies for treating muscu-
loskeletal soft tissue injuries, including peroneal tendon dis-
orders. Researchers contemplating RCTs should consider 
the coverage of currently ongoing trials when assessing the 
need for future RCTs on specific conditions. Moreover, there 
is need for standardisation of PRP preparation methods [11].

Surgery If conservative treatment fails after 3–6 months, 
surgery is indicated: tenosynovectomy provides a satisfac-
tory outcome [2, 7].

 – Open procedure: Through a standard retromalleolar postero-
lateral approach, after protecting the sural nerve, the pero-
neal tendon sheath is incised. Stenotic areas of the sheath 
may be excised; degenerated areas of the tendon or partial 
tears are resected or repaired (with a tubularization tech-
nique). Prominent peroneal trochleas are remodelled, while 
synovial tissue and abnormal muscles such as the peroneus 
quartus or a descending muscle belly are excised. Rarely 
additional tendons of the PB are excised as well. The tendon 
sheath is left unrepaired to prevent a stenosis phenomenon. 
The SPR, if incised, must be repaired to prevent subluxation. 
In cases of chronic lateral or rotational ankle instability an 
approach over the fibula allows the peroneal tendon surgery 
as well as also the lateral ligament reconstruction.

 – Tendoscopy. Van Dijk and Kort [12] have described ten-
doscopy for peroneal tendinopathy. They described the 
benefit of this treatment for stenosing tenosynovitis, or 
posttraumatic adhesions, in terms of postoperative fol-
low- up. We find this technique very useful when treating 
peroneal tendinosis, stenosing synovitis or a low-lying 
muscle belly. However, some authors have found this 
technique difficult to use alone regarding suturing the ten-
dons without making further incisions [13].

 Treatment of Painful Os Peroneum 
Syndrome (POPS)

The conservative treatment is the same.

• Surgery.
 – Open procedure: The PL sheath is identified and 

incised. The tendon is followed distally to the point 
where the tendon curves plantar to the cuboid. The os 
peroneum is identified and carefully shelled out of the 
peroneus longus tendon. If the tendon is intact, it can 
be reinforced with sutures. If more than 50 % of the 
tendon is involved in the tear, tenodesis of the pero-
neus longus to the peroneus brevis can be performed. 
The proximal segment of the peroneus longus is teno-
desed to the peroneus brevis [7].

Postop, rehab and back to sports 2 weeks non-weight bear-
ing, followed by a short leg weight bearing cast or boot. 
Range of motion and strengthening activities are started 2–4 
weeks after surgery. Strengthening activities are initiated 6–8 
weeks after surgery. Athletic activities are only started once 
rigorous physical therapy is completed and when strength 
returns to 90 % of the unaffected side [2].

Evidence Unfortunately, the treatment recommendations 
for peroneal tendinopathy are based primarily on case series 
and expert opinion [7]. More recently, Cychosz et al. [14] 
published the results of a comprehensive review of the litera-
ture, focusing on the use of foot and ankle tendoscopy. 
Although the current literature suggests that tendoscopy is a 
safe and effective procedure, this study shows that there is 
weak evidence (grade Cf) to support the use of tendoscopy 
on the peroneal tendons, so scientific articles with higher lev-
els of evidence are needed.

 Peroneal Tendon Tears

They are frequently overlooked because of the vague nature 
of pain along the posterolateral ankle region.
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Classifications Redfern and Myerson developed a treatment 
algorithm for a tear of both fibular tendons [15]. The tear was 
classified as Type I in a case where a both tendons are repair-
able, Type II when only one tendon is reparable, Type IIIa is 
a candidate for tendon transfer is a candidate for tendon trans-
fer with no proximal muscle excursion, and Type IIIb in a 
candidate for an allograft reconstruction in tears with proxi-
mal peroneal muscle excursion. Krause and Brodsky [16] 
proposed a classification system to guide surgical decision-
making in patients with fibular tendon tears. This system is 
based on the transverse (cross-sectional) area of viable ten-
don that remains after debridement of the damaged portion of 
the tendon. This presumes that the retained portion of the ten-
don has no longitudinal tears. Grade I lesions are less than 
50 % of the cross-sectional area and tendon repair is recom-
mended. Grade II lesions are more than 50 % of the cross- 
sectional area and tenodesis is recommended.

Etiology and pathomechanism Acute ankle inversion injuries 
produce acute ruptures, as a result of sports injury or trauma 
[4, 5] but, more frequently, we face with chronic ruptures that 
can occur with many conditions such as lateral ankle instabil-
ity, peroneal tendon subluxation, cavovarus foot position, and 
predisposing anatomic variations that lead to stenosis within 
the retromalleolar groove: convex or flat fibular grove, low-
lying or anomalous muscle belly, SPR incompetence, poste-
rior lateral fibular spurring and a high- arch foot type.

Magnetic resonance imaging (MRI) studies have also 
showed that anatomic factors, both osseus and soft tissue, 
contribute to peroneal tendon injury [6–9].

 Peroneus Brevis Tears

Incidence Peroneus brevis tears are common [6]. Cadaver 
studies indicate that incidences range from 11 to 37 %. The inci-
dence of clinically significant tears, however, remains unknown. 
Such injuries are difficult to diagnose with the time from initial 
injury to diagnosis frequently greater than 12 months.

Diagnosis Lateral ankle pain is the most common presenting 
symptom. Other complaints include ankle instability and lateral 
ankle swelling. Upon examination, tenderness and swelling 
over the tendon sheath are consistent findings, and peroneal 
muscle strength is often decreased [1]. PB tears can be evaluated 
with the peroneal tunnel compression test: pain while applying 
manual pressure along the peroneal tendon sheath in the retro-
malleolar groove with the knee flexed 90° and the foot plantar 
flexed [7]. A history of ankle sprain followed by chronic lateral 
ankle instability and posterolateral ankle pain is not unusual.

PB tears are usually found within the fibular groove, indi-
cating that they are likely due to mechanical trauma in this 
region [1]. Clinical and anatomical studies indicate that tears 

are produced by a combination of factors including compres-
sion of the brevis tendon against the posterolateral aspect of 
the fibula by the longus tendon and intratendinous shear 
stresses, which allow longitudinal tears in the tendon to 
develop as it passes beneath the tip of the lateral malleolus. 
This latter theory is supported by the fact that most tears are 
found on the undersurface of the tendon.

Laxity of the SPR has also been suggested as a contribut-
ing factor. Although subluxation of the tendon over the lat-
eral fibular ridge has also been suggested as a factor, the 
incidence of this is unknown. A hypertrophied peroneus 
brevis muscle seen in athletes, as well as an anomalous per-
oneus quartus muscle may additionally predispose the ten-
don to tear. In one study, 18 % of cadaver specimens with a 
peroneus quartus (Fig. 24.2) also had a brevis tear present 
[8, 16–19]. It has been hypothesized that the anomalous 
muscle and tendon force the brevis tendon laterally against 
the fibular ridge, which may result in a tear. Even without a 
tendon tear, an anomalous peroneal muscle may be the 
cause of chronic ankle pain and affect athletic performance 
[9]. If an anomalous muscle is suspected, MRI may confirm 
the diagnosis.

 Peroneus Longus Tears

They are not as common as PB tears and can occur inde-
pendently or associated with one [6]. Two mechanisms for 
the development of a PL tear have been suggested: The 
first being degeneration as a result of high intratendinous 
shear stress, such as the cuboid tunnel, at the os peroneum, 
at the peroneal tubercle, or at the tip of the lateral malleo-
lus. The other mechanism relies on evidence that proximal 
PL tears can be generated in cadavers using a mechanism 
similar to that which causes an inversion ankle sprain 
(acute ruptures) [6], in fact, any condition that leads to 
overuse of the PL tendon may produce a chronic injury 

Fig. 24.2 Peroneus quartus
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(such as weakness or absence of the supporting lateral 
ankle ligament structures). Fragmentation of the os pero-
neum through direct trauma or as an avulsion fracture is 
another injury mechanism.

Symptoms Clinical examination shows tenderness and occa-
sional swelling along the PL tendon, usually in the cuboid 
grove or on the plantar aspect of the foot. When an os pero-
neum is present, tenderness is localized at or just proximal to 
the bone. With complete rupture of the tendon distal to or 
through the os peroneum, the bony fragment is pulled proxi-
mally with the proximal tendon stump.

Diagnosis Loss or limitation of plantar flexion of the first ray 
and/or a painful resisted plantar flexion of the first ray and 
eversion of the foot may indicate a peroneus longus tear [6].

PL tears can be associated with a fracture through the os 
peroneum, as they are in patients with POPS (Painful Os 
Peroneum Syndrome) [20].

Radiographs of the foot may demonstrate proximal 
migration or fracture of the os peroneum, which correlates 
with the rupture of the PL tendon. In addition, fractures of 
the base of the fifth metatarsal can indicate avulsion of the 
PB tendon [1]. The anatomy and tears of peroneal tendons 
are easily visualized with an MRI. However, ultrasonogra-
phy, if conducted by experienced radiologists, may be capa-
ble of detecting subtler tendon tears [1].

 Therapy

• Conservative. Includes NSAIDs, physical therapy, activ-
ity modification, and immobilization in a short leg walk-
ing cast or a walking boot. However, symptoms frequently 
persist despite non-operative management, especially in 
the setting of chronic ankle laxity, peroneal tendon sub-
luxation, hindfoot varus deformity or in high-demand 
patients, such as athletes [1]. Failure rate of this treatment 
may be as high as 83 %.

• Surgical
 – Open procedure: we use a modification of the algo-

rithm developed by Redfern and Myerson based of 
intraoperative findings (Fig. 24.3) [15]. If both ten-
dons are grossly intact (type I) or there’s a longitudi-
nal tear in less than 50 % of the tendon, we perform a 
debridement and tubularization of the tendon 
(Fig. 24.4). If one tendon is irreparable (the tendon 
has multiple longitudinal tears and significant tendi-
nosis involving more than 50 % of the tendon) and the 
other tendon is functional (type II), a tenodesis 
between the two peroneal tendons is performed proxi-
mal and distal to the tear, carefully considering the 
location of the anastomosis in order to avoid a new 
stenosis. If both tendons are non-functional (type III), 
a reconstruction is indicated, using a tendon graft 
(semitendinous) or a tendon transfer (usually FDL to 
peroneus brevis).

Peroneal tendon tears

Type I: both tendons intact 
or longitudinal tear < 50%

Debridement and 
tubularization

Type II: one tendon 
irreparable (multiple tears or 

severe tendinosis > 50%) and 
the other tendon functional

Tenodesis

Type III: both tendons
non-functional and 

irreparable

IIIa: no excursion
of proximal 

muscle. 

Tendon transfer

IIIb: excursion of 
proximal muscle.

Tendon graft

Fig. 24.3 Peroneal tears treatment algorithm (Original Redfern and Myerson modified)
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 – Tendoscopy. Technically demanding procedure that 
requires extensive experience in arthroscopic manage-
ment of small joints [21]. Some authors have published 
their own experience in peroneal tenodesis using tendos-
copy to identify the tears, while avoiding larger incisions, 
with excellent results [21, 22].

Postop, rehab. and back to sports Postop includes early 
range of motion and 3 weeks nonweight bearing,

Many studies have suggested that most patients can 
return to the same level of activity they had before the 
injury, but in the study by Steel and DeOrio [23], only 46 % 
could return to sports. The patient’s gender, body mass 
index, length of time between onset of symptoms or identi-
fiable injury and operative treatment, and the use of absorb-
able or nonabsorbable sutures in the tendon did not affect 
the ability to return to sports. Older age and corrective cal-
caneal osteotomy had a negative effect on a patient’s ability 
to return to sports [23].

Evidence To date all studies outlining the management of 
peroneal tendon tears are either retrospective reviews (Level 
IV evidence) or case reviews (Level V evidence). Therefore 
there’s insufficient evidence to recommend for or against any 
specific treatment (Grade I) [1].

 Subluxation/Dislocations

Results from disruption of the SPR and usually 
involves avulsion of the retinaculum from the lateral mal-
leolus. Most of these injuries occur in young, active 
patients.

 Etiology and Pathomechanism

Inversion injury to the dorsiflexed ankle with concomitant 
forceful reflexive contraction of the PL and PB tendons. 
Subluxation of the peroneal tendons leads to longitudinal 
tears over time, which usually involves PB at the fibular 
groove. There are a number of associated conditions to this 
pathology such as tears of the peroneus brevis and or longus 
(longitudinal tears are more common than transverse), inad-
equate groove for the peroneals in the posterolateral fibula 
(flat or convexe groove), low-lying PB muscle belly, pero-
neus quartus, hindfoot varus and lateral ankle instability.

 Symptoms

Clicking, popping and feelings of instability or pain on the 
lateral aspect of the ankle, especially in dorsiflexion move-
ment or exercises.

Diagnosis Patients report they felt a pop with a dorsiflexion 
ankle injury. Upon examination, we find a swelling posterior 
to the lateral malleolus and tenderness over the tendons. 
Sometimes we can see a “Pseudotumor” over the peroneal 
tendons. With active dorsiflexion and evertion manoeuvre 
the patient can voluntarily subluxate the tendons and a pop-
ping sound can be felt.

 Provocation Tests

• Dorsiflexion standing test: Subluxation or dislocation of 
the peroneal tendon through the dorsiflexion of the ankle 
joint while the patient is standing on both legs and flexing 
slowly the knees down.

• Apprehension test. Forceful eversion and dorsiflexion of 
the ankle combined with palpation of the tendon may pre-
cipitate tendon subluxation during examination.

• Compression test. Pain with passive dorsiflexion and 
eversion of the ankle.

 Imaging

Radiographs. Best recognized on an internal rotation AP 
view of the ankle, a radiograph might show a cortical avul-
sion off the distal tip of the lateral malleolus (rim fracture).

Saltzman hindfoot view to evaluate for hindfoot varus.
MRI: Best evaluated with axial views of a slightly flexed 

ankle. Can demonstrate anatomic anomalies leading a 
pathology: peroneus quartus muscle, low-lying peroneus 
brevis muscle belly, shape of the fibular groove, status of the 
SPR and tears in the peroneal tendons.

Fig. 24.4 Debridement and tubularization in a Type I PB tear
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 Classification

Acute dislocation occurs by sudden forced dorsiflexion 
with concomitant eccentric contraction of the peroneal 
muscles.

Chronic peroneal tendon dislocation is often associated 
with recurrent ankle sprains, which lead to incompetency of 
the SPR, and subsequent tendon subluxation. Eckert and 
Davies classified SPR pathology in chronic dislocations into 
three types [1]:

Grade I: SPR is partially elevated off of the fibula allowing 
subluxation of both tendons.

Grade II: fibrocartilaginous ridge elevated from the fibula 
with the SPR.

Grade III: cortical fragment avulsed with the SPR.
Grade IV: The SPR is torn from the calcaneus, not the 

fibula.

More recently, Raikin et al. [24] described a new sub-
group of peroneal tendon instability that they called intra-
sheath subluxation; these patients described tenderness of 
the peroneal tendons behind the fibula without a clinically 
reproducible dislocation, and a palpable and painful click-
ing during active maximum eversion and dorsiflexion of the 
foot and ankle. There is no injury of the SPR, and this clini-
cal entity includes a flat or convex peroneal groove, a low-
lying PB muscle or the presence of a peroneus quartus. 
They also describe two subtypes: Type A: with intact ten-
dons and Type B: with a longitudinal split of the PB 
tendon.

 Therapy

• Conservative.
Short leg cast immobilization or walker with the foot 

in neutral to slight inversion for 6 weeks is indicated in 
acute cases: may allow the SPR to adhere to the postero-
lateral aspect of the fibula.

Indications: all acute grade I and possibly grade III 
injuries in nonprofessional athletes. Technique: tendons 
must be reduced at the time of casting.

Outcomes: success rates are only marginally better 
than 50 % [2].

• Surgery. Surgical treatment is required to correct 
chronically subluxating or dislocated peroneal tendons 
or in acute injuries of professional athletes. If disloca-
tion is diagnosed early, acute repair of the SPR may be 
beneficial, however, operative intervention often occurs 
later. Prior to any reconstructive surgery, hindfoot 
varus deformity or lateral ankle instability must be 
addressed also.

• Open procedures:
 – Acute repair of SPR and deepening of the fibular 

groove:
Indications:

Acute tendon dislocation in athletes who 
desire a quick return to a sport or active 
lifestyle.

Presence of a longitudinal tear.
 – Surgical options for chronic dislocation can be 

grouped into five categories (in recommended 
order):
 1. SPR retinaculum repair. Is the most anatomic pro-

cedure to perform but sometimes is impossible.
 2. Direct and indirect groove-deepening procedures.
 3. Bone block procedures.
 4. Tendon rerouting.
 5. Soft-tissue transfer. Soft-tissue transfers have been 

described in the literature to reinforce the SPR: 
Achilles tendon, PB, plantaris.
Indications:

Chronic/recurrent dislocation.
Technique:

Less able to reconstruct SPR so treatment 
focuses on other aspects of peroneal 
stability.

Typically involves groove-deepening in 
addition to soft tissue transfer or bone block 
techniques (osteotomies to further contain the 
tendons within the sulcus).

• Tendoscopy. Vega et al. [25] described the use of tendos-
copy using the portals described by Van Dijk and Kort 
[12], in a series of six cases of intrasheath subluxation 
they reported excellent functional results with a deepen-
ing of the groove in all the patients without space- 
occupying conditions (peroneus quartus, low-lying 
muscle belly or both) and just removing theses conditions 
when they do exist, without repairing the SPR. Although 
most of the published studies report satisfactory results 
with open surgery procedure, we find the use of tendos-
copy particularly helpful in this subgroup because mor-
bidity and pain are lower and patient recovery is faster.

 Postop, Rehab. and Back to Sports

After surgery, the ankle is maintained for 4 weeks in a non- 
weight bearing cast, followed by 2 weeks in a weight- bearing 
cast or walker. During immobilization, cardiovascular condi-
tioning is performed along with proximal muscle strengthen-
ing. The first few physical therapy treatments are designed to 
help control pain and swelling from the surgery. Ice and 
 electrical stimulation treatments may be used. The therapist 
may also use massage and other hands-on treatments to ease 
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muscle spasm and pain. Soft tissue mobilization around the 
scar site can be employed to increase the soft tissue mobility 
[9]. Treatments are also used to help improve ankle range of 
motion by progressive resistance and ROM exercises with-
out putting too much strain on the area. Active and resisted 
dorsiflexion and eversion are prevented during the early 
rehabilitation phase to reduce stress on the SPR (approxi-
mately 6–8 weeks) [9]. Talar mobilization exercises and 
active dorsiflexion and eversion begin when the patient can 
bear weight without pain [9]. The progression of resisted 
strengthening, proprioception and agility exercises is initi-
ated when the patient can bear weight without pain and with-
out brace. As strength and proprioception improve, the 
patient can progress through plyometric and functional activ-
ities that lead to a return to competition [9, 26].

 Evidence

Most of the literature regarding peroneal subluxation/disloca-
tion consists of retrospective case series (Level IV evidence), 
case reports (Level V evidence), and cadaver studies [1].

 Summary

 1. Peroneal tendon pathology is an undervalued source of 
lateral foot and ankle pain in athletes and can be difficult 
to distinguish from other lateral ankle injuries. There are 
three broad categories of peroneal tendon pathology: 
peroneal tendinitis/tendinopathy, peroneal tendon tears, 
and peroneal subluxation/dislocation.

 2. Space-occupying conditions such as low-lying muscle 
belly of the peroneus brevis or peroneus quartus, ankle 
instability, hindfoot varus, or pes cavovarus must be ruled 
out in all the cases. Proper conservative treatment is effec-
tive in athletes with tendinopathy.

 3. Gross symptomatic ruptures or subluxation/dislocations 
should be surgically treated in order to return to their pro-
fessional activity level.

 4. Peroneal tendons reconstructions might be accompanied 
by other surgeries: ankle ligament reconstruction, calca-
neal osteotomy (lateral sliding/Dwyer), etc.
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Anterior Tibial Tendon Lesion

Ahmed Nabil Abdulazim, Victor Valderrabano, 
and Jochen Paul

Abstract

Ruptures of the anterior tibial tendon are quite rare but unfortunately still often missed. 
Most cases are caused by a degenerative process and only a small number of cases is caused 
by direct trauma or laceration. The main symptoms of an anterior tibial tendon rupture are 
swelling, mild pain, a weakened dorsiflexion, equinovalgus foot deformity and as an end- 
stage even a complete drop foot. However, in most cases the specific history in combination 
with the physical examination will lead to the diagnosis of anterior tibial tendon rupture. 
The treatment is dependent on several factors as aetiology, period of time to the onset of 
symptoms, age and level of activity. Surgical treatment is performed in selected cases, as 
described in the article, and a direct reinsertion or end-to-end suture of the tendon should be 
performed when possible. In difficult cases with delayed diagnosis, or initially misdiag-
nosed cases, a gracilis autologous tendon graft with tunnel-fixation to the medial cuneiform 
might be necessary to restore physiological biomechanics and gait patterns.

Keywords

Anterior tibial tendon • Tendon ruptur • Drop foot • Tendon reconstruction

 Anatomy

The anterior tibial tendon originates from the proximal half 
of the anterior tibia, the lower lateral tibial condyle and the 
interosseus membrane and inserts on the medial plantar 
aspect of the first cuneiform and the base of the first metatar-
sal. Three different patterns of insertion are reported [1]: (1) 
the tendon inserts into the medial cuneiform and the base of 

the first metatarsal (68 %). (2) the tendon inserts only into the 
medial aspect of the first cuneiform (25 %). (3) the tendon 
inserts into the cuneiform and the first metatarsal with an 
additional accessory tendon that inserts into the base of the 
first metatarsal (7 %). The anterior tibial tendon is innervated 
by the deep peroneal nerve and serves as the main dorsiflexor 
of the ankle but also aids in inversion and controlled plantar 
flexion of the foot [2]. The anterior tibial tendon passes 
beneath the superior and the inferior extensor retinaculum. 
An avascular zone can be found where the tendon passes the 
retinacula which explains why the risk of tendon rupture is 
highest in this area about 2 cm proximally of insertion [3].

 Etiology and Pathomechanism

Spontaneous ruptures of the anterior tibial tendon are very 
rare and often associated with a long history of systemic dis-
ease such as polyarthritis, diabetes or gout [4]. They usually 
occur in men between the fifth and seventh decade [5]. 
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Histological examination showed that in these cases tendons 
were already degeneratively altered supporting an acute-on- 
chronic rupture mechanism [6]. Other causes of spontaneous 
rupture are local steroid injections [6], chronic wear from an 
underlying exostosis or rubbing against the edge of the infe-
rior extensor retinaculum [7] or in association with a decom-
pensated flatfoot deformity [8]. Traumatic ruptures of the 
anterior tibial tendon are more common in younger and 
physically more active patients. A forced or excessive plantar 
flexion against a contracted anterior tibial muscle can cause 
rupture even in a healthy tendon [5]. Because of its proximity 
to the distal tibia the anterior tibial tendon is also susceptible 
to rupture due to fracture of the distal tibia or laceration in 
this area. Therefore in cases of open fractures or laceration a 
surgical exploration of the wounds should be performed to 
assess the integrity of the anterior tibial tendon.

 Symptoms

The main symptoms of an anterior tibial tendon rupture are 
swelling, mild pain, a weakened dorsiflexion, equinovalgus 
foot deformity and as an end-stage even a mechanical com-
plete drop foot. Patients may report of difficulties walking on 
uneven ground.

 Diagnostics

In most cases history and physical examination will lead to 
the diagnosis of anterior tibial tendon rupture. The examina-
tion in a pre-rupture phase does not always show a palpable 
defect at the rupture site due to the swelling. In a rupture 
phase the retracted ruptured tendon can often be palpated as 
a prominent stump at the level of or above the ankle joint. 
Dorsiflexion is weakened compared to the contralateral side. 
The patients are usually unable to walk on the heel. During 
gait patients try to compensate the lack of dorsiflexion in the 
swing phase by using greater knee flexion, the extensor hal-
lucis longus and the extensor digitorum longus [9]. Following 
a direct trauma or laceration X-rays should be done to assess 
possible fractures or osseus avulsion of the tendon. Magnetic 
resonance imaging (MRI) is the first choice of imaging in 
ruptures of the anterior tibial tendon [10].

 Therapy

Ruptures of the anterior tibial tendon are very rare but can 
cause substantial functional deficits. If not treated, they can 
result in gait disturbance and flatfoot deformity. Generally, 
ruptures can be treated conservatively or surgically. Common 
recommendations support the surgical treatment for younger 

patients as well as athletes and physically active patients. 
Older patients with low physical demands might be treated 
conservatively. However, recent studies show that age is not 
a valid factor for choosing different types of treatment [11]. 
But still to date there is no evidence whether surgical or con-
servative treatment should be preferred.

 Conservative Treatment

Conservative treatment is suggested in older patients with 
low physical demands and in delayed diagnosis of more 
than 3 months [1]. Also patients with severe comorbidities 
(e.g. peripheral arterial disease) should be treated 
 conservatively [12].

Treatment includes the use of ankle foot orthoses that pre-
vent over-plantarflexion and allow active dorsiflexion. With 
time the retracted tendon becomes adherent around the ankle 
which leads to variable loss of dorsiflexion motion and 
strength. Depending on the compliance of the patient rela-
tively good results can be achieved. Although not obtaining 
full functional recovery the results may be acceptable in 
older patients. Markarian et al. found no significant differ-
ence in the conservative and surgical treatment of older 
patients [13].

 Surgery

Several techniques for the surgical treatment of anterior tib-
ial tendon ruptures are described. Choosing the right tech-
nique depends on several factors: acute vs. chronic rupture, 
retraction of the tendon, site of rupture and amount of defect 
of the tendon.

In cases of acute rupture a direct repair is recommended. 
As most ruptures occur 2–3 cm proximally of the insertion in 
most cases an end-to-end suture of the tendon edges can be 
performed. In cases of avulsion or detachment from its inser-
tion a bony reattachment in the cuneiform using a suture 
anchor or transosseous attachment is recommended. In cases 
of delayed diagnosis with a retracted anterior tibial tendon an 
end-to-end repair might not be possible. Treatment options 
then include reconstruction with a sliding graft or a free 
allograft. When using a sliding graft the proximal end of the 
ruptured tendon is found and half of the width of the anterior 
tibial tendon is harvested and transferred distally. In cases of 
severe retraction or when bridging a larger gap a free allograft 
should be used. Preferred tendons are the plantaris longus 
tendon, the gracilis tendon (preferred autologous graft of the 
authors of this chapter) or the semitendinosus tendon. The 
desired graft is harvested. A 4.5 mm drill hole is placed in the 
medial cuneiform and the graft is passed through the drill 
hole. Both ends of the graft are then sutured to the proximal 
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end of the anterior tibial tendon by placing the ankle in dorsi-
flexion and inversion. The distal stump rest of the ruptured 
anterior tibial tendon is over-sutured to the graft.

 Authors’ Preferred Surgical Technique

We chose to perform the reconstruction of a ruptured and 
retracted anterior tibial tendon using a free gracilis autograft 
(Fig. 25.1):

 1. The patient is placed in a supine position. A thigh tourni-
quet is applied.

 2. A longitudinal incision is made over the ruptured tendon 
medially from the level of tendon retraction to the medial 
aspect of the cuneiform.

 3. The ruptured tendon is identified proximally and distally 
(Fig. 25.1a) and both stumps are debrided.

 4. The gracilis tendon is harvested using a tendon 
stripper.

 5. A 4.5 mm drill hole is placed through the medial cunei-
form dorsoplantar.

 6. The gracilis tendon is pulled through the medial cunei-
form drill hole and, with the ankle in dorsiflexion and 
inversion, sutured to itself and to the debrided proximal 
anterior tibial tendon stump (Fig. 25.1b).

a b

c d

Fig. 25.1 Anterior tibial tendon reconstruction with gracilis tendon 
graft. A 59 year old patient reported to our outpatient clinic after receiv-
ing a direct hit to his left ankle 2 months ago during windsurfing. 
Physical examination showed a steppage gait due to restricted dorsiflex-
ion. The anterior tibial tendon could not be palpated. The MRI of the 
left foot/ankle revealed a complete rupture of the anterior tibial tendon. 
The patient was assigned to surgical treatment. We performed a recon-
struction of the anterior tibial tendon using a free autologous gracilis 
tendon graft. The tendon was very much retracted (a). The gracilis graft 
was passed through a drill hole in the cuneifom and sutured to the 

 proximal end of the ruptured anterior tibial tendon (b, c). The histologi-
cal analysis of the stump biopsy shows mucoid degeneration and 
inflammation infiltration of the ruptured tendon (d). Postoperatively the 
patient was placed in a below knee walker with partial weight bearing 
allowed. After 6 weeks weight bearing was gradually increased and 
physiotherapy was initiated. At 6 months after surgery walking was 
almost back to normal. A slightly restricted as well as a weakened dor-
siflexion remained. At 1 year after surgery the patient was pain free and 
was able to go hiking and perform low impact sports without 
restriction
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 7. The distal stump of the ruptured anterior tibial tendon is 
then sutured to the gracilis graft as augmentation 
(Fig. 25.1c).

 8. Subcutaneous and cutaneous sutures; dressing; intraop-
erative cast in neutral dorsi-/plantarflexion.

 Rehabilitation and Back to Sports

Two days postoperative the dressing is changed and the 
patient is mobilized with a walker or a below knee cast for 6 
weeks with the ankle in neutral position with partial weight 
bearing allowed. Important is also a neutral dorsi-/plan-
tarflexion night splint or cast. After 6 weeks a special protec-
tive shoe is used and weight bearing is gradually increased. 
Physiotherapy is started with mild exercises to restore ankle 
mobility. After 12 weeks full weight bearing is allowed. 
Physiotherapy is intensified to further improve ankle mobil-
ity and strengthen the crural muscles. Returning to sports is 
not allowed until 4–6 months after surgery.

 Evidence

To date there are no long term prospective studies on the surgi-
cal vs conservative treatment of anterior tibial tendon ruptures. 
However, recent studies seem to favour the surgical treatment 
in acute as well as chronic ruptures ([11], Level IV). 
Conservative treatment is mostly recommended in older 
patients with a low level of activity. Non traumatic ruptures in 
these patients are often misdiagnosed causing a delay in treat-
ment and making surgery even more difficult ([9], Level IV). 
Even with early diagnosis conservative treatment can result in 
long term pain and flat foot deformity ([14], Level IV). In the 
largest series of surgical treatment to date 19 anterior tibial ten-
don ruptures were examined ([5], Level IV). The authors found 
that the average AOFAS improved from 55.5 points preopera-
tively to 93.6 points postoperatively supporting the surgical 
treatment. However, reported complications after surgical 
treatment include adhesions, wound healing problems, bow-
stringing and infections. Even with surgical treatment there might 
remain a weakened dorsiflexion and restricted ankle mobility.

 Summary

 – Ruptures of the anterior tibial tendon are rare and often 
missed.

 – In most cases the rupture occurs due to a degenerative 
process and only in few cases because of direct trauma or 
laceration.

 – Treatment is dependent on age and level of activity: 
 low- demand elderly patients conservatively; younger 
patients, athletes and physically active patients 
surgically.

 – When surgical treatment is chosen a direct reinsertion or 
end-to-end suture of the tendon should be performed 
when possible.

 – In cases with delayed diagnosis and retracted anterior 
tibial tendon a gracilis autologous tendon graft with 
tunnel- fixation to the medial cuneiform is the authors’ 
treatment of choice.
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Flexor Hallucis Longus Tendon

May Fong Mak and Mathieu Assal

Abstract

Athletic disorders of the flexor hallucis longus (FHL) tendon primarily afflict dancers and 
tend to be overuse injuries. The commonest symptom is posteromedial ankle pain, arising 
from FHL disease in the unyielding fibro-osseous tunnel at the posterior talus. Less com-
mon sites are the knot of Henry in the midfoot and intersesamoid area in the forefoot. A 
high degree of suspicion is necessary to distinguish FHL pathology from co-existing clini-
cal entities, since the FHL is intimately related with various other structures in its course. 
Conservative treatment focuses on FHL stretching exercises. Surgery is reserved for ath-
letes with debilitating symptoms refractory to nonoperative measures. Open and arthroscopic 
approaches each have advantages and disadvantages, however no consensus exists regard-
ing the superiority of one over the other. Rehabilitation cornerstones are neuromuscular 
re-education, rectifying faulty sport technique, and physical conditioning to minimize 
recurrence.

Keywords
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 Introduction

Disorders of the FHL tendon most commonly afflict athletes 
who repeatedly and forcefully axial load their ankles in 
hyperplantarflexion or pushoff with their forefoot [1, 2]. 
Athletic injury of the FHL is primarily seen in dancers, hence 
the term, “dancer’s tendonitis” [3]. Classical ballet dancers 
who perform in the “demi pointe” (standing high on the ball 
of the foot) and “en pointe” (standing on the tips of the toes) 

positions form the typical athlete population at risk of FHL 
disorders [4–13]. FHL injuries are less common in non- 
dancers, for example, long-distance runners [14–17], soccer 
players [15, 18], platform divers [19], tennis players [15, 20], 
gymnasts [2], ice skaters [2], and swimmers [2].

 Anatomy

The FHL originates from the posterior border of the distal 
two-thirds of the fibula and interosseous membrane. From its 
location in the deep posterior compartment of the leg, the 
FHL courses distally and becomes myotendinous just before 
it enters the fibro-osseous tunnel between the medial and lat-
eral tubercles in the posterior part of the talus. The FHL then 
abruptly changes direction medially and passes under the 
sustentaculum tali. Next, it enters the midfoot where it 
crosses and binds to the flexor digitorum longus (FDL) at the 
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master knot of Henry [21]. The FHL then continues deep to 
the soft tissue pulley formed by the intersesamoid ligament 
connecting the sesamoids, and finally inserts into the plantar 
aspect of the base of the distal phalanx of the hallux.

The posterior tibial and medial plantar arteries supply the 
FHL. Two avascular zones exist where the tendon glides 
around the talus and runs between the sesamoids. The poor 
peri- and intratendinous local blood supply have been impli-
cated in degeneration and rupture of these segments of ten-
don [22].

 Biomechanics and Function

The FHL, innervated by the tibial nerve, primarily functions to 
plantar flex the first metatarsalphalangeal (MTP) and interpha-
langeal (IP) joints. It is also a secondary torque producer at the 
ankle-subtalar joint [23–25]. In the normal terminal stance phase 
of gait, active plantar flexion of the hallux by the FHL resists the 
dorsiflexion force exerted on the forefoot by the ground. This 
counteraction moment produced by the FHL serves to stabilize 
the hallux and medial column of the foot for load to transfer 
through it during the push-off phase [26–28]. Therefore, the FHL 
is believed to have a role in determining the extent and pattern of 
forefoot loading during locomotion [29–31].

 Types of Pathology

FHL pathology in ballet dancers are thought to represent an 
overuse phenomenon whereby repetitive microtrauma leads 
to micro-and macroscopic tissue damage [3, 7]. It is less 
commonly due to a single traumatic event [32]. A continuum 
of disease that includes tendinitis, tenosynovitis, pseudocyst, 
fusiform tendon thickening (nodularity) causing triggering, 
muscle hypertrophy, mucoid degeneration, fibrosis, partial 
longitudinal tear, and complete rupture have been described 
[3, 7, 8, 11, 15, 33].

The fibro-osseous tunnel in the hindfoot, Henry’s knot in 
the midfoot, and intersesamoid space in the forefoot are poten-
tial FHL entrapment sites as the tendon is bound at these loca-
tions by unyielding retinaculum [2]. Commonest site of FHL 
tenosynovitis in dancers is at the posteromedial ankle, where 
the FHL myotendinous junction enters its fibro- osseous tunnel 
[3]. Hypotheses for the high incidence of problems here 
include the abrupt change in vector of the tendon at the poste-
rior talus, local avascularity of the tendon segment [22], distal 
encroachment of the low-lying FHL muscle belly into the con-
straining fibro-osseous tunnel causing entrapment [2], friction 
against the os trigonum [32] and structural mismatch between 
the FHL and its tunnel causing FHL compression when the 
foot is in accentuated plantar flexion [7, 11]. FHL tenosynovi-
tis at the knot of Henry [3] and the intersesamoid area [34, 35] 
are uncommon in dancers.

 History and Physical Examination

The dancer with FHL pathology most commonly presents 
with insidious onset of pain at the posteromedial ankle, 
often aggravated when rising on the forefoot or standing on 
the tips of the toes [15]. Rest may relieve pain initially, 
however it often increases in severity and frequency as 
training progresses. Depending on the location of FHL dis-
ease, the dancer may experience pain under medial longitu-
dinal arch or under the first metatarsal head. Pain, however, 
may not be the predominant symptom. The dancer may 
report of difficulty in performing specific routines, for 
example jumping and landing, and pointing and stretching 
the leg in a straight line [15]. Other symptoms include 
swelling posterior to the medial malleolus, snapping and 
triggering of the great toe if a nodule is present, and tight-
ness of the MTP or IP joints in “pseudo hallux rigidus”, a 
condition caused by reduced distal excursion of the FHL 
tendon as a result of nodular tenosynovitis occurring at the 
leading edge of fibro-osseous tunnel [2, 36]. In a study 
comparing dancers with nondancers with FHL symptoms, 
dancers were found to experience three times as long dura-
tion of symptoms than nondancers [15].

In the clinical examination, the FHL should be directly 
palpated at four different sites to elicit tenderness, crepi-
tus, or nodular thickening [36]. The sites are medial retro-
malleolar, inferior to the ridge of the sustentaculum tali, 
plantar to the navicular and medial cuneiform in the mid-
foot, and between the sesamoids [2]. Maintaining local 
pressure on a tender point whilst passively moving the 
great toe helps to isolate the finding to the FHL tendon. If 
there is reduced dorsiflexion at the first MTP joint, the 
FHL stretch test should be performed to assess if the FHL 
is accountable for this restriction. In this test, the great toe 
is dorsiflexed while the ankle is first positioned in maximal 
plantar flexion, and then in dorsiflexion. A decrease in 
MTP joint dorsiflexion to less than 20° with the ankle dor-
siflexed is a positive test [2].

The passage of the FHL tendon is intimately related with 
that of the os trigonum, posterior tibial tendon, FDL tendon, 
plantar fascia, and MTP joint. It is important to exercise 
good clinical judgment to accurately diagnose FHL disor-
ders from the other commonly injured structures, particu-
larly when signs and symptoms overlap when the clinical 
entities coexist.

 Imaging

Ankle and foot weight bearing radiographs may reveal bony 
sources of pain, for example, the presence of os trigonum in 
posterior impingement syndrome, os navicularis, hallux rigi-
dus, and pes planovalgus in context of posterior tibial tendon 
dysfunction pain.
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Further to radiographs, magnetic resonance imaging 
(MRI) may be valuable to establish FHL pathology if the 
clinical diagnosis is unclear, or help to direct surgical inter-
vention. Excess fluid surrounding the FHL tendon in tenosy-
novitis is recognized as increased signal on T2-weighted MR 
images [37, 38]. It is important to remember that in asymp-
tomatic individuals, the FHL sheath may contain small 
amounts of fluid as the sheath is in continuity with the ankle 
joint [32, 37]. Other MRI findings include tendon swelling, 
split tears, and complete ruptures.

 Management

 Nonoperative

Athletes with FHL tenosynovitis should first undergo a 
regime of nonoperative treatment lasting for up to 6 months 
[1]. Flexibility of the FHL may be increased through repeti-
tive and progressive sets of dorsiflexion exercises at the ankle 
and first MTP joints. If symptoms do not improve after  
6 weeks, night splinting is introduced to prevent FHL con-
tracture. Full-time immobilization may be necessary if 
stretching and night splinting have failed. Oral non-steroidal 
anti-inflammatory drugs should be introduced from the start 
of treatment [2]. Local infiltration of corticosteroids into the 
tendon sheath and oral steroids should be avoided [2, 36]. 
Every effort should be made to avoid specific pain- 
exacerbating motions during training. Unfortunately, conser-
vative treatment has been shown to be ineffective in 40–100 % 
of cases [4, 7, 15, 39].

 Operative

Surgery is indicated when all conservative measures have 
failed to sufficiently improve the athlete’s symptoms for 
return to full activity. The type of surgery should be based 
upon FHL pathology, anatomic site, coexisting pathology, 
and surgeon’s familiarity. In general, the components of sur-
gery are tenosynovectomy, tendon debridement and repair, 
and release of constriction; aimed at accomplishing pain 
relief and full return to sports.

In terms of technique, open or arthroscopic approaches 
may be considered.

As FHL tenosynovitis most commonly originate at the 
fibro-osseous tunnel, different open approaches to this ana-
tomical region have been described. The widely used medial 
approach enables direct visualization of the contents of the 
tarsal canal, hence the tibial nerve and posterior tibial artery 
can be isolated and retracted during FHL decompression at 
the posteromedial ankle [3, 7–9, 11, 13, 15, 36]. In this 
approach, it is possible to perform the FHL release very dis-
tally to the level of the sustentaculum tali [8]. The posterior 

approach is excellent for exposure of the proximal part of the 
fibro-osseous tunnel, allowing for any impinging structures 
in the posterior ankle, for example, the os trigonum, to be 
addressed directly. This safe approach avoids dissection of 
structures medial to the FHL thereby minimizing their risk of 
injury, and avoids iatrogenic sural nerve problems since the 
approach starts medial to the Achilles tendon [2].

In posterior ankle arthroscopy, two portals are created 
medial and lateral to the border of the Achilles tendon at 1 cm 
proximal to calcaneal tuberosity. Normally, the lateral portal 
is for visualization with a 4.0 mm, 30° arthroscope, and the 
medial portal is the working portal [32]. There is significant 
risk to the sural nerve and its lateral calcaneal branch when 
creating the posterolateral portal [1]. Conversely, the medial 
neurovascular bundle is in danger if instruments are not 
directed laterally when utilizing the posteromedial portal. 
One study demonstrated that debridement, os trigonum exci-
sion, and FHL decompression can be accomplished with 
arthroscopy to yield results that are good to excellent in 80 % 
of patients with posterior ankle impingement [40].

The benefits and risks of open versus arthroscopic surgery 
continue to be debated. Proponents of arthroscopic treatment 
of FHL tenosynovitis believe that the minimally invasive 
technique allows good visualization and is effective in pro-
ducing good results [32]. Potential benefits include decreased 
wound complications and earlier return to work and sports 
[1, 40]. However, hindfoot arthroscopy is technically 
demanding and associated with operative morbidities that 
include iatrogenic injury to the FHL tendon and neurovascu-
lar structures, and incomplete release of the distal end of the 
FHL fibro-osseous tunnel [1]. The open approach is gener-
ally believed to be reliable and safer. In one series, all patients 
who underwent open FHL release and synovectomy had sig-
nificant improvement within the first 6 weeks and no compli-
cations [2]. In another study, 23 out of 26 patients who had 
open FHL release and repair had good to excellent results 
[15]. Complications of open surgery are usually wound- 
related, with a rate of nearly 17 % reported in one study [8].

 Rehabilitation

Injuries in dancers are believed to stem from a synthesis of 
incorrect technique, dysfunctional foot and ankle biome-
chanics, and other specific risk factors [13]. Recognition and 
correction of these contributing factors are fundamental. 
Neuromuscular re-training is paramount and ideally deliv-
ered by a multi-disciplinary team comprising an orthopaedic 
surgeon, a sports medicine physician, sports physiotherapists 
and podiatrists, and with involvement of the athlete’s trainer.

The postoperative athlete will benefit from sport-specific 
rehabilitation to optimize his or her surgical outcome. In 
general, following FHL release, the patient may bear weight 
as tolerated in a removable walking boot for 2 weeks. In the 
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next 3 weeks, the patient should start active and passive 
motion exercises to increase FHL flexibility, with resistance 
strength training following on closely. In the subsequent  
4 weeks, the patient should begin neuromuscular exercises 
comprising balance, proprioception, co-ordination, and gait 
training. By postoperative week 10, the patient may consider 
gradual return to sports.

 Prevention

The literature is scarce pertaining to prevention of FHL over-
use injuries in the athlete. The athlete, trainer, and healthcare 
professionals should have precise understanding of the sport 
and awareness of common injuries specific to the sport. 
Collaborative efforts to address technical pitfalls in the 
 athlete’s day-to-day training regime, and adopt correct phys-
ical conditioning including maintenance of full range of joint 
motion, muscle power, balance, coordination, and general 
fitness, are fundamental in injury prevention [41, 42].

 Summary

FHL disorders tend be overuse injuries that afflict dancers, 
but may also occur after trauma, and in non-dance athletes. 
Posteromedial ankle pain is the commonest symptom, aris-
ing from FHL disease within the fibro-osseous tunnel of the 
hindfoot. A high degree of suspicion will aid in differentiat-
ing FHL disease from other co-existing pathology. 
Conservative treatment focuses on FHL stretching. Surgery 
is reserved for athletes whose symptoms are disabling and 
refractory to nonoperative measures. Open and arthroscopic 
approaches each have advantages and disadvantages, but 
there is still no consensus regarding the superiority of one 
over the other. Cornerstones of rehabilitation are neuromus-
cular re-education, addressing faulty sport technique, and 
correct physical conditioning to minimize recurrent injuries.
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Acute Ankle Instability/Ankle  
Sprains in Athletes

Travis J. Dekker, Alexander J. Lampley, 
Jonathan A. Godin, and Mark E. Easley

Abstract

Ankle ligament injuries are common amongst athletes. Low ankle sprains typically involve 
the anterior talofibular ligament and the calcaneofibular ligament while high ankle sprains 
involve the syndesmosis. These injuries present with focal tenderness, swelling over the 
involved ligaments, and pain with weight bearing. Specialized physical exam maneuvers 
and radiographic imaging can aid in the diagnosis of these injuries. Non-operative manage-
ment includes immobilization followed by stretching, proprioception training and peroneal 
strengthening. Furthermore, ankle braces and proprioception training prevent repeat injury. 
Surgical management includes multiple procedures ranging from ankle arthroscopy to ana-
tomic reconstruction.
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 Introduction

Injuries to the ankle are the most common reason for missed 
participation in athletics, accounting for 14 % of all sports 
injuries [1]. Moreover, ankle ligament sprains are the most 
common injury in college athletes, and soccer, volleyball, 
basketball and long distance running demonstrate the highest 
injury prevalence [2]. The most common ankle injury is a 
sprain to the lateral ankle ligamentous complex, which 
involves the anterior talofibular ligament (ATFL) and calca-
neofibular ligament (CFL) with more severe injuries extend-
ing into the posterior talofibular ligament (PTFL). High 
ankle sprains, those that extend into the syndesmosis, are 
commonly seen in sports requiring the ankle to be held in a 
fixed position, such as skiing or hockey [3, 4]. These are 
encountered less often with stated incidence of 15 high ankle 

sprains per 100,000 per year [1]. Financial ramifications 
exist due to loss of playing or work time along with the 
extensive associated medical costs [5]. Ankle sprains lead to 
an array of disability ranging from pain, swelling and ecchy-
mosis to muscle weakness, decreased proprioception, inabil-
ity to bear weight, and even fracture [6]. Non-operative 
management consisting of immobilization followed by 
stretching, proprioception and peroneal strengthening 
remains the mainstay of care for the majority of patients with 
acute ankle instability [7]. Insufficient rehabilitation and 
inadequate treatment can lead to residual symptoms and, 
potentially, chronic ankle instability (CAI) and permanent 
disability [8, 9].

 Etiology and Pathomechanism

The lateral ligamentous complex consists of the ATFL, CFL 
and PTFL. The ATFL extends from the distal anteroinferior 
border of the fibula to the neck of the talus. The CFL extends 
from the fibula to the lateral tubercle of the calcaneus, and 
the PTFL runs from the digital fossa on the posterior aspect 
of the fibula to the lateral tubercle of the talus [5]. The ATFL 
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ranges from 20 to 25 mm long, 7–10 mm wide and 2 mm 
thick [10]. The ATFL prevents anterior displacement and 
internal rotation of the talus, most noticeably when the talo-
crural joint is plantarflexed [11]. The ATFL is universally the 
weakest ligament within the lateral ligamentous complex 
with reported loads to failure ranging from 138.9 to 300 N 
[12–15] Meanwhile, the PTFL is twice as strong with failure 
loads between 261-407 N, while the CFL demonstrates a 
load to failure between 307 and 345 N [12–15].

Due to its anatomic location and biomechanical character-
istics, the ATFL is the most commonly injured ligament in an 
inversion type ankle injury, which occurs when the foot is 
placed in a position of supination while the foot is plantar 
flexed [16]. Fuller further added that the injury occurs due to 
an increased supination moment at the subtalar joint, often a 
result of the position and magnitude of the vertically projected 
ground reaction force at initial foot contact [17]. Positioning 
of the foot can increase risk of sprain as well. Wright demon-
strated that plantar flexion increases the moment arm of the 
subtalar axis with resultant torque leading to increased risk of 
inversion injuries placing maximal strain on the lateral ankle 
ligaments [18]. Another proposed theory for lateral ankle 
sprains is based on the belief that the peroneal muscles do not 
have enough time to overcome the vertical ground reaction 
force, thereby causing the inversion force. Ashton-Miller et al. 
demonstrated peroneal muscle reaction time to be 50 ms with 
the vertical ground reaction force occurring within 40 ms [19]. 
Patients subjected to these forces are likely to be participants 
in indoor and court sports. Women sustain ankle sprains at 
nearly twice the rate of men (13.6 per 1000 exposures versus 
6.94 per 1000 exposures) [8]. Lastly, children and adolescents 
are more likely to sustain lateral ankle injury/inversion sprains 
than their adult counterparts [8].

The ankle syndesmosis consists of the anterior-inferior 
tibiofibular ligament (AITFL), interosseous ligament (IL), 
posterior-inferior fibular ligaments (PIFL), and inferior 
transverse tibiofibular ligament (ITFL) [20]. The lateral liga-
mentous complex, the ankle syndesmotic structures and the 
superficial and deep deltoid ligaments act to prevent diastasis 
of the fibula from the tibia. The AITFL originates at the lon-
gitudinal tubercle of the lateral malleolus and attaches to the 
anterolateral tubercle of the tibia. The PITFL originates on 
the posterior tubercle of the tibia and attaches to the posterior 
lateral malleolus. The inferior transverse ligament passes 
from the posterior tibial margin to the osteochondral junction 
on the distal fibula, thereby preventing posterior talar transla-
tion. The deltoid ligament complex prevents eversion of the 
subtalar joint. The interosseous membrane stabilizes the tibia 
and fibula, resisting posterolateral bowing of the fibula [21]. 
Stability is often difficult to first assess in the patient with a 
high ankle sprain. If all ligaments of this complex are dis-
rupted, then instability is clear and surgical intervention is 
required. However, if disruption of individual components of 

this complex, namely the anterior ligaments, is not present, 
then surgical intervention is not often needed [22].

Disruption of the syndesmosis is commonly linked to 
abrupt eversion injuries about the ankle. Often times, disrup-
tion of the syndesmosis occurs concurrently with a fracture of 
the fibula. The mechanism of injury is based on sudden exter-
nal rotation of the ankle while the foot is in a locked dorsi-
flexed position. This commonly occurs in sports requiring the 
participants’ foot to be locked in a boot, such as hockey or 
skiing. The first ligaments to fail are usually the AITFL and 
the superficial deltoid ligament, and a syndesmotic requires 
higher energy compared to a sprain localized to the lateral 
ligamentous complex [21]. This portends to long term dis-
ability, longer rehabilitation and delayed return to play.

 Symptoms and Diagnosis

Athletes often report an injury after “rolling” their ankle 
when taking an awkward step while running or landing after 
a jump. Acute disability varies from minimal pain about the 
lateral ankle with continued ability to perform their respective 
sport to complete disability with inability to bear weight or 
ambulate. Clinical signs of ecchymosis and edema localized 
to the lateral malleolus often aid in diagnosis of acute lateral 
ankle sprains [23]. Specific areas of tenderness may aid in 
diagnosis of specific ligamentous damage and should be well-
documented. In the most severe of inversion ankle sprains, 
peroneal nerve injury has been seen, often documented as a 
neuropraxia that resolves with time [24]. Multiple other 
sports related injuries mimic a routine lateral ankle sprain. A 
fracture of the anterior process of the calcaneus has been 
coined the “sprain fracture” as many of the symptoms seen 
with this injury are similar to those of a lateral ankle sprain. 
Furthermore, a complete work-up should rule out subtalar 
dislocation and avulsion fractures of the fifth metatarsal [23].

Numerous authors have documented various approaches 
to diagnosing and assessing a lateral ankle sprain. Harmon 
et al. described a set of rules to best assess a lateral ankle 
sprain: (1) Palpate bony structures, (2) palpate ligamentous 
structures, (3) assess range of motion, (4) test muscles of 
ankle and (5) perform special tests [25]. Fracture must first 
be ruled out; this is done by obtaining ankle x-rays and foot 
x-rays as guided by the Ottowa Ankle rules. The Ottowa 
Ankle rules have demonstrated 100 % sensitivity, and they 
state that radiographs should be obtained if: (1) tenderness is 
elicited about the distal 6 cm of the posterior aspect of the 
fibula or (2) tenderness is elicited about the distal 6 cm of the 
posterior aspect of the tibia or (3) there is an inability to bear 
weight immediately after injury or inability to bear weight 
for four steps in the Emergency Department [26]. Once 
 fracture has been ruled out, an anterior drawer test can be 
performed to aid in grading the severity of the sprain. 
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The anterior drawer is performed with the knee flexed ~20°, 
the hindfoot in neutral, and the ankle in neutral dorsiflexion 
while applying an anterior force about the heel to test ante-
rior translation of the talus. Laxity with respect to the contra-
lateral limb suggests ATFL injury. The CFL can be assessed 
by an inversion test, which determines the amount of talar tilt 
and pain present with the hindfoot inverted while the talocru-
ral joint is maintained in dorsiflexion [27].

Syndesmotic injuries demonstrate a different pattern of 
pain compared to a classic ankle sprain. As previously 
described, the patient will describe a vastly different mecha-
nism of injury with the primary driving force being eversion 
of the foot and ankle. Pain can be elicited by a squeeze test 
by compressing the fibula to the tibia in the proximal third of 
the lower leg. However, swelling is not a common finding in 
an isolated syndesmotic injury and can often lead to misdiag-
nosis [28, 29]. Pain can be seen localized to the AITFL along 
with difficulty in active or passive external rotation of the 
foot. The external rotation test is performed by using one 
hand to stabilize the foot and apply an external rotation force 
while the other hand is used to stabilize the leg. Pain about 
the syndesmosis and tibiofibular joint separation suggest a 
positive test. This test has been determined to be more spe-
cific than the aforementioned squeeze test [30]. Gait changes 
occur as well from a typical heel-toe pattern to a heel-raise 
gait pattern, which prevents dorsiflexion of the ankle and 
decreases pain with push-off [29].

Injury to the deltoid ligament can be seen frequently in the 
setting of syndesmotic injury. Pain with valgus stress to the 
hindfoot or tenderness to palpation of the medial malleolus 
necessitates stress radiography, on which 1 mm of syndesmo-
sis widening demonstrates instability [31]. Concurrent injury 
of both structures indicates a highly unstable ankle mortise 
that will require surgical stabilization. A simple AP radio-
graph can demonstrate injury to the syndesmosis utilizing cer-
tain measurements. With all measurements being obtained 
1 cm proximal to the joint line, tibiofibular overlap should be 
greater than 6 mm or more than 42 % of the width of the fibula, 
and the tibiofibular clear space should be less than 6 mm [32]. 
An undiagnosed unstable ankle joint has dire consequences 
predisposing the ankle to arthritis secondary to abnormal joint 
reactive forces, chronic pain and osteochondral lesions [22]. 
MRI is not necessary to diagnose acute ankle instability, 
though advanced imaging can be obtained when history and 
physical examination do not yield a clear diagnosis or when 
the physician is concerned about concomitant injury.

 Classification

Multiple grading schemes have been described in the set-
ting of acute lateral ligamentous ankle sprains. The 
Anatomic System divides the injury into three grades 

according to the ligaments that have been damaged. The 
American Medical Association Standard Nomenclature 
takes into account the severity of the injury to the individ-
ual ligaments [33]. Kaikkonen et al. devised a dynamic 
functional grading scheme. A performance test protocol 
with an associated scoring scale was based on three subjec-
tive responses, two clinical measurements of the ankle, two 
muscle strength tests, one functional stability test and one 
balancing test. This scheme is practical for clinical evalua-
tion of ankle sprains as the total score correlates with iso-
kinetic strength, subjective recovery and subjective 
functional assessment [34]. Clanton et al. devised a scheme 
with therapeutic implications. Ankle injuries were first 
divided into stable and unstable injuries. The unstable 
group was then divided into non-athletes and older patients 
and those who were considered young active athletes. The 
athlete group was further divided into three patient groups: 
injuries with negative stress radiographs, injuries demon-
strating positive tibiotalar instability and injuries with sub-
talar instability [33]. Clanton et al. recommended patients 
with tibiotalar instability pursue surgical repair of the dis-
rupted ligamentous complex [33].

Porter et al. has classified syndesmotic ankle injuries and 
further described the complications associated with untreated 
or undertreated unstable syndesmosis injuries [35]. This 
group categorized syndesmotic injuries into three gradations 
and their associated instability. Grade I involves injury to the 
anterior deltoid ligament and the distal interosseous ligament 
without tearing of the more proximal syndesmosis or the 
deep deltoid ligament. The AITFL is typically tender to pal-
pation and may have a higher-grade injury. There is no dias-
tasis, and, by definition, Grade I injuries are stable. Grade II 
injuries include disruption of the anterior and deep deltoid 
ligaments along with a tear throughout a significant portion 
of the syndesmosis. This results in an unstable ankle that is 
well-aligned on non-stress radiographs. Grade II injuries are 
difficult to assess because of the lack of injury extent and 
occult instability. Last, a Grade III syndesmotic injury occurs 
due to severe external rotation and abduction with complete 
disruption of the medial ligaments and extensive disruption 
of the syndesmosis frequently accompanied by fracture of 
the proximal fibula (Maisonneuve fracture). Grade III inju-
ries are typically obvious on plain film x-rays [35].

Sikka et al. described an imaging classification utilizing 
MRI for syndesmotic injuries [36]. Grade I injuries are iso-
lated to the AITFL; Grade II injuries include the AITFL and 
the interosseous ligament; Grade III injuries include the 
AITFL, interroseous ligament and PITFL; Grade IV injuries 
include the AITFL, interroseous ligament, PITFL and the 
deltoid ligament. This classification scheme was used to 
evaluate high ankle sprains in American football players 
with increased grade of injury correlating with increased 
number of missed games and practices [36].
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 Therapy

 Non-operative Management

Many treatment options for ankle sprains have been sug-
gested, including surgery, immobilization, functional 
treatment with bandages, tape or different braces, and bal-
ance training. Most authors recommend non-surgical 
treatment for lateral ankle sprains, and treatment should 
begin with restricted activity and physical therapy. 
Physical therapy should focus on stretching, propriocep-
tion and peroneal strengthening [37]. The most common 
non-operative treatment modalities used to manage grade 
III acute lateral ankle ligament injury are immobilization 
and functional management [37]. Immobilization usually 
entails a brief period (≤3 weeks) in a below knee walking 
cast, splint or CAM boot. This immobilization period is 
followed by up to 12 weeks of proprioceptive rehabilita-
tion. Although immobilization may not be advantageous 
in the high-performance athlete, it may have a limited role 
in the low demand patient who is unable to bear weight 
through the affected limb immediately following a severe 
acute sprain.

Functional management includes early mobilization with 
external support (i.e. bracing), as well as a period of rest, ice, 
compression and elevation. After immediate management, a 
rehabilitation program comprising ROM exercises, strength-
ening, proprioception, and activity-specific training should 
be initiated. Proprioception training, which is essential for 
the recovery of balance control, consists of a series of pro-
gressive drills on devices such as wobble boards and trampo-
lines. In addition to providing mechanical stability, external 
supports also provide proprioceptive feedback and thus aid 
in rehabilitation. Ardèvol et al. conducted a randomized con-
trolled trial comparing cast immobilization with functional 
management in patients engaged in regular sports activity 
[38]. Functional management allowed earlier resumption of 
sports training, with fewer symptoms at 3 and 6 months post- 
injury [38]. A greater reduction in objective radiographic 
laxity with functional management was noted, but there was 
no difference in re-injury rates found between the two man-
agement groups [38].

Functionally managed patients also have been shown to 
have a higher rate of satisfaction than patients treated with 
cast immobilization [39]. In a systematic review of nine 
studies on functional management, Kerkhoffs et al. con-
cluded that lace-up supports were most effective, tapes were 
associated with skin irritation and were no better than semi- 
rigid supports, and that elastic bandages were the least effec-
tive form of management [40].

One study examined the role of platelet-rich plasma 
(PRP) in the treatment of high ankle sprains in 16 competi-
tive athletes [41]. This report demonstrated that patients 

injected with PRP were able to return to sport at a mean 
40.8 days, while those in the control group returned to sport 
at a mean 59.6 days [41]. Patients in the PRP group also had 
statistically significantly lower pain levels upon returning to 
athletic activity.

 Surgical Management

Surgical intervention in acute ligament injuries remains con-
troversial. Relative contraindications for operative manage-
ment include the following: pain without instability, 
neuropathy, peripheral vascular disease, and noncompliance.

 Preoperative Planning
Patients should be evaluated for a tarsal coalition. Moreover, 
hindfoot alignment should be assessed, as varus alignment 
predisposes to inversion injuries. Therefore, a Dwyer calca-
neal osteotomy may need to be performed in addition to a 
lateral ligament repair. Concomitant peroneal tendon injuries 
should also be evaluated and addressed at the time of opera-
tive intervention.

 Positioning
Patient positioning for lateral ankle ligament repair or recon-
struction is based on the chosen procedure. For anatomic 
ligament repair, the patient may be placed supine with a 
bump under the operative hip, or the patient may be placed in 
the semi-lateral or lateral decubitus positions. Patient under-
going concomitant ankle arthroscopy should be placed 
supine with a bump placed under the ipsilateral hip following 
the arthroscopic portion of the procedure.

 Approach
The incision for the Brostrom-Gould procedure is J-shaped 
and based just anterior to the fibula to allow easy access to 
both the ATFL and the CFL. Another option is a larger curvi-
linear incision from proximal-posterior (4–5 cm proximal to 
the fibular tip) to anterior-distal along the course of the pero-
neal tendons allows for access to both the lateral ankle liga-
ments and the peroneal tendons.

 Techniques

 Modified Brostrom Lateral Ligament Repair
In 1966, Brostrom reported a series of patients who under-
went a direct repair of the ATFL and CFL by mid-substance 
suturing of the torn ligaments [42]. In 1980, Gould modified 
this procedure by advancing the lateral aspect of the inferior 
extensor retinaculum to the fibula, thereby reinforcing the 
repair of the ATFL [42]. Upon incision, care should be made 
to avoid the superficial peroneal and sural nerves. Anterior 
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and posterior flaps are created as dissection is carried down 
to the layer of the fibular periosteum. The anterolateral ankle 
capsule, peroneal tendons and inferior extensor retinaculum 
are identified. The peroneal sheath can be opened at this time 
to address peroneal tendon pathology as needed, though care 
should be made to maintain the integrity of the superior pero-
neal retinaculum. The lateral ankle gutter is then identified 
before the capsule is divided. A cuff of tissue is maintained 
on the fibula for later advancement and imbrication. The 
arthrotomy is then extended from the level of the tibiotalar 
joint to the peroneal tendons, as this will divide both the 
ATFL and the CFL and allow for evaluation of the ankle joint 
[42]. The ligaments are then imbricated in a pants-over-vest 
fashion with 0-vicryl. The ankle should be held in eversion 
and dorsiflexion as the sutures are tied down [42]. The exten-
sor retinaculum is then advanced to the fibular periosteum, 
covering the ligament and capsular repair. The subcutaneous 
and skin layers are then closed before splinting the ankle in 
slight eversion.

 Modified Brostrom Lateral Ligament Repair 
with Suture Anchors
Upon incision, care should be made to avoid the superficial 
peroneal and sural nerves. Anterior and posterior flaps are 
created as dissection is carried down to the layer of the fibu-
lar periosteum. The anterolateral ankle capsule, peroneal 
tendons and inferior extensor retinaculum are identified. 
The peroneal sheath can be opened at this time to address 
peroneal tendon pathology as needed, though care should 
be made to maintain the integrity of the superior peroneal 
retinaculum. The lateral ankle gutter is then identified 
before the capsule is divided. A cuff of tissue is maintained 
on the fibula for later advancement and imbrication. The 
arthrotomy is then extended from the level of the tibiotalar 
joint to the peroneal tendons, as this will divide both the 
ATFL and the CFL and allow for evaluation of the ankle 
joint. The anterior inferior tibiofibular ligament (Bassett’s 
ligament) is then excised, as this may lead to anterolateral 
impingement. After any intra-articular work is completed, 
attention is turned to creating a trough with a rongeur in the 
anterior distal fibula. Suture anchors are then placed at the 
anatomic footprints for the ATFL and CFL [42]. Care 
should be taken to avoid violation of the joint and the pos-
terior fibular cortex, as this may irritate the peroneal ten-
dons. Suture limbs are then passed through the anterior 
capsule, ATFL, and CFL [42]. The ankle mortise is then 
reduced with care taken to avoid anterior subluxation of the 
talus. Moreover, the ankle is placed in neutral dorsiflexion 
and slight hindfoot valgus. The sutures are then tied down. 
Next, pass the sutures through the distal fibula periosteal 
flap for additional reinforcement before advancing the infe-
rior extensor retinaculum (Gould modification) while pro-
tecting the peroneal tendons.

 Modified Brostrom-Evans Procedure
This procedure is a combination of the modified Brostrom 
lateral ligament repair described above and the Evans proce-
dure, which involves tenodesing the anterior 50 % of the 
peroneus brevis to the fibula. This procedure is indicated for 
patients in whom greater resistance against inversion is 
desired. For example, this procedure is appropriate for 
patients with lateral ankle instability and concomitant pero-
neus brevis tendon tear. The initial portions of the modified 
Brostrom are the same as described above. After releasing 
the ATFL, the CFL and the capsule, the peroneus brevis ten-
don is isolated proximal and distal to the superior peroneal 
retinaculum [42] After splitting the peroneus brevis tendon 
in a longitudinal fashion, the anterior 50 % of the tendon is 
passed beneath the superior peroneal retinaculum distally 
[42]. The tendon can be split with suture replicating a saw to 
cleanly divide the tendon fibers. Next, a bone tunnel is drilled 
obliquely through the distal fibula, and the anterior tendon 
limb is passed through the tunnel in a distal to proximal fash-
ion [42]. Thereafter, the modified Brostrom procedure is 
completed. When closing the fibular periosteum, the anterior 
limb of the peroneus brevis tendon should be sutured to the 
periosteum. The subcutaneous and skin layers are then 
closed.

 The Role of Ankle Arthroscopy in Acute Ankle 
Instability
Acute arthroscopic assessment of the ankle joint may be per-
formed in conjunction with acute lateral ligament repair or 
reconstruction. It is well-documented that intra-articular joint 
surface damage is common in the sprained ankle, and much 
of this damage is confined to the chondral surface and does 
not involve underlying bone [43]. Ankle arthroscopy is indi-
cated in patients with talar osteochondral lesions, anterior 
impingement lesions and exostoses. In acute ankle instability, 
MRI does not always show tibiotalar lesions. Komenda and 
Ferkel reported an incidence of up to 93 % of intra- articular 
disease in patients undergoing arthroscopy immediately 
before lateral ligament repair, whereas others have shown as 
little as 40 % sensitivity of MRI to coexistent intra- articular 
lesions after lateral ligament injury [44, 45]. Although most 
of these studies relate to the chronic situation, it is reasonable 
to assume that a percentage of acutely diagnosed lateral liga-
ment injuries undergoing early surgery have combined intra-
articular disease either not visible on MRI or obscured by 
acute edema/hemorrhage. Therefore, acute ankle arthroscopy 
in these cases has potentially significant benefits in detecting 
lesions that may prevent or hamper recovery after an other-
wise successful ligament repair, but more work is necessi-
tated to clarify this. Recently, some investigators have 
described novel techniques to achieve lateral ligament stabili-
zation by entirely arthroscopic means, but these procedures 
remain experimental in the acute setting [44].
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 Post-operative Care

The patient is to remain non-weightbearing for 10–14 days 
until their first post-operative clinic visit. At the first post- 
operative clinic visit, the splint is taken down, and the wound 
is carefully inspected. If no signs of wound dehiscence or 
infection are present, then the sutures are removed, and a 
short leg cast is applied for the next 4–5 weeks. At the next 
post-operative visit, the cast is removed, and a physical ther-
apy program is initiated that stresses range of motion, pro-
prioception, peroneal strengthening and resistive strength 
training.

 Risks/Complications

Be sure to evaluate hindfoot alignment, as failure to address 
varus alignment can lead to failure of ligament repair or 
reconstruction. Secondary pathology should be assessed, as 
instability can lead to OCD lesions, peroneal tendinopathy, 
subtalar instability or other lesions. The most common com-
plications pertain to nerve injury, with an incidence between 
7 and 19 % [42]. Other complications include the following: 
infection, wound dehiscence, failure of repair, peroneal 
weakness, and tibiotalar malreduction.

 Rehabilitation and Back-to-Sports

 Rehabilitation

Post-operative rehabilitation protocols vary, but the follow-
ing is a general set of guidelines. During the first post- 
operative phase, physical therapy focuses on proximal 
lower extremity, upper extremity and core strengthening 
[46]. Independent transfers and ambulation, as well as pain 
and edema control, are a focus during the immediate post- 
operative period. After the initial 6 week immobilization 
period, progressive weight-bearing is initiated as tolerated, 
first in a pneumatic walking boot and then transitioned to a 
semi-rigid ankle stirrup orthotic. Proprioception and ever-
sion against gravity are initiated around 6 weeks post- 
operatively [47]. Gentle AROM exercises, including 
inversion, are begun approximately 8–9 weeks following 
surgery. Proprioception activities involving unilateral 
stance with eyes open, eyes closed, external perturbations, 
foam block, rocker board, and ball toss are initiated along 
the same timeframe. Plyometrics can be worked into the 
rehabilitation protocol roughly 11–12 weeks following sur-
gery [47]. At 3 months, patients may progress to running as 
tolerated and return to sports functional progression and 
testing [46, 47].

 Return to Sport

Gradual return to sport is allowed between 12 and 16 weeks 
after surgery.

 Prevention

Prevention methods utilize external bracing or propriocep-
tive/balance training to reduce the likelihood of ankle liga-
mentous injury. Orthotic devices (i.e. semi-rigid ankle 
orthosis, laced ankle stabilizer) provide a compressive 
force that maintains the anatomical alignment of the ankle 
by holding the talus within the tibiofibular mortise; there-
fore, the initiation of an ankle inversion injury is prevented 
[48]. The results of multiple trials [49–51] evaluating 
ankle orthotics consistently demonstrate a statistically sig-
nificant reduction in ligamentous ankle injuries in the ath-
letes wearing these devices, especially in athletes with 
prior ankle sprains. Orthotics are a cost effective method 
to reduce ankle injuries in athletes; however, ankle braces 
can cause discomfort and reduce athletic performance in 
some patients.

Ankle taping is thought to prevent ankle sprains by reduc-
ing plantar flexion and inversion of the ankle [52] while also 
improving ankle proprioception [53]. While in theory this 
should prevent ankle injury, there is a lack of data demon-
strating the effectiveness of ankle taping in reducing injury. 
Furthermore, ankle taping has been criticized for loosening 
with physical activity, and loosening has been shown to 
reduce the original support of the taping by 50 % after only 
10–30 min of exercise [54].

Proprioceptive/coordination balance board training has 
been advocated as an alternative to ankle bracing in ankle 
injury prevention. Many studies [49, 55, 56] have shown 
this method to decrease the incidence of re-injury in ath-
letes with a history of ligamentous ankle injury. However, 
these studies have not shown a statistically significant 
reduction in ankle injuries in athletes without prior history 
of ankle sprains. While prevention of re-injury in athletes 
with a history of ankle injury is well supported in the litera-
ture, further  evidence is required prior to drawing any con-
clusions regarding the effectiveness of proprioceptive 
training in the prevention of primary ligamentous ankle 
injuries.

 Outcomes (Evidence)

Treatment options for grade III acute lateral ankle ligamen-
tous injuries include cast immobilization, functional man-
agement and surgical repair. A meta-analysis reviewing 21 
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randomized controlled trials comparing immobilization 
 versus functional treatment found statistically significant 
 differences in outcomes favoring functional treatment for 
acute ankle sprains [39]. When compared to immobiliza-
tion, the functional treatment group showed that a greater 
number of patients returned to sport in the long term (RR 
1.86), a greater number of patients returned to work in the 
short term (RR 5.75), fewer patients experienced persistent 
swelling of the ankle (RR 1.74), and more patients were 
satisfied with their treatment (RR 1.83). No significant dif-
ference was found between the two groups in regards to 
recurrent sprain, long term impaired range of motion, and 
ankle pain. Thus, multiple randomized controlled trials 
(Level 1 evidence) support functional treatment rather than 
immobilization for the treatment of acute lateral ligamen-
tous ankle injuries.

Another meta-analysis compared surgical versus nonsur-
gical management of acute ankle injuries by reviewing 17 
trials [57]. However, all reviewed studies were found to have 
methodological flaws; and the authors were unable to deter-
mine the effectiveness of surgical and conservative manage-
ment for acute ankle injuries. A more recent randomized 
controlled trial found statistically significant outcomes 
favoring surgical intervention [43]. The study followed 317 
patients with a mean follow up of 8 years. When compared to 
functional treatment, the surgically managed group revealed 
fewer complaints of residual pain (16 % versus 25 %, RR 
0.64), fewer complaints of their ankle ‘giving way’ (20 % 
versus 32 %, RR 0.62) and less recurrent sprains (22 % vs. 
34 %, RR 0.66). In addition, the anterior drawer test was less 
frequently positive in the surgically treated patients (30 % 
versus 54 %, RR 0.54). Overall, this randomized controlled 
trial (Level 1 evidence) supports better outcomes in the sur-
gically managed group when compared to functional 
treatment.

In regards to preventing ankle ligament injuries, a meta- 
analysis [58] reviewing 14 randomized controlled studies 
found a statistically significant reduction in ankle sprains 
for patients wearing external ankle orthotics when com-
pared to a control group (RR 0.53). The prevention of ankle 
sprains was greater in patients with previous history of 
ankle sprains (RR 0.33). Similarly, coordination/proprio-
ception training in patients with a history of ankle sprain 
resulted in a significant reduction in ankle sprains when 
compared to a control group (RR 0.28). Overall, there are 
multiple randomized controlled studies (Level 1 evidence) 
supporting the use of external ankle support devices, spe-
cifically semi-rigid ankle orthotics) to prevent ligamentous 
ankle injuries during high risk athletic activities. 
Additionally, athletes with a history of ankle sprain would 
benefit from coordination/proprioceptive training or exter-
nal ankle bracing.

 Summary

• Acute lateral ankle sprain is a common sports-related 
injury.

• The evidence suggests that functional rehabilitation 
should be the treatment of choice for acute injuries, with 
acute anatomic repair reserved for high-demand 
athletes.

• Cast immobilization for a brief period may have a limited 
role in the low demand individual who is unable to bear 
weight immediately following injury.

• External ankle bracing with orthotics can reduce the risk 
of ligamentous ankle injury during sporting events, espe-
cially in athletes with a history of ankle sprains. 
Additionally, proprioceptive training can reduce the risk 
of recurrent ankle sprains in athletes with history of ankle 
ligamentous injury.

• Gradual return to sport is usually allowed between 12 and 
16 weeks after surgery.
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Chronic Ankle Instability
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Abstract

Acute ankle instability is a frequent injury in young and active folks and can unfortunately 
quite often (in 20–40 %) proceed to chronic ankle instability. Fifty-five percent of the injuries 
leading to ankle instability are due to sporting accidents. Symptomatic chronic ankle insta-
bility is considered as a pre-osteoarthritic condition and long-term results without adequate 
therapy are poor. There are different types of chronic ankle instability and consequently 
functional ankle instabilities are mainly treated conservatively while mechanical ankle insta-
bilities often need a surgical treatment after failed conservative treatment. Ankle arthroscopy 
seems to be are valuable tool for ankle instability diagnostics and can be used for direct treat-
ment of adjunctant injuries as well. Anatomical ligament reconstruction has been proven to 
be superior to non-anatomical surgical techniques in clinical investigations. Relevant con-
comitant injuries (hindfoot malalignment, tendon problems, osteochondral lesions, etc.) 
should be treated simultaneously to ligament surgery.
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 Introduction

Acute injuries of the ankle with following acute ankle 
instability (AAI) are common, especially in young and 
active people. These acute injuries are often associated 

with an acute trauma and therefore rarely misdiagnosed. 
Even though these injuries can be treated effectively by 
conservative treatment (Table 28.1), transitions into chronic 
ankle instability (CAI) are still high and noticed in 20–40 % 
of these cases [1, 2]. This high number might be due to 
insufficient primary diagnosis or initial maltreatment (e.g., 
inadequat physiotherapy and/or unstable immobilization 
resulting in recurrent trauma). Injuries of the lateral or 
medial ligamentous complex are often trivialized and the 
consequence might be a disadvantageous healing with 
elongated ligaments. In particular the medial instability of 
the ankle and accompanying lesions can negatively influ-
ence the prognosis of AAI. Congenital co-morbidities (e.g., 
hyper laxity or hindfoot deformities as Varus/Valgus 
malalignment) can possibly influence the progress of AAI 
to CAI. In addition proprioceptive and neurological deficits 
can have negative effects on the healing process.
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 Etiology and Pathomechanism

Regarding etiology of CAI, Valderrabano et al. found that 
most of the pathologies are due to sporting activities (55 %) 
and everyday living activities (36 %) and only 9 % are related 
to work injuries [2]. CAI can be anatomically classified into an 
isolated lateral or isolated medial or a combined instability, 
called rotational ankle instability [1] and pathomechanistically 
classified into mechanical CAI (MAI) or functional CAI (FAI) 
(Fig. 28.1) [1, 2]. The mechanical instability is caused by 
structural lesions or weaknesses of the stabilizing ligaments, 
which might be ruptured or elongated or having a general 
ligament laxities ending in kinematic changes of ankle motion 
[3]. The functional instability is frequently caused by deficient 
neuromuscular ankle stabilization or distortions in propriocep-
tion. These are often due to inhibition of peripheral neuronal 
conduction. Patients suffer from loss of strength at the lower 
extremity or balance insufficiency, with additional coordina-
tion problems [3, 4]. For treatment decision making the typ of 
instability has to be identified and the co-pathomechanical 
problems addressed. In current literature CAI is even regarded 
as pre-osteoathritis at the ankle and is believed to have a nega-
tive effect of the long-term outcome regarding development of 
osteoarthritis [2, 5]. Valderrabano et al. could show in 247 
patients that quite a big number of patients (13 %) develop-
ment OA at the ankle due to persistent instability [2]. The 
average length to OA development was 34 years in their study 
group and the mechanisms of instability were crucial for OA 
progression. 55 % of their patients were injured during sports, 
36 % were injured during activities of every day living and 9 % 
during work. The authors concluded that instability at the 
ankle is an determining factor of developing ankle OA and that 
biomechanical stabilization of the ankle is necessary to protect 
the ankle [2]. In the authors opinion the biomechanical stabil-
ity of the ankle is crucial to avoid OA.

According to Halasi et al. the highest rate of AAI in sports 
occur in american football, basketball, gymnastics, handball, 
rugby and soccer [6]. As a consequence in these mentioned 
sports there is a high potential for a progression to CAI.

 Diagnostics, Classification and Graduation

The clinical examination in mechanical CAI includes inspec-
tion, palpation and examination of the lateral and medial 
ligamentous ankle complex and is essential for the treatment 
decision making. In lateral ankle instability tenderness over 
the origin of the anterior talofibular ligament (ATFL) and 
calneofibular ligament (CFL) are common. With hanging 
and relaxed lower-leg the lateral ankle joint instability is 
examined: anterior drawer stress test, inversion stress 

Table 28.1 Basel acute ankle instability grades and treatment protocol

Grade Symptoms Ligament lesion Therapy

I Swelling lateral
Full weight bearing possible

Partial ATFL ligament rupture, 
capsule sprain

PRICE-scheme, taping, stabilizing ankle orthotics 
(4–6 weeks)

II Hematoma lateral
Partial weight bearing possible

Complete rupture lateral ligaments 
(ATFL&CFL)

PRICE-scheme, stabilizing ankle orthotics 
(6 weeks), weight bearing as possible, functional 
treatment: physiotherapy, lymphatic drainage, 
proprioceptive training

III Hematoma lateral & medial
No weight bearing possible

Complete rupture lateral ligaments 
(ATFL&CFL) AND
Lesion medial ligaments (Deltoid/
Spring)

PRICE-scheme, walker or cast with partial weight 
bearing for 6 weeks, functional treatment: 
physiotherapy, lymphatic drainage, proprioceptive 
training

IV Hematoma lateral & medial
Concomitant lesions
Grade III in professional athlete

Complete rupture ligaments lateral & 
medial AND
Syndesmostic lesion, OCL, fractures, 
etc. …

PRICE-Scheme, operative treatment, 
postoperative protection (walker or cast) and 
partial weight bearing, supportive physiotherapy

PRICE Protection, Rest, Ice, Compression/Taping/Casting, Elevation, ATFL anterior talofibular ligament, CFL calcaneofibular ligament, OCL 
osteochondral lesion

Fig. 28.1 Types of chronic ankle instability. Chronic Ankle Instability 
can be distinguished pathomechanistically between mechanical and 
functional ankle instability (MAI vs FAI) as well as anatomically 
between lateral, medial or combined (rotational). All types do influence 
each other
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test; and compared to the contralateral side. The examination 
of the healthy contralateral side helps to distinguish a patho-
logical from normal stability. In cases with suspected joint 
hypermobility the Brighton Score can help to verify the diag-
nosis [7]. Further examination aims the documentation of a 
possible co-malalignment, typically a hindfoot varus in lat-
eral CAI, together with a peroneal muscle weakness or pero-
neal tendon tears. Accompanying osteochondral lesions 
(OCL) or Achilles tendinopathies shall be co-investigated, as 
they may aggravate the clinical problem.

In medial ankle instability tenderness is found over the 
deltoid, especially the anterior portion, and the functionally 
associated Spring ligament. As in lateral CAI, in medial CAI 
stress tests are also done with hanging and relaxed lower-leg 
performing the anterior drawer stress test and mainly the 
eversion stress test. Standing examination might reveal a flat-
foot deformity and concomitant Posterior tibial tendon 
insufficiency.

Stress radiography seems not to be useful in the diagnosis 
of CAI and the obtained results cannot provide a sufficient 
therapy regime because there is no reliable algorhythm of 
treatment for this radiographs [8, 9]. Concerning CAI ultra-
sonography has a high value as it enables dynamic testings 
and detection of structural lesions [10]. In comparison to 
magnetic resonance imaging (MRI) ultrasonography analy-
sis showed a similar sensitivity [11]. In addition Cory et al. 
described an excellent verification of ATFL-injuries and 
objective assessment of the ligament structure and length by 
ultrasonography [10]. In CAI cases MRI represents an 
important additional imaging modality [12]. Especially the 
medial and lateral ankle ligaments, possible concomitant 
OCLs or tendon tears, and ankle syndesmosis, which con-
tribute to the direct stability of the ankle can be evaluated by 
MRI [13, 14]. However, according to Cha et al. compared to 
arthroscopy MRI is a worse diagnostic method because the 
sensitivity and inter-observer reliability is lower in MRI than 

in direct ankle arthroscopy [15]. Thus, diagnostic ankle 
arthroscopy, as last diagnostic tool prior to ligament surgery, 
is strongly recommended by the authors and Cha et al. [15].

Single photon emission computed tomography-CT 
(SPECT-CT) is another valuable diagnostic tool for detec-
tion of concomitant pathologies in cases with CAI and per-
sistent pain. Especially in cases with OCL at the talus and 
OA at the subtalar or adjunctant joints SPECT-CT seems to 
be helpful in identifying osteochondral pathologies 
(Fig. 28.2) [16]. In recent literature Leumann et al. showed 
that SPECT-CT can influence the decision regarding the 
therapy of OCL at the talus [16]. Thus it represents a good 
additional imaging in some elected cases.

The functional instability might be documented by the 
deficient neuromuscular ankle stabilization/propioception in 
tip-toes-standing or unstable ground. Further, patients suffer 
from strength loss of the peri-ankle muscles, especially of 
the peroneal and posterior tibial muscle. Imaging of func-
tional CAI is limited to functional biomechanical diagnostic 
tools, as proprioceptive balance systems or other sports- 
biomechanics tools.

 Therapy: Conservative Treatment 
and Surgery

In many cases of CAI the patients have a long-term history 
of unsuccessful conservative treatment. Nevertheless a sys-
tematic conservative treatment with proprioceptive training 
and structured physiotherapy should be performed for 3–6 
month after CAI diagnosis. In literature the functional 
 therapy for CAI shows good response to conservative ther-
apy in many cases [17, 18]. Particularly the neuromuscular 
stabilization of the ankle joint and the improvement of 
 proprioception seems to be successful. In their prospective 
 randomized study Hoiness et al. showed the superiority of a 

a b c

Fig. 28.2 (a–c). Osteochondral lesion – a typical co-entity in chronic 
ankle instabilty. SPECT-CT of an 26 year old chronic ankle instability 
patient with a symptomatic postero-medial osteochondral lesion at the 

talus on the right foot. SPECT-CT shows osseus lesion as well as 
tracer uptake in this area (a: coronal view, b: sagittal view, c: trans-
verse view)
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special proprioception training in contrast to a normal phys-
iotherapy program with an ergometer [18]. In their patient 
group a short and intensive training of proprioception and 
strength was successful to stabilize CAI [18]. In addition, for 
prevention of further ankle sprains these conservative proce-
dures are suitable as well [19]. Different taping techniques 
can be used alternatively or in addition for stabilization of 
the ankle [20]. Especially in high demanding athletes with 
the need of individual stabilization of the ankle taping tech-
niques seem to have advantages in comparison with standard 
orthotics.

Irrespectively of the severity of CAI an insole can help 
to correct the axis of the hindfoot and correct whole foot 
alignment. Rotational CAI of the ankle is often increased 
by a posterior tibial tendon insufficiency with a consecutive 
pes planovalgus et abductus position of the foot. In this 
cases a sufficient insole can lead to relief of the medial liga-
ment complex as well as the correction of the hindfoot 
malalignment [21]. These hindfoot correcting advices (e.g., 
orthopedic technical insoles) have shown a positive effect 
in CAI and can be combined with the above mentioned 
conservative treatment [22]. The insoles should be con-
trolled regularly and adapted if necessary. Good individu-
ally manufactured insoles include the complete sole, 
provide a good hindfoot frame and a sufficient medial sup-
port for valgus deformities or a lateral support for a varus 
deformities, respectively.

 Operative Treatment

In CAI operative treatment is much more often necessary 
than in cases with AAI. Primary goals of operative treatment 
are an increase in stability of the ankle, reduction of pain, 
avoidance of recurrences of ankle sprains and a return to 
activities of daily living at work and sports. Especially the 
delay of osteoarthritis development in instable ankle joints is 
a long term goal. Indications for CAI surgery are: failed con-
servative treatment for 3–6 months, recurrent ankle sprains 
weekly or daily, chronic ankle pain, with instability disabil-
ity for sports or work. A contraindication for CAI surgery is 
the general ligament laxity (as in Down syndrome, Ehlers-
Danlos syndrome) or obesity.

The first step of ligament CAI surgery is ankle arthros-
copy, as arthroscopy is– in combination with clinical inves-
tigation – the gold standard for diagnostics [1, 23]. It 
confirms the instability pattern by judging the ligaments 
from articular and shows concomitant injuries, as: anterior 
osteophytes, a symptomatic Basset ligament, chondral 
degeneration, OCLs, and other pathologies [24, 25]. 
Subsequently to  arthroscopy is open surgical treatment. 
There are  different options for surgical reconstruction of the 
 ligaments:  anatomical and non-anatomical ligament recon-

structions. Non- anatomical reconstructions, as through 
tenodeses (Watson-Jones, Chrisman-Snook,…), have been 
described excessively in literature with multiple variations, 
regarding tendon transfers/graft, fixation devices, etc. 
However, such tenodeses cause a substantial pathobiome-
chanical situation for the ankle and subtalar joint and long-
term secondary osteoarthritis [26, 27]. Therefore, anatomical 
reconstructions of the ligaments, with the idea of stabilizing 
the ankle joint and preserving its biomechanical properties, 
have evolved and established in the surgical community. Of 
the anatomical reconstructions the Brostroem-Gould tech-
nique is widely accepted and has been used in different 
variations [28–30]. When comparing the anatomical with 
the non-anatomical techniques the mid-to-long term results 
regarding ankle stability, patient satisfaction and degenera-
tive changes favor the anatomical reconstruction [31]. Even 
in high-demand athletes anatomical reconstruction of ankle 
ligaments using a variant of the Gould-modified Brostrom 
procedure (suture anchors) was successful [32]. The athletes 
were able to return to their preinjury functional level [32]. In 
conclusion an anatomic reconstruction of the ligaments is 
preferred to a non-anatomic reconstruction and current lit-
erature shows better clinical results and less likelihood of 
OA development [31, 33].

The authors use a direct anatomical reconstruction with a 
modification of the modified Brostroem-Gould technique as 
shown in Fig. 28.3. Hereby, the lateral ligaments are identi-
fied and, after “refreshing” the anterior part of the malleolus, 
the ligaments are shortening and tensioned by transosseus 
sutures. The same concept is performed on the medial side, 
where the superficial and anterior part of the Deltoid liga-
ment is tensioned towards the malleolus and possible Spring 
ligament tears also addressed.

Unfortunately in CAI cases with defect situation of the 
ligaments and insufficient residual structures a direct ana-
tomic reconstruction is sometimes not feasible. In this 
cases anatomical reconstructions with the plantaris [34] or 
gracilis [35] tendon are suitable options for an anatomic 
ligament reconstruction which have been described with 
good clinical results. Takao et al. found several advantages 
with the reconstruction including the gracilis tendon [35]. 
The anatomical reconstruction with normal stability, 
restored range of motion a small incision at the knee were 
key features [35]. In addition the comparison of the ten-
sion strength of the lateral ligaments and the strength at 
the tendon graft-bone tunnel junction was a major advan-
tage [35].

In addition to the ligament surgery laterally and/or medi-
ally, the surgeon might need to address the other possible 
issues, as: hindfoot varus by a lateral sliding/Dwyer 
 osteotomy, peroneal tendon tears by a tendon surgery, hind-
foot valgus by a medial sliding or lateral calcaneal length-
ening osteotomy, Posterior tibial tendon insufficiency by a 
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flexor digitorum longus tendon transfer. Only by correcting 
all pathobiomechanical factors the CAI recurrence is 
neutralized.

 Rehabilitation and Back-to-Sports

Cases with isolated ligamentous reconstruction can perform 
full weight bearing postoperative, if additional surgeries 
(osteotomies, tendon reconstruction) are performed then 
partial-weight bearing is recommended. For the first 6 weeks 
a walker and a splint during the night for protection of the 
ankle ligaments are recommended. During this time physio-
therapy with lymphatic drainage can be applied but range of 
motion (ROM) is limited to a maximum of dorsalextension/
plantarflexion 15°/0/10° [36]. Proprioceptive training for sta-

bilization and an advancement of muscular innervation are 
advised in a well monitored physiotherapy program. After 6 
weeks increasing ROM at the ankle, proprioception training 
and strengthening of the muscles are promoted.

Back to sports is a hot topic – in competitive sports as 
well as recreational sports. The time to return to sports is 
dependent on the kind of sports, the stress on the ankle and 
the level of activity before the injury. An individual therapy 
regime has to be developed for every athlete respecting the 
before mentioned key points. A possible general recom-
mendation can be: 4–6 weeks after surgery: slight sports 
under walker protection possible, as biking, upper-body-
training; 8–12 weeks after surgery under ankle stabilizing 
orthototic support: slight controlled jogging, swimming. 
Elite athletes need an individual planning with team phys-
iotherapist and coach.

a b

c d

*
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Fig. 28.3 Lateral chronic ankle instability – ligament surgery. (a): Left 
ankle with lateral approach over the tip of the fibula (§). Clamps are 
holding mobilized scar tissue rests of ATFL (*) and CFL (#). (b): 
Preparation of tip of fibula (§) with the rongeur for following insertion 

of the anatomical reconstructed lateral ligaments. (c): Transosseous 
drilling for ligament fixation of the ATFL (*) and the CFL (#). (d): 
Anatomical direct fixation of ATFL (*) and the CFL (#) with transos-
seus sutures shortening and tensioning the ATFL and CFL
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In literature the return to sports after ATFL reconstruc-
tion for CAI in athletes was investigated by Miyamoto et al. 
[37]. They found an advantage of accelerated rehabilitation 
after surgery in comparison to traditional rehabilitation 
with a 5 weeks earlier return to sports [37]. Li et al. found 
surgical treatment effective in their study group of high-
demand athletes and they could reach their preinjury func-
tional level again [32]. Even in their group of high-demand 
athletes the anatomical ligament reconstruction for CAI 
with a variant of the modified Gould-Broström procedure 
showed good return to sports results with a low complica-
tion rate [32]. Krips et al. investigated in a retrospective 
multicenter study the results in athletic patients with lateral 
ankle instability [33]. The study group compared anatomic 
reconstructions with tenodesis. Regarding the sports activ-
ity level they found that the anatomic reconstruction was 
superior to tenodesis techniques in all of their outcome 
measures [33].

 Evidence

Table 28.2 summarizes an overview about the current evi-
dence for ankle instability. The treatment of choice of the 
AAI is conservative therapy (Level of evidence II) if there 
are no accompanying injuries [38]. Functional treatment 
proved to be very valuable for prevention of long-term com-
plications and seems to be superior to ankle immobilization 
alone (Level of evidence II) [39]. In chronic ankle instabil-
ity, anatomical reconstructions of the ankle ligaments seem 
to be superior to tenodesis techniques [27, 33] and symp-
tomatic chronic instability of the ankle without appropriate 
treatment probably presents a pre-osteoarthritis condition 
with an associated poor long-term outcome (Level of evi-
dence IV) [2].

 Summary

 – Acute ankle instability can in 20–40 % of the patients pro-
ceed to chronic ankle instability (CAI).

 – A symptomatic CAI is a pre-osteoarthritis and long-term 
results without adequate therapy are devastating.

 – Functional CAI are mainly treated conservatively while 
mechnical CAI often need a surgical treatment after failed 
conservative treatment.

 – Ankle arthroscopy seems are valuable tool for diagnosis of 
CAI as well as treatment option for adjunctant injuries.

 – Anatomical reconstruction of the ankle ligaments are supe-
rior to non-anatomical surgical techniques and should be 
applied to preserve the kinematics and mechanics of the 
ankle and subtalar joint. Concomitant injuries (hindfoot 
malalignment, tendon problems, osterochondral lesions, 
etc.) should be treated simultaneously to ligament surgery.
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Acute Syndesmotic Injuries

Craig R. Lareau, Andrew R. Hsu, and Bruce E. Cohen

Abstract

Ligamentous ankle injuries remain one of the most common injuries sustained by athletes. 
Syndesmotic, often termed high ankle, sprains are being diagnosed more frequently due to 
a heightened awareness and improved diagnostic techniques. These injuries result in pain, 
disability, and a significant delay in return to play. Most operative syndesmotic injuries can 
be diagnosed on plain radiographs, including stress views; however, ultrasound, CT, and 
MRI have improved the detection of more subtle injuries. Arthroscopic evaluation can be 
used to confirm the diagnosis while assessing other intra-articular structures. There has 
been an abundance of recent research exploring the treatment of syndesmotic injuries in 
athletes, focusing on surgical intervention and rehabilitation protocols. The literature 
remains conflicted regarding return to play in athletes.
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 Introduction

It is well-established that ankle sprains and fractures are 
among the most common sports-related injuries [1]. Isolated 
syndesmotic disruptions without fracture occur more com-
monly in athletes than non-athletes [2]. Syndesmotic inju-
ries comprise 1–18 % of ankle sprains but are probably 
underreported since the diagnosis is not always made on 
initial physical examination and non-weight-bearing radio-
graphs [3–5]. Return to play after syndesmotic injury can 
take twice as long when compared to isolated lateral ankle 
ligamentous injury [6]. Return to play after syndesmotic 
disruption is dependent on the sport, degree of injury, and 

variable time to healing for each injury [7]. In addition to 
the short-term disability caused by these injuries, chronic 
ankle dysfunction can persist for months following the 
injury [8, 9]. Unrecognized injuries that are not properly 
treated can result in chronic ankle instability and post-trau-
matic ankle arthritis [10].

Syndesmotic disruption can occur in isolation or with 
concomitant adjacent bony, cartilaginous, or ligamentous 
injuries. Therefore, the importance of a focused and com-
prehensive exam of the entire foot and ankle cannot be 
overemphasized [9]. Considerable discrepancies exist in 
the literature regarding the reporting of these injuries, the 
use of advanced imaging and arthroscopy to aid in diagno-
sis, and the appropriate treatment for different degrees of 
injury [2]. The diagnosis and management of these injuries, 
especially in elite athletes, remains controversial since 
there is a lack of level I evidence surrounding this topic. 
This chapter will review relevant anatomy, etiology, patho-
physiology, symptomatology, diagnosis, treatment, reha-
bilitation, and prevention, and summarize the highest level 
of existing evidence.
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 Etiology and Pathomechanism

The distal tibiofibular syndesmosis is located between the 
convex distal fibula and the concave incisura fibularis of the 
tibia. A synovial-lined joint cavity, contiguous with the ankle 
joint, extends proximally 12–15 mm and includes articulat-
ing facets between the tibia and fibula 75 % of the time [11]. 
The syndesmosis is stabilized by the anterior inferior tibio-
fibular ligament (AITFL), interosseous ligament (IOL), and 
posterior ligamentous complex consisting of the posterior 
inferior tibiofibular ligament (PITFL) and fibrocartilaginous 
inferior transverse ligament (ITL) [12]. The posterior liga-
ments are confluent with the posterior ankle capsule. The 
AITFL, PITFL, and IOL limit fibular external rotation, pos-
terior translation, and lateral translation, respectively [13]. 
Within the AITFL, the inferior band is most important for 
stability.

Normal fibular motion within the syndesmosis, albeit 
slight in comparison to other joints, is important in preserv-
ing ankle joint congruity [14, 15]. When the ankle is dorsi-
flexed, the fibula externally rotates and migrates proximally 
and posterolaterally to accommodate the wider anterior talar 
done [16]. With plantarflexion, the fibula internally rotates 
and translates distally and anteromedially. External rotation 
of the foot results in fibular external rotation and posterome-
dial translation [17].

The syndesmosis functions synergistically with the del-
toid ligament complex to maintain stability and congruency 
of the ankle mortise. Congruity of the ankle joint is essential 
in order to maintain normal contact characteristics and 
thereby prevent the development of post-traumatic arthritis 
[18, 19]. For this reason, syndesmotic instability and malre-
duction is associated with poor functional outcome and sec-
ondary arthritis.

Together with the ITL, the PITFL provides 42 % of syn-
desmotic stability, compared to 35 % for the AITFL and 22 % 
for the IOL [20]. When all syndesmotic ligaments are sec-
tioned, fibular motion relative to the tibia increases 8.8 mm 
in the sagittal plane and 1.5 mm in the coronal plane with 
stress examination [21]. In contrast, disruption of the AITFL 
alone results in only 0.5 mm of translation in the coronal and 
sagittal planes. With sectioning of the syndesmosis 4–6 cm 
proximal to the ankle joint with a concomitant deep deltoid 
ligament rupture can result in tibiotalar dislocation when the 
ankle is loaded in 20° of dorsiflexion [22].

Syndesmotic injuries most often result from an external 
rotation force applied to a hyperdorsiflexed ankle while the 
foot is planted [12]. This mechanism causes the fibula to 
externally rotate while translating posteriorly and laterally, 
resulting in rupture of the AITFL first, followed by the deep 
deltoid ligament, IOL, and lastly PITFL [23]. Most syndes-
motic injuries involve rupture of only the AITFL and IOL 
[2]. Other described mechanisms of syndesmotic injury 

include inversion, inversion with external rotation, and ever-
sion [24, 25]. More significant syndesmotic injuries are more 
likely to occur with external rotation compared with other 
mechanisms. Syndesmotic widening of at least 2 mm more 
than the contralateral ankle has been shown to correlate with 
injury to two or more syndesmotic ligaments [26].

 History and Physical Examination

Athletic syndesmotic injuries occur most commonly in high- 
impact sports, including ice hockey and football [6, 27]. An 
attempt to define the mechanism of injury should be made 
while taking the history. Treatment varies dramatically 
between acute (less than 3 weeks) and chronic (greater than 
3 months) injuries so it is important to establish the date of 
injury [28]. One should inquire about a history of previous 
injury or treatment. As with all foot and ankle injuries, the 
patient should be asked to localize the area of maximum 
pain. Patients may report a sense of ankle instability.

Physical examination should begin with inspection for 
swelling, ecchymosis and deformity. In addition, it should 
focus reproduction of pain along the anterolateral border of 
the leg during ankle dorsiflexion, instability testing, and pain 
with weight-bearing or during push-off [29]. Tenderness 
localized to the AITFL is non-specific since this can occur 
with many other ankle injuries in the acute period [30]. Forty 
percent of patients with ATFL rupture resulting from a supi-
nation injury had tenderness over the AITFL without rupture 
of this ligament [30].

Multiple specific stress tests have been designed to assess 
syndesmotic stability, including the squeeze test, external 
rotation stress test, Cotton test, crossed-leg test and fibula- 
translation test [4, 26, 29, 31]. The squeeze test involves com-
pression of the tibia and fibula proximally in the calf and is 
considered positive when this causes pain at the ankle joint. 
The external rotation stress test involves an external rotation 
stress applied to the foot while the ankle is dorsiflexed, with 
reproducible pain signifying a positive result. This test has 
been shown to have the lowest inter-observer error and high-
est sensitivity [32]. A positive Cotton test occurs with pain 
when the talus is translated laterally within the mortise. The 
fibula-translation test is performed by stabilizing the tibia and 
trying to displace the fibula anteriorly or posteriorly. A posi-
tive crossed-leg test occurs when pain is elicited by pushing 
the affected fibula downwards against the knee.

Physical examination alone has been shown to detect only 
75 % of injuries [32]. With MRI-confirmed syndesmotic 
injuries, the external rotation stress test had a sensitivity of 
20 % and specificity of 84.8 % versus 30 and 93.5 % for the 
squeeze test [33]. While the presence of a positive test should 
heighten suspicion for a syndesmotic injury, no physical 
exam maneuver has been shown to reliably predict the pres-
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ence or degree of syndesmotic injury and therefore imaging 
studies are necessary [34].

 Imaging

Initial imaging for evaluation of syndesmotic injuries should 
include anteroposterior (AP), mortise, and lateral radio-
graphs of the affected ankle. If possible, weight-bearing 
radiographs are beneficial in identifying more subtle injuries 
but are not necessary when incongruence of the mortise is 
evident on non-weight-bearing views. An increase in the 
medial clear space between the medial malleolus and talus 
can occur with a combined syndesmotic and deltoid disrup-
tion (Fig. 29.1) [33]. In the case of supination-external rota-
tion (SER) IV injuries, the integrity of the syndesmosis can 
only be assessed after anatomic fixation of the fibula 
(Fig. 29.2). While it is well-established that syndesmotic dis-
ruption is more common with pronation-type (Weber C) fib-
ula fractures, it occurs in 20–30 % of supination-type (Weber 
B) fibula fractures [35, 36]. A tibiofibular clear space 1 cm 
proximal to the tibial plafond of greater than 6 mm on AP 
and mortise radiographs indicates a syndesmotic injury [37]. 
Since the appearance of the tibiofibular clear space does not 
change over an arc of 5° of external rotation to 25° of internal 
rotation, it has been demonstrated to be the more reliable 
radiographic measurement [38].

In the case of subtle injuries (Fig. 29.3a, b), contralateral 
comparison views can be helpful since a difference in tibiofibu-
lar clear space by at least 2 mm indicates syndesmotic injury. 
Fluoroscopic stress evaluation is beneficial but has a high false-
negative rate in low-grade injuries and may not detect partial 
rupture of the AITFL and IOL [39]. In fact, it has been shown 
that malrotation of as much as 30° of external rotation can 
occur if relying on intraoperative fluoroscopy alone [40].

CT scan with fine axial cuts is most useful to evaluate the 
location of the distal fibula in relation to the incisura fibularis 
of the tibia [41]. This is especially true in cases of tibial 
AITFL and PITFL avulsion fractures, which can occur in as 
many as 50 % of syndesmotic injuries [42]. Again, with more 
subtle injuries, the contralateral ankle should be included in 
the field of view to allow comparison. While CT has its 
advantages, one must remember that it remains a static test, 
unless weight-bearing CT is used. Further study is necessary 
to explore the utility of weight-bearing CT.

MRI is beneficial in identifying high and low-grade syn-
desmotic injuries and has high inter-observer reliability [43]. 
It has been shown to have 100 % sensitivity and 93 % speci-
ficity for AITFL injuries and 100 % sensitivity and specific-
ity for PITFL ruptures in cases of high-grade syndesmotic 
injury [44]. Since MRI, like CT, is not a dynamic test and 
therefore is not ideal for detecting syndesmotic instability in 
low-grade injuries.

Ultrasound is a quick, safe, and inexpensive imaging 
modality that allows dynamic testing. It can depict widening 
of the tibiofibular clear space and AITFL disruption when 
applying external rotation stress [45]. One must be cognizant 
that ultrasound is highly operator-dependent and diagnostic 

Fig. 29.1 Preoperative AP radiograph during external rotation stress 
test demonstrating widening of the medial clear space and 
syndesmosis

Fig. 29.2 Intraoperative AP radiograph showing syndesmotic instabil-
ity during stress testing after fibula ORIF
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utility is likely to vary based on the skill and experience of 
the ultrasonographer. Compared to MRI, ultrasound is not 
effective in detecting osteochondral lesions and bone bruis-
ing, which are present in 28 % of cases [46].

If imaging modalities fail to provide a conclusive diagno-
sis, ankle arthroscopy can be used to directly visualize the 
syndesmosis and articular cartilage [47]. Although invasive, 
it can have both diagnostic and therapeutic utility. It is supe-
rior to any imaging modality in terms of its ability to defini-
tively diagnose syndesmotic and osteochondral injuries, and 
allows dynamic instability to be surgically treated in the 
same setting [48].

 Classification

Syndesmotic injuries can be classified based on physical 
examination as described by the West Point Ankle grading 
system [8]. Grade I (low-grade) injuries include mild 
sprains and AITFL ruptures without ankle instability. 
Grade II injuries involve rupture of the AITFL and IOL 
with slight instability. Grade III (high-grade) injuries are 
grossly unstable and result from disruption of all 

 syndesmotic ligaments. It is difficult to differentiate 
between grade I and II injuries based on physical examina-
tion alone, so it is necessary to employ advanced imaging 
or arthroscopy to make this distinction.

Edwards and DeLee developed another classification of 
acute syndesmotic injury without fracture [49]. First, they 
broadly defined these injuries as sprains without diastasis, 
sprains with frank diastasis (evident on initial radiographs), and 
sprains with latent diastasis (diagnosed only on stress radio-
graphs). Second, they categorized injuries as type I, lateral fibu-
lar translation without fracture; type II, lateral fibular translation 
due to plastic deformation of the fibula; type III, posterior sub-
luxation or dislocation of the fibula; and type IV, proximal dis-
location of the talus causing divergence of the distal tibia and 
fibula. Currently, no classification system exists that clearly 
defines treatment guidelines, injury severity, or prognosis.

 Conservative Treatment

Nonoperative treatment is indicated for stable grade I syn-
desmotic injuries. This involves rest and immobilization fol-
lowed by a progressive rehabilitation program consisting of 

a b

Fig. 29.3 (a, b) Preoperative AP (a) and lateral (b) radiographs showing medial malleolus avulsion fracture with suspicion for possible syndes-
motic injury
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stretching, strengthening, and proprioceptive exercises [50]. 
After a 1-week period of protected weight-bearing in a cast 
or CAM boot, progression to full weight-bearing should 
occur over the following week. Additionally, active-assisted 
ankle range of motion exercises and light proprioceptive 
training should commence with the guidance of a physical 
therapist. During the following week (14–21 days post- 
injury), athletes may begin strength training and sports- 
specific exercises. Return to play is permitted when the 
athlete is able to single-leg hop for at least 30 s (or 15 repeti-
tions) without pain, which usually occurs between 4 and 6 
weeks post-injury [2].

The appropriate initial treatment of grade II injuries is 
nonoperative. There is a spectrum of injury within this grade 
and patients exhibit variable recovery times. In patients with 
persistent symptoms and protracted rehabilitation course, 
dynamic stress examination as well as arthroscopic evalua-
tion can be helpful to evaluate ligamentous stability. If 
dynamic testing reveals diastasis of more than 2 mm, surgi-
cal intervention should be considered [26]. Although conser-
vative management leads to good to excellent outcomes in 
86–100 % of patients, the resultant prolonged rehabilitation 
course (average return to play of 13.4 weeks) may be prob-
lematic, particularly in elite athletes [8, 29, 34]. Not surpris-
ingly, patient outcomes are inferior when tibiofibular 
diastasis persists and/or calcification develops above the syn-
desmotic ligaments [51].

 Operative Treatment

 Reduction Technique

There is some debate as to the appropriate clamp position for 
reduction of syndesmotic injuries. While it seems logical 
that an oblique clamp position should be used since the fibula 
is posterior in relation to the tibia, a cadaver study demon-
strated that clamp orientation along the neutral anatomic axis 
yields an optimal reduction[52]. With regard to ankle posi-
tion during clamp reduction and screw placement, it has been 
postulated that the ankle should be dorsiflexed to prevent 
overtightening of the syndesmosis since the talar dome is 
wider anteriorly. Yet, no difference in ankle range of motion 
was noted in a recent study between screws tightened in 
plantarflexion and dorsiflexion [53]. In fact, excessive ankle 
dorsiflexion can posteriorly displace the fibula out of the 
incisura. Therefore, we recommend clamp and screw tight-
ening with the ankle in resting position to prevent malreduc-
tion. It is prudent to have a low threshold to dissect anteriorly 
to the fibula to achieve an anatomic reduction by direct visu-
alization. Some surgeons advocate manual reduction of the 
syndesmosis to avoid overcompression and facilitate an ana-
tomic reduction. The use of a smaller clamp may result in 
fibular translation.

 Radiographic Assessment of Syndesmotic 
Reduction

It is advisable to obtain comparison fluoroscopic AP and lat-
eral views of the contralateral ankle to ascertain the normal 
relationship of the patient’s distal tibia and fibula. Even using 
direct visualization and fluoroscopic guidance, anatomic 
reduction of the syndesmosis can be difficult. In patients 
with associated malleolar fractures, high rates of syndes-
motic malreduction have been observed on postoperative 
imaging, up to 52 % using CT [54–57]. The distance between 
the fibula and posterior facet of the incisura was greater in 
77 % of malreductions, representing iatrogenic internal rota-
tion or anterior translation of the fibula [56]. Syndesmotic 
widening beyond 1.5 mm after open reduction internal fixa-
tion results in poor functional outcomes [54, 58].

In a case report, intraoperative O-arm 3-D cone-beam CT 
was found to be fast and effective in assessing fibular length 
and rotation as well as mortise congruency [59]. Another 
study reported the use of 3-D imaging with mobilized C-arms 
in 251 syndesmotic injuries [60]. This technology identified 
malreductions in 33 % of cases that were corrected during 
the same procedure. Although intraoperative 3-D imaging is 
appealing, it is too expensive for many institutions and it is 
questionable as to whether its benefit outweighs the risk of 
increased radiation exposure and longer surgery duration.

 Diagnostic Arthroscopy

Stress radiographs and MRI have been found to be less effec-
tive than direct arthroscopic visualization in demonstrating 
the true degree of syndesmotic disruption (Fig. 29.3) [44, 
48]. While MRI is very sensitive for detecting syndesmotic 
injuries with flexor hallucis longus edema being a clue to 
posterior tibiofibular ligament injury [61] and CT can detect 
minor (2–3 mm) diastasis [41], neither advanced imaging 
modality is predictive of syndesmotic instability. In addition, 
many patients with syndesmotic injury are at high risk of 
associated traumatic talar osteochondral lesions which can 
be managed arthroscopically at the time of syndesmotic 
evaluation [62]. Syndesmotic injuries can vary widely in the 
degree of severity, with some patients being appropriate 
 candidates for non-operative management and others requir-
ing arthroscopic debridement and/or ORIF [10].

Arthroscopy can be a particularly valuable diagnostic tool 
in the setting of a subtle syndesmotic injury with negative 
radiographs, positive MRI for edema, and a protracted recov-
ery course with vague pain. In these situations, an exam 
under anesthesia is performed, the syndesmosis is probed 
under direct arthroscopic visualization, and distal tibiofibular 
instability is evaluated while performing an external rotation 
stress test (Fig. 29.4a, b). In a cadaveric study, the distance 
between the tibia and fibula at the distal tibiofibular joint 
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averaged 1.3 mm in the anterior syndesmosis, 3.7 mm at the 
midsection, and 3.3 mm at the posterior aspect [63]. 
Therefore, physiologic opening of the syndesmosis depends 
on the level of testing, and an opening of more than 2 mm 
anteriorly is pathologic. When instability is present, 
arthroscopic syndesmotic debridement with percutaneous 
fixation provides good or excellent results [64, 65].

 Treatment of Acute Injuries

Surgical intervention of acute syndesmotic injuries consists 
of screw fixation or dynamic stabilization with a suture- 
button construct or hybrid fixation. A widened mortise on 
weight-bearing radiographs (Fig. 29.5) necessitates surgical 
reduction and stabilization to reestablish normal ankle bio-
mechanics and optimize patient outcomes by preventing 
post-traumatic arthritis and chronic instability [66, 67]. The 
only significant predictor of function after syndesmotic 
injury is maintenance of reduction [36]. Other indications 
for syndesmotic stabilization include a fibula fracture at 
least 4.5 cm proximal to the tibiotalar joint coupled with 
deltoid ligament injury and intraoperative fluoroscopic evi-
dence of gross syndesmotic instability following malleolar 
fixation [68, 69].

The literature is less definitive regarding the manage-
ment of low-grade injuries in athletes with more subtle 
radiographic abnormalities. Surgical stabilization coupled 
with arthroscopic treatment of concomitant intra-articular 
pathology has been recommended for grade II injuries 
[34]. Since grade III injuries are commonly associated 
with osteochondral defects as well as deltoid and lateral 
ligamentous ruptures, preoperative advanced imaging 
and/or intraoperative arthroscopy can be beneficial. 
Return to play in as early as 6 weeks has been demon-
strated with early surgical intervention for grade III syn-
desmotic sprains paired with an aggressive rehabilitation 
protocol [70].Fig. 29.4 Arthroscopic image of complete syndesmotic disruption

a b

Fig. 29.5 (a, b) Arthroscopic images of a patient with a subtle syndesmotic injury before (a) and after (b) stress examination
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 Screw Fixation
Despite an abundance of research on the topic, there remains 
no clear consensus regarding the ideal technique of syndes-
motic stabilization. In general, most agree that implants should 
be placed at least 1.5 cm proximal to the tibial plafond 
(Fig. 29.6) to avoid the true syndesmotic joint, parallel to the 
joint and directed from posterolateral to anteromedial at a 
25–30° angle from the coronal plane while an external clamp 
or other reduction aid is maintaining the reduction [71, 72]. It 
is well-established that screws should not be placed in lag fash-
ion as this would overcompress the syndesmosis. Ongoing 
debate exists with respect to screw number and type, number of 
cortices penetrated, and the need for reoperation for hardware 
removal. Most commonly, either 3.5 or 4.5-mm fully threaded 
cortical screws are utilized depending on surgeon preference, 
patient size, and degree of instability. When using two syndes-
motic screws, a cadaveric study showed that screw size (3.5 or 
4.5-mm) and number of engaged cortices (tricortical or quadri-
cortical) had no significant impact on mechanical stability [73].

Other studies have demonstrated that 4.5-mm screws 
have higher resistance to shear stress while 3.5-mm screws 
are more likely to break [74, 75]. Proponents of tricortical 
screws argue that more physiologic motion is preserved, 

while those in favor of quadricortical screws assert that 
more robust fixation is achieved and complete hardware 
removal is more easily performed after screw breakage [75]. 
One study showed that one quadricortical 4.5-mm screw 
had equivalent functional outcome, range of motion, and 
pain level as two 3.5- mm screws placed tricortically [76]. 
Bioabsorbable screws have been shown to function as effec-
tively as conventional stainless steel screws at 1-year fol-
low-up; [77] however, they are not commonly used because 
granuloma formation and foreign body reaction are poten-
tial complications [78].

Even in the absence of fibular fracture, a one-third tubu-
lar plate with fibula-only screws placed proximally and dis-
tally can be used in conjunction with syndesmotic screws. 
This plate functions both as a washer to distribute forces on 
the fibula and to optimize syndesmotic screw position 
within the fibula (Fig. 29.7a, b). The plate also improves 
stiffness and decreases the likelihood of stress fracture fol-
lowing syndesmotic screw removal. In a recent cadaveric 
study, retention of a supplementary one-third tubular plate 
following syndesmotic screws removal increased fibular 
torsional stiffness in comparison to syndesmotic screw-
only specimens [79].

Fig. 29.6 Weight-bearing mortise radiograph demonstrating gross 
syndesmotic widening

Fig. 29.7 Postoperative mortise radiograph showing syndesmotic fix-
ation with two fully-threaded quadricortical screws
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 Dynamic Suture-Button Fixation
Dynamic stabilization of the syndesmosis using a suture- 
button fixation (TightRope, Arthrex, Inc., Naples, FL, USA) 
has become increasingly popular particularly in the treat-
ment of athletes because it theoretically allows more physi-
ologic motion at the syndesmosis and does not require an 
additional surgery for implant removal (Fig. 29.8) [80, 81]. 
Some authors favor the use of a one-third tubular plate with 
a single 4.5-mm tricortical syndesmotic screw and one suture 
button in elite athletes to obtain the benefits of both implants 
(Fig. 29.9) [25]. It is important to mention that there are sev-
eral reports of skin irriation and granuloma formation from 
suture knots as well as osteolysis and osteomyelitis requiring 
surgical removal [82, 83]. Since these reports, the 
 manufacturer has developed a knotless suture button that is 
currently in use but limited data exists at this time regarding 
long-term outcomes with this implant.

Although biomechanical studies have demonstrated mar-
ginally lower stability with suture buttons compared to screw 
fixation, it is this decrease in multidirectional rigidity that 
allows more anatomic micromotion (Fig. 29.10a, b) [84, 85]. 
In a cadaver model with deliberate syndesmotic malreduction, 

a b

Fig. 29.8 (a, b) Intraoperative AP (a) and lateral (b) radiographs showing syndesmotic fixation with one-third tubular plate to distribute forces 
on the fibula

Fig. 29.9 Intraoperative AP radiograph of suture-button fixation with 
one-third tubular plate-screw construct
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suture-button stabilization resulted in decreased post- operative 
displacement as opposed to conventional screw fixation [86]. 
Therefore, dynamic syndesmotic fixation may help to decrease 
the negative sequelae of iatrogenic clamp malreduction. 
Biomechanical studies are limited in their ability to replicate 
the actual forces of physiologic loading endured by the ankle 
during ambulation and athletic participation.

Multiple clinical studies have directly compared suture 
buttons and screws. In a series of 46 patients with average 
follow-up of 2.5 years, no malreductions were observed with 
the use of suture-button compared with a 21.7 % malreduc-
tion rate in the screw group [87]. Additionally, this study 
reported no significant differences in clinical outcome scores 
or time to full weight bearing. In a recent prospective ran-
domized multicenter trial, dynamic suture-button fixation 
was shown to provide adequate syndesmotic stabilization 
without failure or loss of reduction with a significantly lower 
reoperation rate compared with single 3.5-mm quadricortical 
screw fixation [88]. In addition, better clinical outcome 
scores were observed in the dynamic fixation group but this 
difference did not reach statistical significance.Fig. 29.10 Intraoperative AP radiograph of hybrid syndesmotic fixation

a b

Fig. 29.11 (a, b) Postoperative AP (a) and lateral (b) radiographs showing syndesmotic fixation with two suture buttons alone
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 Screw Removal
We do not recommend routine removal of syndesmotic 
screws placed proximal to the true syndesmotic joint. 
Exceptions include hardware infection, symptomatic hard-
ware, syndesmotic malreduction, and the need for revision 
surgery. Screws removed prematurely (median of 9 weeks 
after surgery) resulted in a 10 % loss of reduction [36]. 
Multiple studies have demonstrated that retention of 
 syndesmotic screws, including those that are broken, does 
not pose a clinical problem [89, 90]. In the case of postopera-
tive syndesmotic malreduction, the first step is to remove the 
syndesmotic screws. In a recent case series, 36 % of syndes-
mosis were malreduced after screw placement and 89 % of 
these reduced after screw removal [91].

 Rehabilitation and Back-to-Sports

Postoperatively, patients are made non-weight-bearing in a 
splint for 2 weeks to allow soft tissue healing and subsidence 
of swelling. Range of motion exercises commence 2–3 
weeks after surgery if wound healing is appropriate. Partial 
weight bearing in a CAM boot can begin at 3–4 weeks post-
operatively in a compliant, highly motivated patient. Full 
weight bearing as tolerated is initiated at 4 weeks after sur-
gery along with proprioceptive and strength exercises. The 
return to running and high-impact sports is guided by patient 
symptoms and progression with a graduated rehabilitation 
protocol but generally is permitted at 8–10 weeks.

Again, if screws or suture-buttons are placed above the 
true syndesmotic joint, we do not recommend routine 
removal. In the case of intolerable symptomatic hardware, the 
surgeon should wait a minimum of 12 weeks before removing 
hardware to prevent recurrent diastasis. Screws placed across 
the true syndesmotic joint should not be removed before 12 
weeks. After screw removal, a period of protected weight 
bearing is recommended to prevent fracture at the level of the 
screw holes. Leaving a one-third tubular plate in place has 
been shown to improve torsional strength of the fibula [79]. 
As previously mentioned, multiple studies have shown no dif-
ference in clinical outcome between patients with retained 
and removed syndesmotic screws [89, 90, 92]. Some evi-
dence supports the contention that screw removal can facili-
tate improved ankle motion and patient function but generally 
retained screws will break to allow restoration of motion [90].

Less definitive information exists regarding suture buttons 
but theoretically these implants allow more physiologic syn-
desmotic multidirectional motion. In a recent series of 25 
patients, the average reported time to full-weight-bearing was 
5.5 weeks using a suture-button technique without any recur-
rent diastasis at 10.9 months after surgery [93]. The majority 
of patients in this series were treated with a single suture but-
ton, while four had two devices placed. Patients had signifi-
cant improvement in SF-12 and AOFAS-Hindfoot scores.

 Evidence

The vast majority of literature surrounding treatment of syn-
desmotic injuries is based on level IV and V data, as well as 
anecdotal experience. No level I studies exist on this topic to 
our knowledge. With regard to our references, there are 12 
level II studies and one level III study. The remainder are 
level IV and V studies.

 Summary

 1. In the case of subtle syndesmotic injuries, contralateral 
comparison weight-bearing radiographs are recommended. 
While CT and MRI can provide additional information, 
these are static tests that will not identify instability.

 2. Arthroscopy is a very sensitive and accurate means of 
diagnosing syndesmotic instability and allows the sur-
geon to identify and treat other intra-articular injuries. 
Physiologic syndesmotic opening varies among individu-
als, but an anterior opening of more than 2 mm is 
pathologic.

 3. Syndesmotic implants, whether screws or suture buttons, 
should be placed above the true syndesmotic joint (more 
than 15 mm above the plafond) and therefore do not 
require routine removal. Premature screw removal can 
lead to recurrent diastasis.

 4. Anatomic syndesmotic reduction is the most important 
predictor of functional outcome. To avoid iatrogenic mal-
reduction, a large clamp should be placed in a transverse 
orientation with the ankle in resting position while using 
intraoperative fluoroscopy with comparison views.

 5. In cases of concomitant syndesmotic and deltoid injury, 
one should strongly consider visualizing and repairing the 
deltoid ligament. The superficial deltoid can avulse off 
the medial malleolus and become entrapped in the medial 
gutter obstructing anatomic reduction.

 6. The optimal treatment of syndesmotic injuries remains 
controversial and discrepancies exist in the literature 
regarding return to play for elite athletes. Future level I 
studies with long-term follow-up are necessary to provide 
these answers.
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Acute and Chronic Subtalar,  
Chopart- and Lisfranc Instability

Sergio Tejero

Abstract

In athletes the repetitive sprain of foot and ankle could lead to acute or chronic hindfoot and 
midfoot instability. Mechanical instability is defined as laxity and excessive joint motion of the 
joints caused by structural damage of the supporting ligamentous tissues, which could need 
operative treatment. Functional instability does not exhibit any physical laxity of the joints 
because it may be caused by specific insufficiencies in proprioception, neuromuscular control, 
postural control, or muscle strength, which were mainly treated by physiotherapeutic rehabilita-
tion if there were any neuromuscular disorders previously. Early diagnosis and appropriate treat-
ment are considered vital by the athlete to return to the best sport level as soon as possible.
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 Subtalar Instabiliy

 Etiology and Pathomechanism

Isolated subtalar instability and complex subtalar and ankle 
instability are disorders that still remain controversial actu-
ally. The posterior component of the subtalar joint is made 
up by the thalamus of the calcaneus, which forms a convex 
cylinder jointed on an equivalently concave talar surface. 
Great individual variations have been reported in the archi-
tecture of the anterior component [1]. It is formed by the 
anterior and middle facets of the calcaneus, the concave sur-
face of the navicular bone and the spring ligament (acetabu-
lum pedis) [2]. The subtalar joint acts as a switch, with two 
positions controlling the movement of the other foot joints: 
inversion or midtarsal joint locking, with both columns 
arranged in a divergent position and eversion or release of 
the midtarsal joint, with both columns in a parallel position. 

A forced inversion leads to rotational incongruence of the 
posterior and anterior components, compromising the rest of 
the joints proximally and distally, potentially leading to the 
long-term degeneration of the joints involved.

The typical acute injury in athletes that could lead to 
chronic instability of the subtalar joint is a severe supination- 
inversion applied to the hindfoot. Chronic instability is pro-
duced by these repetitive lateral sprains that injure the passive 
soft-tissue stabilizers. This results in a progressive injury of 
the three stabilizing layers [3]. The most superficial and lat-
eral layer is made up by the lateral root of the inferior exten-
sor retinaculum, the lateral talocalcaneal ligament and 
calcaneofibular ligament. The intermediate layer consists of 
the intermediate root of the inferior extensor retinaculum and 
the cervical ligament. The deep layer consists of the medial 
root of the inferior extensor retinaculum and the interosseus 
talocalcaneal ligament (ITCL), recognized as the primary 
restraint of the subtalar joint. A disruption of this ligament 
causes an unphysiological anterolateral rotational talar dis-
placement. When due to an inversion trauma the anterior 
talofibular ligament (ATFL) is also affected, and since pre-
sumably the ITCL contributes to the stability to the ankle 
joint, the instability of the ankle-subtalar complex could be 
considered as a chronic disease [4].
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On the other hand, acute subtalar dislocation is a rela-
tively uncommon injury (1–2 % of all joint dislocations). 
Low- and high-energy mechanisms create two subtypes of 
subtalar dislocations. High-injuries are more likely to be 
open (20–40 % of all), more likely to be lateral, and have a 
higher incidence of associated fracture with worse long-term 
prognosis [5]. Nevertheless, it may result from a twisting 
athletic injury (Fig. 30.1). The dislocation involves the talo-
calcanal and talonavicular joints. Forced inversion of the foot 
results in a medial subtalar dislocation whereas eversion 
causes a lateral dislocation. The acute subtalar dislocation 
does not usually result in chronic subtalar instability. Rather, 
some patients present later with painful stiffness of the sub-
talar joint. The progression of posttraumatic degenerative 
changes is common in patients who have experienced a sub-
talar dislocation [4].

 Symptoms

In the acute phase after subtalar sprain clinical findings are 
similar to those in patients with severe ankle sprain: lateral 
ecchymosis/hematoma, swelling, and tenderness, often 
localized laterally in the area of the sinus tarsi. In the chronic 
disease due to repetitive sprains, the athletes complain about 

permanent or recurrent feeling of instability of the ankle like 
“given away” [6]. Other symptoms include recurrent swell-
ing, painful stiffness of the subtalar joint and diffuse pain in 
the hindfoot, which significantly aggravates during athletic 
activities. Additionally, uneven surfaces may cause pain and 
feeling of instability. Athletic activities can exacerbate the 
symptoms and therefore, athletes prefer to wear subtalar sta-
bilizing orthoses or functional tappings.

 Diagnosis

On the physical examination, lower limb alignment should be 
assessed, especially regarding cavovarus deformity and the 
function of the peroneal tendons. Chronic subtalar instability 
has signs and symptoms comparable with those of ankle insta-
bility [7]. When the pain level allows stressing of the hindfoot, 
it usually reveals an increased amount of inversion, although 
other times anesthesia injection into sinus tarsi is needed to 
explore it [6]. A separation of the posterior facet of the calca-
neus and talus greater than 7 mm may indicate chronic subta-
lar instability for some authors [8]. Nevertheless, it has been 
documented that Borden’s view technique shows certain limi-
tations [9]. We use an original device which allows for axial 
load while maintaining both hindfeet in  supination and 

Fig. 30.1 Acute posteromedial subtalar dislocation without fractures
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 maximum internal rotation while performing the CT scan. 
Later another CT scan is performed but with both feet in maxi-
mum pronation and external rotation. Divergence of the talo-
calcaneal angle is measured in these stress positions. This 
method assesses excess joint mobility between the symptom-
atic and the contralateral subtalar joint (Fig. 30.2) [4, 6, 10]. 
Injury of the ligaments can be confirmed by means of an 
endoscopy prior to surgical treatment (Fig. 30.3).

 Conservative Treatment

In an acute sprain the usual treatment for lateral ankle inju-
ries will suffice for subtalar ligamentous injuries, as well. 

RICE (rest, ice, compression and elevation) is part of a good 
protocol as well as immobilization and physical therapy, 
when necessary. As in chronic ankle instability physical 
therapy directed at the soft tissue envelope and dynamic sta-
bilizers will include the same muscle groups that are empha-
sized in ankle rehabilitation, not just the peroneals, but global 
strengthening around the ankle and hindfoot. Achilles ten-
don stretching and flexibility will allow better hindfoot posi-
tion and prevent rigid hindfoot positioning from a tight 
gastrocnemius complex. Balance and proprioception exer-
cises will work for both the ankle and subtalar joints. Bracing 
to reduce joint motion of the ankle and subtalar is important 
although a subtalar sling may impede performance of certain 
activities [11]. High top footwear may also help to reduce 

a b c

Fig. 30.2 (a) Rotatory subtalar instability confirmed by CT Scan through an original device for stress of the hindfoot in inversion and internal 
rotation while an axial load is applied. (b, c) Posterior subtalar subluxation in this stress position

a b

Fig. 30.3 (a) Ligaments of the Sinus tarsi may be explored by direct endoscopic view. (b) Interosseus talocalcaneal ligament
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pain. Hindfoot malalignment should be evaluated and first 
treated with orthotics if possible [12].

 Surgery

In case of failure of conservative care, surgical treatment is indi-
cated [13, 14]. When there are other symptoms (anterolateral, pos-
terior ankle impingement, tenderness of peroneal tendons) in 
addition to instability, an arthroscopic or tendoscopic evaluation 
may be recommendable [15–17]. When MR imaging or 
arthroscopic evaluation reveal a relatively normal anatomy with an 
intact CFL and ITCL, but clinically there remains a suspicion of 
instability, modified extensor retinaculum advancement onto the 
fibula is suggested as a means ensuring ST joint stability [18]. 
When a clear ST joint instability is suspected, reconstruction of the 
lateral ligament complex, including the CFL and ATFL should be 
performed (modified Brostrom) [19, 20]. Several surgical proce-
dures have been described in the recent literature: anatomic repairs 
as well as tendon transfer procedures [4, 6]. Nevertheless, removing 
the peroneus brevis would cancel the role of the dynamic stabilizers 
of hindfoot inversion; therefore, anatomic repair is preferable in 
athletes. An augmentation with a free plantaris tendon graft or 
semitendinous allograft tendon with anatomic placement may be 
performed and fixed with interferential screws for reconstruction of 
the AFTL and CFL [21]. However, other researchers have stressed 
that if the ITCL is injured, a triligamentous reconstruction, includ-
ing anatomic reconstruction of the CFL, ATFL and cervical liga-
ment should be performed [22, 23]. Others advocate that taking into 
account the importance of the ITCL as a primary stabilizer of the 
subtalar joint, ITCL reconstruction appears reasonable and promis-
ing even by arthroscopic techniques [24–26]. Nevertheless, when 
many procedures are described to correct one condition, this means 
that none is perfect. Therefore, further research is required to rec-
ommend an ideal technique to stabilize the ankle-hindfoot complex 
without causing subtalar stiffness.

The risk of lateral stabilization techniques is causing 
nerve lesions (intermediate branch of the superficial pero-
neal nerve proximally and the sural nerve distally), which 
may result in a symptomatic neuroma. On the other hand, 
excessive tension of the plasty causes subtalar stiffness, pre-
venting a correct adaptation to the ground. Persistent postop-
erative pain is further potential complication.

In general, after surgical treatment subjects should be 
casted for four-six weeks postoperatively, followed by a course 
of bracing and rehabilitation for an additional six weeks.

 Rehabilitation and Back-to-Sports

Non-weightbearing should be maintained for 1–2 weeks. 
The rehabilitation program is based on increasing ankle 
joint movement range and strength, and stretching Achilles 

tendon after 4–6 weeks Proprioceptive training is initiated 
with strengthening after closed chain exercises are started 
[27]. In general, subjects should return to training at week 
16 if possible and start to compete at week 20–24 after 
surgery. Before that, readaptation to physical activity by 
means of simulation of the movements specific to the rel-
evant sport.

 Prevention

A well-regimented program of isometric and eccentric pero-
neal strengthening exercises, before and during the season in 
athletes is mandatory. This may prevent hindfoot instability 
and thus loss of playing time [28].

 Evidence

The authors compared MRI and arthroscopy for evaluation 
the injuries of intrinsic ligamentous of sinus tarsi and they 
concluded that MRI is useful for detecting CL tears, sinus 
tarsi fat alterations, and synovial thickening, but is inade-
quate for correctly detecting ITCL tears.

Lee KB, Bai LB, Park JG, Song EK, Lee JJ. Efficacy of 
MRI Arthroscopy for Evaluation of Sinus Tarsi Syndrome. 
Foot Ank Int 2008. 29(11): 1111–1116.

Level II, Prospective Comparative Study. Grade of 
Recommendation: B

 Summary

• Subtalar joint pain and instability is a problem encoun-
tered in athletes who suffered repetitive supination of the 
hindfoot, and all seem to attenuate the lateral ligaments of 
the ankle and deep ligamentous layers of the subtalar 
joint.

• The diagnosis must be inferred from an accurate history, 
physical examination, conferring radiographic and CT 
scan studies, and failure of non-surgical management 
(often, for ankle instability).

• Post-injury measures include early (ice and immobiliza-
tion) and late (bracing and proprioceptive training).

• When conservative treatment fails, surgical procedures 
attempt to recreate the lateral ligament structures (CFL, 
ATLF, inferior retinaculum retension) should be 
performed

• The ideal treatment seems to reconstruct the cervical and 
the interosseous talocalcaneal ligaments to control the 
rotational movement and to avoid excessive constraint 
subtalar joint although further work is needed.
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 Chopart Instabiliy

 Etiology and Pathomechanism

Isolated soft tissue injuries of the Chopart joint are scarcely 
described in literature because they are uncommon (10–
25 %) owing to the close proximity of the adjacent subtalar 
and Lisfranc joints. The amount of force required to cause 
ligamentous disruption often results in multiple fracture and/
or dislocations, and the Lisfranc or subtalar joints usually fail 
first [29, 30]. Notwithstanding, sometimes high-energy acci-
dents in sports practice may result in Chopart joint luxation 
without bony injuries (Fig. 30.4).

The spring ligament complex helps maintaining the 
medial longitudinal arch by serving as a fibrocartilaginous 
sling for the head of the talus at the talonavicular joint. The 
cause of spring ligament incompetence remains unclear 
although it seems to be secondary to acute trauma or repeti-
tive microtrauma in eversion. A low-energy plantarflexion 
injury while running with subluxation of the Chopart joint 
may injure the anterior talonavicular ligament dorsally. On 
the other hand, classic dancers who have to perform extreme 
positions as pointe and demi-pointe experience many acute 
and overuse injuries (Fig. 30.5) [31–37]. In such position, 
the anterior talonavicular ligament plays an important role in 
stabilizing the talar head. When the foot is in plantar flexion, 
the talus is also stabilized by the anterior talofibular liga-
ment. However, this ligament is often lax in dancers because 
of multiple previous ankle sprains, which lead to anterior 
laxity, or because of the natural ligamentous laxity com-
monly found in dancers. Contraction of the tibialis  posterior 

muscle pulls the navicular down and medially. Thus, the talar 
head is partially subluxated anteriorly and laterally [38].

The calcaneocuboid joint is very resistant to dorsal flex-
ion due to the bony roof of the anterior part of the calcaneous 
and the strong plantar ligament complex. However in sports, 
many cases of inversion sprain when the foot is more plan-
tarflexed and is twisted over the fifth metatarsal head can 
injure the dorsolateral calcaneocuboid ligament without 
bony involvement [39, 40].

 Symptoms

The athletes affected by talonavicular instability feel the 
occurrence of rolling over on the midfoot in pronation or 

a b

Fig. 30.4 (a) Talonavicular and calcaneocuboid luxation without fractures; (b) Subluxation of the Chopart joint is also present before the closed 
reduction (an open reduction was needed)

Fig. 30.5 Professional ballet dancer performing a grand plie on pointes
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internal rotation and tenderness on the spring ligament and 
tibial posterior tendon [41]. Chopart instability, the chronic 
phase, load-induced pain during sports activities and fear of 
giving-way or recurrent giving-way are the leading symp-
toms [40].

 Diagnosis

On the physical examination, lower limb alignment should 
be assessed, especially regarding valgus deformity and the 
function of the PTT tendons. To assess the radiographic 
alignment weight-bearing plain radiography is mandatory. 
Oblique view of the foot can advocate irregularity of the 
S-shaped Cyma line (Fig. 30.4) [42]. Stress radiography 
could reveal instability to varus stress testing of the trans-
verse tarsal joints with diastasis of the calcaneocuboid joint 
and associated medial translation of the navicular [43]. 
Calcaneocuboid joint injuries that are inconspicuous in a 
dorsoplantar overview x-ray may be differentiated based on 
the lateral calcaneocuboid angle in a stress x-ray, where val-
ues below 10° are thought to represent a stable joint, whereas 
values >10° may identify an unstable calcaneocuboid joint 
[40, 43]. CT scan is important in acute cases to identify the 
presence of associated fractures or bony osteochondral injury 
that may require concomitant treatment. MRI may be helpful 
in mainly ligamentous injuries. Sonographic and endoscopic 
view may be used to assess PTT and superomedial part of 
spring ligament and others medial structures [44].

 Classification

The medial injuries are classified as grade I tears, longitudi-
nal tear of the spring ligament; grade II, spring ligament lax-
ity without gross tear; and grade III, complete rupture of the 
spring ligament [41, 45].

 Conservative Treatment

In an acute sprain the standard RICE treatment is part of the 
protocol as well as immobilization and physical therapy, when 
necessary. In cases of acute Chopart dislocation, midfoot 
should be reduced as soon as possible under regional anesthe-
sia or/and sedation. In subluxation in dancers, reduction 
should be performed in a prone position, with the knee flexed 
at 90°, opening the subtalar joint by first applying a vertical 
upward force with the hand holding the calcaneus and apply-
ing a posterior stress on the head of the talus. Reduction may 
be secured by casting in cases of dislocation or by tape around 
the midtarsal joint and the ankle in cases of subluxation.

In chronic midtarsal instability, Achilles tendon stretch-
ing and flexibility will allow better hindfoot position and 

 prevent rigid hindfoot positioning from a tight gastrocne-
mius complex. Balance and proprioception exercises should 
be the base of this treatment in athletes, together with plantar 
orthotics to sustain the medial longitudinal arch and protec-
tive taping. In case of failure of conservative care, surgical 
treatment should be considered.

 Surgery
Although some surgeons only repair the spring ligament 
directly, an augmentation through flexor digitorum longus 
(FDL) transfer may be recommended in athletes [46]. In cases 
of injured isolated dorsolateral calcaneocuboid ligament, the 
surgical procedure involves a reefing (tensioning) of the 
stretched original dorsal calcaneocuboid ligament and an aug-
mentation by a local periosteal flap. A sharp U-shaped incision 
through the periosteum is performed at the anterolateral calca-
neus with its open end adjacent to the calcaneocuboid joint 
line. Then the periosteal flap is slightly tightened back to its 
original position with the foot passively held in abduction [43].

The main risk in surgical stabilization techniques is nerve 
lesions (sural nerve).

In general, after surgical treatment the subjects should 
be casted for four-six weeks postoperatively, followed by a 
course of bracing and rehabilitation for an additional six 
weeks.

 Rehabilitation and Back-to-Sports

After the first dislocation episode immobilization should be 
maintained for 4–6 weeks. In cases of subluxation in danc-
ers, specific proprioceptive training of the anteroposterior 
balance of the feet is started at 3–4 weeks. Later, dancers are 
allowed to resume dancing with protective taping that locks 
the anterior opening of the talonavicular joint [38].

After calcaneocuboid ligament reconstruction load bear-
ing is allowed with an orthotic protection and a night splint 
until the week 6 postoperatively. At the week 2 postopera-
tively, intrinsic foot muscle training (physiotherapeutically 
guided toe strengthening of the PTT and peroneal tendons), 
active as well as passive supination and adduction of the foot 
should be restricted for 6 weeks postoperatively. Jogging 
activities can be allowed starting from week 8 postoperatively 
with a standard jogging shoe equipped with an individually 
constructed orthotic insert in order to align the calcaneocu-
boid joint and therefore protect it from non- physiological 
loads. Return to training at 16–20 weeks if possible.

 Prevention

A well-regimented program of isometric and eccentric peroneal 
strengthening exercises, before and during the season in athletes 
is mandatory. Stretching of the Achilles tendon is  mandatory. 
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Orthotics should be assessed every season. This could prevent 
hindfoot instability and thus loss of playing time [28].

 Evidence

In a retrospective review, 110 Chopart joint dislocations were 
treated and evaluated in the authors’s institution. A closed 
reduction yielded good results only in pure dislocations. An 
anatomical open reduction is recomended to avoid functional 
restrictions especially in Chopart fracture-dislocations.

Ricther M, Thermann H, Huefner T, Schmidt U, Goesling 
T, Krettek C. Chopart Joint Fracture-Dislocation: Initial 
Open reduction Provides Better Outcome Than Closed 
Reduction. FAI, 25 (5):340–348, 2004.

Level IV. Grade of recommendation: C

 Summary

• Although it is quite infrequent, a low-energy plantarflex-
ion injury while running with subluxation of the Chopart 
joint may injure the calcanealnavicular ligament or the 
dorsolateral calcaneacoboid ligament.

• There is a strong association of deltoid ligament sprain 
with tibiofibular syndesmosis injury, PTT injury, and 
injury to the subtalar and transverse tarsal joints; there-
fore, the clinician should keep in mind that there is a high 
likelihood of associated injury [26].

• Oblique view of the foot can advocate irregularity of the 
S-shaped Cyma line. CT scan is necessary if there is a 
dislocation and possible fractures should be ruled out.

• In dancers, Chopart subluxation could occur after a grand 
plie on pointes or at the landing of a jump on demi- 
pointes, without any mechanism of ankle sprain.

• Before repairing only the spring ligament it is necessary 
to exclude misalignment and PPT disfunction by tendo-
scopic view or through sonographic exploration. The dor-
solateral calcaneocuboid ligament may be tensioned by 
augmentation of a local periosteal flap.

 Lisfranc Instability

 Etiology and Pathomechanism

Midfoot sprains are the second most common athletic foot 
injury (after injuries to the metatarsophalangeal joint). Every 
year 4 % of American football players suffer this injury, 
which is most common among offensive linemen (29.2 %) 
[47]. These sprains occur after an indirect low–energy force 
and present in a more subtle manner. In acute injuries, two 
main mechanisms of injury have been described in athletes. 
The first occurs in athletes that have their feet held in a strap, 

such as equestrians and windsurfers, who sustain a hyper-
plantarflexion force while the body falls backward. The sec-
ond mechanism is when the foot is in hyperplantarflexion 
with the metataseophalangeal joint maximally dorsiflexed; 
in this position it they sustain a direct force onto their heel by 
a falling player that leads to hyperplantaflexion [48]. These 
injuries have been also described in other sporting disci-
plines such a as football, basketball and running but they also 
appear to have a high incidence in gymnastics; in this case 
they may caused by direct forces that occur when the foot 
hits the balance beam [49]. This type of injuries have been 
also described but they are much less frequent in comparison 
with other disciplines: This may be due to the stability of the 
pointe shoes, the physiologic control of the dancer, and pos-
sibly a degree of increased stability of the joint during the 
end-pointe position [50].

On the other hand, repetitive and missed midfoot sprains 
can lead to chronic pain and functional loss due to arthritis, 
deformity, or residual and chronic ligamentous instability.

 Symptoms

Lisfranc injuries from high-energy mechanisms are associ-
ated to more prominent examination findings such as signifi-
cant bruising, swelling, pain and instability; however, a 
proportion is still missed. In the low-energy injuries with 
more subtle signs and a lower index of suspicion they may be 
even more difficult to detect. Such difficulty is increased by 
the fact that athletes often tend to underestimate the injury 
and try to walk it off [49].

 Diagnosis

The history of the mechanism of injury provides important 
clues. Passive dorsiflexion and abduction of the forefoot 
cause pain, while dorsal bruising over the forefoot may 
appear later. Bilateral injuries can be found in windsurfers 
and parachutists [51]. Anteroposterior, 30° oblique and lat-
eral radiographs are mandatory in these cases. Presence of 
one of the five following elements will support the diagnosis: 
(1) Loss of alignment of the medial border of the second 
metatarsal with the medial border of the medial cuneiform; 
(2) Diastasis greater than 2 mm between the base of first and 
second metatarsals on AP view, or a difference greater than 
1 mm with the uninjured contralateral foot; (3) Loss of align-
ment between the medial border of fourth metatarsal and the 
medial border of the cuboid on oblique view (4) Presence of 
the fleck sign on the AP view representing an avulsion of the 
Lisfranc ligament; (5) Loss of alignment between the plantar 
aspect of the fifth metatarsal and the medial cuneiform on the 
lateral view. Weight-bearing views or stress views (an ankle 
block with local anesthesia could allow this) to compare with 
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the contralateral uninjured foot can be helpful [52]. 
Computed tomography scanning provides a more accurate 
assessment of minor displacement, showing occult fractures 
and helping preoperative planning [53–56]. Magnetic reso-
nance imaging (MRI) scans, on the other hand, may be more 
helpful in identifying Stage I injuries [57–60]. Disruption of 
the plantar ligament between first cuneiform and the bases of 
the second and third metatarsals on MRI has been shown to 
be the strongest predictor of intraoperative instability with 
sensitivity and predictive values of 94 % [61] (Fig. 30.6).

 Classification

Nunley and Vertullo have put forward a classification system 
that addresses injuries in sport, based on clinical examina-
tion, comparative weight-bearing radiographs, and bone 
scans (Fig. 30.7) [62].

 Conservative Treatment

Although a plaster cast may initially hold an anatomic closed 
reduction, as the swelling subsides this is often lost [63]. 
Nonoperative treatment should be reserved for athletes 
with stable Stage I injuries, and good results have been 
reported both when athletes are kept in a non–weight- bearing 
cast for 6 weeks and when they are allowed to bear weight 
immediately in an orthotic [62, 64]. Despite the variation 
existing in nonoperative treatment for Stage I injuries, the 
evidence shows that athletes with this type of injuries will 
recover and are usually able to return to sport [48, 62, 64].

 Surgery

Patients with diastasis of more than 2 mm, especially among 
the elite athletes, should still be operatively treated if 

 identified. Closed reduction may be possible, although some 
argue that an open reduction may be the best option to 
restore joint congruency [65]. It can be achieved by traction 
with finger traps and applying plantarflexion and supination 
of the forefoot, followed by dorsiflexion and pronation [66]. 
Percutaneous fixation may then be used, but if we do not 
achieve a reduction of the displacement in a closed manner, 
open reduction through two longitudinal incisions should be 
undertaken. After open reduction screw fixation is the pre-
ferred option, usually with 3.5- or 4.0-mm [67] (Fig. 30.8). 
K-wires may be used to stabilize the fourth and fifth TMT 
articulations if necessary. In order to avoid compromising 
the joint locking plates may be used to avoid. The trend to 
provide a more physiologic fixation to the Lisfranc articula-
tion and to reduce the need for screw removal has led to 
using a suture-button fixation. This technique is promising; 
however, it requires further research in the athlete popula-
tion [68]. On the other hand, when symptomatic chronic 
lisfranc instability is detected a fusion of the first-third 
TMT joint is needed.

The risks of this surgery are complications related to 
nerves and vascular elements (deep peroneal nerve and arte-
ria pedis).

After surgical treatment a protection for at least 6 weeks 
is recommended, but this may be extended depending on the 
degree of injury [69]. It is common to have problems with 
screws arising after fixation, and screws have to be removed 
in approximately 16 % of patients [49]. Some surgeons pre-
fer to remove the screws only when patients are symptomatic 
[60, 70].

 Rehabilitation and Back-to-Sports

At week 3 postoperatively, intrinsic foot muscle training 
(physiotherapeutically guided toe strengthening of PTT and 
peroneal tendons) should be started Weight-bearing exer-
cises should be restricted for 6 weeks postoperatively. 

a b

Fig. 30.6 Anatomical dissection to the Lisfranc joint. (a) The arrow points at the intact Lisfranc ligament. (b) The first ray may be separated from 
the second ray easily when the Lisfranc ligament is sectioned
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Lisfranc ligament
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Ruptured Lisfrance
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Ruptured Lisfranca
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Diastasis. no arch
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loss of longitudinal
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a b

c

Fig. 30.7 Nunley and Vertullo’s Classification of Lisfranc subtle inju-
ries. (a) Stage I is a sprain of the Lisfranc ligament with no diastasis or 
arch height loss seen on radiographs but increased uptake on bone scinti-
grams; (b) Stage II sprains have a first to second intermetatarsal diastasis 
of 1–5 mm because of failure of the Lisfranc ligament but no arch height 

loss. (c) Stage III sprains display first to second intermetatarsal diastasis 
and loss of arch height, as represented by a decrease in or inversion of the 
distance between the plantar aspect of the fifth metatarsal bone and the 
plantar aspect of the medial cuneiform bone on an erect lateral radio-
graph (Reprinted with permission from Nunley and Vertullo [62])

a b c

Fig. 30.8 Screw fixation for a Lisfranc injury (a) Lisfranc injury with basal fracture of the second metatarsal (b) and (c) after reduction and fixation
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Athletes with Stage I and Stage II injuries have been reported 
to be able to return to sport activity after just 12–14 weeks, 
and there is no evidence that operative treatment may will 
shorten this time [48, 49, 62]. Stage III injuries (or greater) 
have a worse outcome.

 Prevention

It is recommended to use of a well-molded arch support 
orthotic for athletic activities for 3–4 months after injury 
[53]. A well-regimented program of intrinsic and extrinsic 
muscles strengthening exercises, before and during the sea-
son in athletes is mandatory. Stretching of the Achilles ten-
don remains important.

 Evidence

A systematic review of the literature was performed to 
evaluate the role of surgical treatment of Lisfranc joint 
fracture- dislocation. The authors concluded that open 
reduction and internal fixation of the fist three metatarsal 
rays with screws is a reliable method for de management of 
Lisfranc injuries.

Stavlas P, Roberts CS, Xypnitos FN, et al. The role of 
reduction and internal fixation of Lisfranc fracture- 
dislocations: a systematic review of the literature. Int Orthop 
2010;34:1083–91.

Level III. Grade of Recommendation: B

 Summary

• Midfoot sprains are common in sports orthopaedics. 
Accurate diagnosis of Lisfranc injuries in athletes is 
essential in preventing career-ending injury.

• Undisplaced injuries have an excellent result with nonop-
erative treatment.

• The presence of any displacement required open reduc-
tion and anatomic fixation. The most recent available evi-
dence mostly supports screw fixation. Plate fixation may 
avoid joint intrusion.

• Athletes with significantly displaced injuries should be 
warned of the risk of a poor outcome. Recent evidence, 
however, suggests that patients can return to elite com-
petitive sports if they are treated surgically.

• Posttraumatic arthritis is the commonest complication 
after Lisfranc injuries. A delay of operative treatment of 
more than 6 months and a concomitant compensation 
claim are associated with a poorer outcome [43].
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Chronic Ankle Osteochondral 
and Chondral Lesions

Martin Wiewiorski, Alexej Barg, Beat Hintermann, 
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Abstract

Osteochondral and chondral lesions of the talus are commonly found following sport related 
trauma to the ankle joint. Conservative treatment frequently fails, and most patients undergo 
surgery. Several surgical treatment techniques are available, showing good short and mid- 
term clinical and radiological results.
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 Introduction

Varying terminology has been used to describe the entity of 
osteochondral and chondral lesions of the talus: Osteochondritis 
dissecans, flake fracture, osteochondral fracture, transchondral 
fracture or osteochondral defect. Recent expert consensus and 
literature have use the term osteochondral lesion of the talus 
(OCLT) to encompass all previously used terminology (regard-
less of etiology, morphology; including purely cartilaginous or 
combined cartilage- bone lesions) [1]. The incidence of carti-
laginous lesions (0–77.5 %) and combined osteo-chondral 
lesions (12.5–100 %) varies strongly in the literature [2, 3].

 Etiology and Pathomechanism

Chronic OCLT are often seen in sports active people [4], par-
ticularly in sports in which participants frequently jump and 
land on one foot or are expected to make sharp cutting 
maneuvers (for example, basketball, soccer, football, and 
volleyball) [5]. Most adult patients suffering from OLCT 
receive treatment, therefore the natural history of OCLT 
remains unclear. Daily clinical experience and literature sug-
gest OCLT to be primarily caused by trauma to the ankle 
joint. Talar tilt in the malleolar mortise during ankle sprains 
and ankle fractures has been shown to induce cartilage dam-
age and osteochondral fractures in ex- as well as in-vivo 
studies [6–8]. Laboratory investigations by Bernd and Harty 
in 1959 on cadaver ankle joints showed trauma to the upper 
talar surface, when exposed to inversion or eversion forces. 
Based on those experiments, a radiological classification was 
developed, which described a chain of consecutive morpho-
logical changes induced by traumatic forces to the ankle 
joint. These ranged from compression of subchondral bone 
to occurrence and displacement of an osteochondral frag-
ment. The original classification was later modified by 
Loomer et al. and amended by an additional stage describing 
the presence of subchondral cysts [9]. These cysts are fre-
quently found, but their pathoetiology is still unclear. Van 
Diejk et al. theorize that due to ultra-high congruency of the 
ankle joint, the synovial fluid forces its way into small cracks 
in the subchondral bone, creating caverns in the spongiosa 
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[10]. It is possible that repetitive high fluid pressure in the 
subchondral bone could explain the pain perceived by the 
patients [11, 12].

Flick and Gould found reports of osteochondral lesions of 
the talar dome in over 500 patients. They observed that 98 % 
of lateral talar dome lesions and 70 % of medial talar dome 
lesions were associated with trauma [13].

The authors of this chapter made experience seeing sig-
nificant numbers of medial OCLT in patients and athletes 
with chronic ankle instability as well as in those with pes 
planovalgus. Pathomechanistically, in these cases with 
medial ankle instability and valgus tilt the medial talus edge 
does an impingement against the medial malleolus causing at 
the beginning a chondral softening, then a chondral split and 
damage, and at the end an OCLT.

 Symptoms

Patients present with pain, swelling and occasional locking 
of the joint. History frequently reveals past traumatic events 
to the ankle joint (sprains/fractures), a chronic ankle instabil-
ity or a flatfoot deformity, or combinations of these. Sport 
activities are reduced or halted. Sports competition level is 
often not possible.

 Diagnostics, Classification

Clinical examination assessment should include assessment of 
ankle joint stability and hindfoot alignment. Weight- bearing 
radiographs are indicated as a primary imaging modality 
(namely: ankle mortise view, foot view dp and lateral, Saltzman), 
but should be complemented by modern imaging techniques 
such as computertomography based imaging (CT, artho-CT, 
SPECT-CT) and/or magnetic resonance imaging (MRI). The 
defect volume and location can be precisely determined by the 
CT, which allows planning for osseous reconstruction and intra-
operative access to the defect (open vs. arthroscopically) [14]. 
Routine MRI sequences add information about cartilage mor-
phology, soft tissue pathologies and activity of subchondral 
bone (bone marrow edema) and are sensitive during early stages 
of the disease. A superiority of MRI over CT could not be deter-
mined [15] and its use is subject to surgeon experience and 
approach. Other available techniques scintigraphy/SPECT-CT 
[16, 17], ultrasound [18] may add further additional informa-
tion. SPECT-CT has been shown to give information about the 
biological activity of the OCLT [17] and be able to improve the 
decision making in OCLT treatment [16].

Although several advanced classification systems describ-
ing the morphological aspect of the lesion exist for CT/MRI, 
the most recognized ‘gold standard’ classification is still the 
classification by Berndt/Harty (Loomer) for planar radio-
graphs [19]. A list of all currently used classification systems 
can be found in a review by O’Loughlin et al [4].

Ankle arthroscopy is useful in cases of unclear ankle pain 
and should be performed before any open procedure. Lesion 
location and extent of cartilage degeneration can be easily 
assessed and graded according to Outerbridge [20]. However 
it is more difficult to exactly assess the extent of the osseous 
lesion. An excellent correlation between arthroscopic and 
MRI detection of cartilage damage has been shown in sev-
eral studies [2, 21].

 Therapy: Conservative Treatment 
and Surgery

 Conservative Treatment

The first treatment of choice in chronic OCLT is the conser-
vative treatment.

Hereby, the athlete is treated based on the individual risk 
OCLT factors:

 – Chronic ankle instability: physiotherapy to improve the 
functional and mechanical ankle stability

 – Mal-alignment: custom-made insoles to correct the 
mal-alignment

 – Poor biology: hyaluronic acid or platelet-reached-plasma 
(PRP) infiltration

Mei-Dan et al. evaluated the use of PRP and hyaluronic acid 
injections as a first line of treatment for patients with primary 
and revision OCLT [22]. They noticed a significant improve-
ment in pain and function for both substances over the pre-oper-
ative scores after 6 months, but no significant superiority of PRP 
over hyaluronic acid in terms of VAS pain improvement [22]. 
No clinical or radiologic results have been reported regarding 
the outcomes after the use of PRP in conjunction with surgical 
articular cartilage reparative or restorative procedures.

In general, conservative treatment shall be offered to the 
patient and athlete, however, it is often not always successful.

 Surgery

 General Considerations
Lesion size is recognized as an important parameter for out-
come after OCLT repair, with 1.5 cm2 cited by several authors 
as a useful cut-off for determining prognosis and choosing 
among treatment options [23, 24]. Other factors that have 
been shown to correlate with treatment outcome in OCLT 
include arthroscopic appearance [25], the presence of 
 associated lesions, whether the OCLT were contained within 
peripheral cartilage borders [26], symptom duration [4], and 
history of trauma [27]. Choi et al. found age to have a nega-
tive effect on outcome, once confounding factors such as 
duration of symptoms and history of trauma had been taken 
into consideration [28].

M. Wiewiorski et al.
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 Debridement Followed by Bone  
Marrow Stimulation
This readily available, cheap, single step technique is 
regarded as the gold standard for initial surgical treatment for 
most lesions. It usually involves arthroscopical removal of 
unstable cartilage and the underlying fibrotic bone (debride-
ment/curettage/excision) and bone marrow stimulation 
(microfracturing/microdrilling). Penetration of the subchon-
dral plate releases growth factors and mesenchymal stem 
cells (MSCs) into the defect site, and fibrocartilage develops. 
Several case series have demonstrated this method it pro-
vides short-term symptomatic relief [29–31]. However, 
lesion size seems to be the decisive factor for outcome. 
Chuckpaiwong et al. reported no failures after microfractur-
ing with lesions smaller than 15 mm (n = 73) regardless of 
location, but only one successful outcome in lesions greater 
than 15 mm (n = 32) (level 4 study) [32, 33].

 Autologous Bone Grafting
Autologous cancellous bone (rich in growth factors and 
MSCs) is harvested from a suitable donor site (e.g. iliac 
crest, proximal/distal tibia, and calcaneus) and impacted into 
the debrided defect. The technique can be performed ante-
grade or retrograde. Kolker and al. retrospectively reviewed 

a group of 13 patients treated with open antegrade bone 
grafting [34]. Six patients (46 %) were clinical failures 
requiring further surgery. Of the remaining seven, postopera-
tive functional outcome results were obtained at a mean of 
51.9 months with the AOFAS hindfoot scale improving from 
55 to 84.3 after surgery. Another way of bone grafting as a 
treatment of cystic lesions with intact cartilage covering is 
retrograde drilling [35]. The cartilage is first inspected 
arthroscopically for lesions. If healthy, a drill guide is 
inserted through of the portals and a guide wire is advanced 
through the sinus tarsi in the cystic region under fluoroscopi-
cal control. The cystic material is drilled out and the remain-
ing cavity is filled with cancellous bone. In the largest case 
series available, Taranow et al. performed retrograde drilling 
in 16 patients and found good results after 24 months (range, 
19–38) with the AOFAS hindfoot scale increasing from 53.9 
to 83.6 points [36].

 Autologous Matrix-Induced Chondrogenesis 
(AMIC)
The AMIC procedure can be seen as an extension of ante-
grade bone grafting (Fig. 31.1) [37, 38]. Following open or 
arthroscopical debridement and microfracturing, the bone 
defect is filled with autologous bone graft, and then sealed 

a b

c d

Fig. 31.1 Open treatment of OCLT with AMIC. The medial OCLT 
was exposed using medial malleolar osteotomy (a). All defective carti-
lage and fibrotic bone was debrided followed by microdrilling (b). 

Autologous bone was used to reconstruct the bony defect (c). The 
defect was sealed with a collagen matrix (Chondro-Gide, Geistlich 
Pharma AG, Wolhusen, Switzerland) (d)

31 Chronic Ankle Osteochondral and Chondral Lesions
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with a collagen matrix (Chondro-Gide, Geistlich Pharma 
AG, Wolhusen, Switzerland) [39]. Valderrabano et al. 
recently described their experience with 26 cases of OCLT 
with a mean size of 1.7 cm3 [3]. At mean followup of 31 
months (range, 24–83) the patients showed an improved 
AOFAS hindfoot scale from 60 to 89 points and a decrease in 
VAS from 5 to 1.6 points. The advantages of the AMIC pro-
cedure are the off-the shelf availability of the matrix, a one 
step procedures, and only slightly higher costs then micro-
fracturing alone.

 ACI/MACI
In this 2-stage procedure, the cartilage is initially arthroscop-
ically harvested from the knee or ankle joint. Following cul-
turing, chondrocyte rich is seeded on the damaged area 
underneath a periosteal patch (1st generation ACI). The peri-
osteum can be replaced with a collagen matrix which can be 
glued onto the defect instead of suturing [40]. In the most 
recent development of this technique, the chondrocytes are 
imbedded on the collagen matrix immediately after culturing 
(matrix-associated ACI [MACI]; 2nd generation ACI). The 
currently longest available followup has recently been pub-
lished by Anders et. al [41]. Twenty-two patients undergoing 
MACI were followed up to 63.5 months. The AOFAS hind-
foot score and the VAS score remained significantly lower 
over the course of 5 years (95.3 and 0.9, respectively) then 
preoperatively (70.1 and 5.7, respectively). In two cases a 
biopsy taken after 12 months showed hyaline-like repair 
cartilage.

One study suggests that decreased postoperative pain may 
be an advantage of ACI in comparison to other techniques. 
Gobbi et al. compared surgical outcomes in 33 patients 
treated with chondroplasty (11 cases), microfracture (10 
cases), and OATS (12 cases) [30]. No significant difference 
was detected between the groups at 53 months followup time 
(range, 24–119 months) regarding the AOFAS hindfoot 
scale.

Certain disadvantages of ACI/MACI remain, including 
high costs for culturing and the need for two surgical 
procedures.

 Autologous Osteochondral Transplantation (AOT)
One large or multiple smaller sized cylindrical plugs can be 
harvested from the non-weightbearing area of the ipsilateral 
knee and impacted into the debrided OCLT [42, 43]. The 
intervening spaces fill up with fibrocartilage but hyaline 
transplanted cartilage populates the bulk remainder. 
Advantages for AOT include the use of autograft tissue with 
good fixation and a single stage procedure that can be per-
formed open or arthroscopically depending on lesion loca-
tion. Surgical exposure of the posterior talar dome, large 
defect size, and matching cartilage shape, curvature and 
depth of resection are all technically demanding. Donor site 

morbidity at the knee joint has been reported [44]. The lon-
gest followup for this procedure has been published by 
Imhoff et al [45]. Twenty-five patient (9 revision AOT) were 
followed up to 84 months (range, 53–124). The authors 
found significant increases for the AOFAS score (50–78 
points) and a significant decrease for the VAS (7.8–1.5 
points) from preoperative to postoperative [45].

 Allograft Transplantation
Bulk allograft transplantation is reserved for very large- 
volume cystic OCLT (<3 cm3). An fresh or fresh frozen 
allograft talus is obtained and cut-to-shape to match the 
receiving defect according to intraoperative radiological and 
direct measurements [46–48]. The transplanted allograft is 
fixed with screws. Raikin et al. performed fresh-allograft 
transplantation in 15 patients with large OCLT (mean size 
6 cm3) (level 4 study) [49]. At followup after 54 months 
(range, 26–88), the AOFAS hindfoot scale and VAS improved 
from a mean of 30 points to 83 points, and 8.5–3.3, respec-
tively. Only two patients required a subsequent arthrodesis. 
Some of the drawbacks of allografts are high costs and lim-
ited availability.

 Novel Techniques
A novel allograft transplantation technique involving the use 
of cartilage from juvenile donors (<13 years) was recently 
described [50]. After debridement of the OCLT, the defect is 
filled with particulated cartilage mixed with fibrin glue to 
keep it in place. This can be done in an open [51] or 
arthroscopic [52] procedure. So far only case reports are 
available [50–53].

Van Bergen et al. describe a procedure, where the gap of 
the debrided lesion is replaced by a metallic inlay resembling 
the articular talar surface [54]. Early results at 1-year fol-
lowup in 15 patients are promising showing a significant 
decrease of pain [55].

 Supplemental Procedures
Many authors regard concomitant treatment of posttraumatic 
deformities (mal-alignment), ligamentous instabilities, and 
the reconstruction of bony defects as mandatory for success-
ful OCLT repair [3, 56]. The restoration of correct alignment 
and stability of the hindfoot is be essential for successful out-
come after OCLT surgery. Remaining pathological stress on 
the repair tissue can lead to graft failure and recurrence of 
pain. However, the role of instability and mal-alignment in 
treatment of OCLT is not fully understood and evidence is 
sparse. Ligament repair for chronic ankle joint instability 
accompanying OCLT repair has been mentioned success-
fully in a few case series [3, 57, 58]. Valderrabano et al. per-
formed corrective calcaneal osteotomies to correct hindfoot 
valgus in 16 of their 26 reported OCLT cases undergoing 
AMIC repair [3]. In cases of severe malalignment at the level 
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of the ankle joint, a supramalleolar osteotomy (SMOT) can 
be considered [59, 60]. In a recent comparison of CT studies 
before/after SMOT for partial ankle osteoarthritis, Egloff 
et al. could show a redistribution of subchondral bone den-
sity from the degenerated site of the talus to the opposite 
talar shoulder [61]. This suggests that the talar shoulder can 
be successfully unloaded by this procedure.

 Rehabilitation and Back-to-Sports
Immediate postoperative care consists of immobilization 
using an ankle walker boot (e.g. Aircast Walker, DJO Global, 
Vista, USA) and functional physiotherapy with 15 kg partial 
weight bearing starting on the second postoperative day for 8 
weeks. The range of motion is restricted to 20° with use of a 
continuous passive motion machine, and lymphatic drainage 
massage for the first eight weeks. Competition level is 
reached in average after 6 months. For complete rehabilita-
tion algorithm please see Table 31.1.

 Prevention
Sport specific protection from ankle sprains and ankle frac-
tures can help reduce the incidence of chronic ankle instabil-
ity and mal-alignment and therefore OCLT.

 Evidence
For literature and evidence see Table 31.2. Several tech-
niques show satisfactory clinical outcome in case series, 
however, based on level of evidence criteria, there is no 
 evidence of superiority of any surgical technique over 

debridement and bone marrow stimulation. The overall 
level of evidence in the existing literature is low. No ran-
domized controlled studies exist, and recommendations for 
OCLT surgery can only be made upon level 4 studies or 
expert consensus. Available studies are mostly retrospec-
tive in nature, include all OCLT sizes and morphologic 
types, wide ranges of followup time points, mix primary 
surgeries with revision surgeries, and rarely note joint 
alignment, stability and additional procedures. Commonly 
used outcome scales like the AOFAS hindfoot scale show 
clustering of results, poor responsiveness and ceiling 
effects [1]. OCLT surgery is often performed due to loss of 
sports activity, which is not reflected in the AOFAS hind-
foot scale. A multi-center randomized controlled trial 
would be favorable.

 Summary

 – OCLT is often seen in sports active people and correlates 
with chronic ankle instability (ankle sprains) and 
mal-alignment

 – Conservative treatment of OCLT fails frequently.
 – Several surgical techniques are available to reconstruct 

the OCLT.
 – Most techniques show good mid-term results, however 

overall level of evidence of available studies is low.
 – Restoration of correct alignment and joint stability is 

important for overall outcome after OCLT surgery.

Table 31.1 Postoperative rehabilitation algorithm, the Basel approach [62]

0 1–8 9–10 11–12 13–16 17–20 21–25 26

Surgery Partial weight 
bearing 15 kg in 
walker boot

Achievement of 
full-weight bearing

Ankle muscles 
strength/force 
training

See week 
11–12

See week 
13–16

See week 
17–20

1st competition/ 
match

Ankle always in 
neutral, i.e 0° PF/
DF

Achievement of 
full ankle ROM

Proprioceptive 
training

Start sport 
specific 
training 
including 
plyometric 
drills

Start of sport 
specific 
training with 
team

Consider 
hardware 
removal

CPM 2 × 30 min/d 
with ROM: DF 10°, 
PF 10°

Insoles for arch 
protection

Aqua jogging Isokinetic 
training

Isokinetic 
training

Upper body 
ergometer for cardio 
training

Start of 
proprioceptive 
training

Treadmill jogging 
with controlled 
set-up

Upper body/hip/
knee muscles 
strength training

Core stability 
training

Core stability 
training

Cryotherapy in 
elevation

Stationary bike for 
cardio training

Maintain cardiac 
fitness

Lymphatic drainage Aquatic training

Number of postoperative weeks
DF dorsalflexion, PF plantarflexion, ROM range of motion
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Anterior and Posterior Ankle 
Impingement

Norman Espinosa, Ana Fajardo-Ruiz, and Anita Hasler

Abstract

Anterior and posterior ankle impingement may become debilitating and needs specific 
attention when dealing with painful syndromes around the ankle. There are multiple causes 
and conditions that may provoke either an anterior or posterior ankle impingement.

A proper knowledge of the underlying problems and physical examination will lead to 
the right diagnosis. The correct diagnosis helps to formulate an individual treatment plan 
that ensures good-to-excellent outcome while attempting to bring patients back to sports.
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 Introduction

Bones and soft-tissues that are squeezed during certain sports 
activities and positions of the ankle can result in a painful 
impingement syndrome with variable clinical presentations. 
Usually, impingement syndromes can be classified into ante-
rior and posterior syndromes.

Historically, Baetzner in 1927 was first to publish a report 
on this pathology [1]. Anatomical alterations on the dorsal 
aspect of the talus, i.e. spurs, were observed, that came into 
close contact with the anterior, distal tibia and caused pain. 
Baetzner thought that local tears within the capsule and reac-
tive apposition of bone could promote those spurs [1]. At that 
time it was postulated that a forced plantarflexion would lead 
to the assumed capsular tears and indeed most of those prob-
lems were found in soccer player and high jumpers. This is 
the reason why impingement syndromes at the ankle were 

called “athlete’s ankle” or “soccer’s ankle” [2]. However, the 
fact that other athletes (e.g. ballet dancers, runners, volleyball 
etc.) also suffered from those impairing pathologies has led to 
a change of terminology and therefore the entity has been 
named “impingement syndrome”. The term is far better 
because it does also include the mechanism of the problem.

Anterior ankle impingement is a common clinical condi-
tion characterized by chronic anterior ankle pain, which is 
aggravated by forced dorsiflexion. Chronic anterior ankle 
pain is frequently caused by tibiotalar osteophytes, which 
develop secondary to ankle arthrosis or recurrent micro-
trauma. Chronic posterior ankle pain is frequently caused by 
an os trigonum, hypertrophic posterior process of the talus or 
other articular causes.

 Etiology and Pathophysiology

 Anterior Ankle Impingement

Direct and/or repetitive mechanical force effects between the 
anterior distal tibial rim and the talar neck while holding the 
ankle joint in maximal dorsiflexion are seen as primary 
causes with regard of development of anterior ankle osteo-
phytes [3, 4].
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Predisposed individuals with a higher risk include run-
ners, dancers and high jumpers.

Another type of mechanism is a direct force impact onto 
the anterior part of the ankle joint. Predisposed individuals 
are soccer players.

Anatomically there is an unloaded and cartilaginous zone 
found, located at the distal anterior tibial rim, extending up to 
3 mm proximally. As shown by Tol et al., this zone becomes 
frequently injured during ankle sprains [5]. Depending on 
the extent of lesions a variable stimulation of chondral and 
bony reparative processes is induced that ultimately results 
in cartilaginous proliferation, scarring and calcification. An 
osteophyte is created. The surface layer of the osteophyte is 
made up of mesenchymal, fibrous connective tissue. 
Underneath there is an intermediate layer found, which con-
sists of fibrocartilage and hyaline cartilage. At the base of the 
osteophyte there is hypertrophic cartilage and bone. 
Frequently, enchondral ossification of the deep layers is 
found in osteophytes [6].

Osteophytes can develop everywhere. They can appear at 
the distal tibia, the talar neck, the medial and lateral gutters 
of the ankle joint. In patients suffering from chronic ankle 
instability aggravated formation of osteophytes can be seen. 
The pain occurring in patients with anterior ankle impinge-
ment may only partly be explained by the presence of osteo-
phytes alone (i.e. in case of fracture or massive irritation). It 
is thought that pain is predominantly generated by soft- 
tissues that become squeezed between the osteophytes and 
which get secondary inflamed. This hypothesis sounds quite 
logic and has been confirmed by histo-pathological analyses 
of arthroscopically harvested specimens during surgery [7]. 
In order to understand the squeezing mechanism anatomical 
studies were done. Those studies revealed a triangular, 

 synovial plica and subsynovial fat and collagen tissue located 
at the distal, anterior tibial rim. During maximum dorsiflex-
ion those soft-tissues are forced into the ankle joint and get 
clutched. As a result of the repetitive contusions the synovial 
layers undergo a hypertrophy, scarring, inducing an inflam-
mation of the adjacent soft-tissues. The anterior space at the 
ankle joint compartment gets smaller while increasing the 
risk for consecutive symptomatic impingement [8].

Young athletes with recurrent ankle sprains are at risk for 
anterior ankle impingement [9–13]. Often they present with 
diffuse joint swellings after longstanding exercises, impaired 
dorsiflexion and pain within the anterior ankle joint compart-
ment. Simple palpation may allow identification of promi-
nent osteophytes and provokes pain at the anterior joint. 
Palpation also facilitates the distinction between anterome-
dial and anterolateral pain. Sometimes the combined com-
pression of the anterior ankle joint compartment and forced 
dorsiflexion can provoke or increase pain [14]. However, 
there is a high rate of false-negative results obtained by sim-
ple palpation alone. Therefore, although palpation is neces-
sary during clinical examination there are additional 
diagnostics that need to be performed to confirm the sus-
pected impingement syndrome.

An anterior and lateral radiograph of the ankle joint 
(Fig. 32.1a) under weight bearing conditions is not always suf-
ficient to assess osteophytes around the ankle joint [12, 15].

While prominent osteophytes of the distal tibial rim may 
easily be identified on a lateral view of the ankle, anterome-
dial or medial osteophytes often go mis- or undiagnosed 
[16]. This is due to the overlapping phenomenon of the talus 
and tibia. But the identification of those osteophytes is nec-
essary when planning adequate treatment strategy. In case of 
suspicious anteromedial or medial ankle impingement, van 

a b

Fig. 32.1 (a) Depicted is the lateral view of an ankle under weight 
bearing conditions. An anterior bony spur can be identified at the talar 
neck. (b) The image demonstrates the AMI (Antero-Medial 

Impingement) view of the same patient as shown in (a). The radiograph 
reveals a large talar and anteromedial osteophyte
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Dijk et al. suggested a new diagnostic radiographic view 
[15]. To obtain that specific view the leg is externally rotated 
by 30° and the foot held in maximum plantarflexion. The 
beam runs 45° angulated in a cranio-caudal direction. van 
Dijk and coworkers were able to demonstrate that the so- 
called AMI (anteromedial impingement) view (Fig. 32.1b) 
reached sensitivities of 85 % for tibial osteophytes and 73 % 
for talar osteophytes when used in conjunction with the sim-
ple lateral view of the ankle joint [15].

CT scans can be useful to assess fractures or to define 
possible differential diagnoses. The extent of lesions; the 
locations of fragments or loose bodies and calcifications can 
be assessed [8, 17, 18].

MRI provides useful information on involved soft-tissues 
and about osseous abnormalities. One of the most intriguing 
aspects of MRI is the three dimensional depiction of the 
joint and the surrounding soft-tissues. This can be of impor-
tance in the preoperative setting. The MR-arthrography has 
been shown to be more accurate than the native investiga-
tion alone [19–26].

 Posterior Ankle Impingement

Posterior ankle impingement syndrome reflects a clinical 
diagnosis. Generally, it should be distinguished between 
traumatic causes and those impingement syndromes that are 
the result of chronic overuse. According to van Dijk this dis-
tinction is essential because the latter one shows better results 
with regard to the surgical treatment [11].

Posterior ankle impingement is predominantly found in 
ballet dancers and runners [11, 27–29]. The highly trained 
ballet dancers and runners may reveal increased range of 
movement at the ankle joint. Therefore, in ballet dancers, 
forced plantarflexion (en pointe or demi-pointe) causes 
compression of the posterior ankle compartment. In con-
trast, runners exert repetitive traction and compression 
stresses on the osseous and soft tissues of the posterior 
ankle compartment. Both mechanisms lead to overuse of 
tissues between tibia and calcaneus. The following struc-
tures can be compressed in case of maximum plantarflex-
ion: The os trigonum; a hypertropic posterior talar process; 
a thickened joint capsule; posttraumatic scar formations; 
posttraumatic calcifications of the posterior capsule; a 
loose body or osteophyte at the posterior inferior tibial rim 
[21, 22, 30–32].

 Specific Aspects of Posterior Ankle 
Impingement

Very rarely, an isolated prominent posterior process of the 
talus or os trigonum may result in posterior ankle impinge-
ment (Figs. 32.2a–d). However, if there is an external force 

that hits those structures they may become injured and pain-
ful. Ankle sprains, dancing on hard surfaces or chronic over-
use with fatigue of tissues can affect the os trigonum or 
posterior process of the talus [22, 23, 30].

The os trigonum becomes hypermobile in relation to 
the talus. This abnormal movement can be painful. 
Another possibility is pain, which is generated by squeez-
ing of the thickened capsular or scarred tissue either 
between the os trigonum and the distal tibial rim or 
between os trigonum and calcaneus. This condition is also 
called the “dancer’s heel”.

In contrast to the above-mentioned mechanisms the pos-
terior process of the talus can fracture due to extreme plan-
tarflexion resulting in crepitation and pain [33–35].

Both forms of posterior ankle impingment can lead to 
repetitive compression of the posterior joint capsule, which 
in turns can calcify. Those calcifications increase the stresses 
and reduce the space in the posterior ankle compartment, 
while promoting posterior ankle impingement syndrome.

In certain cases the combined trauma mechanism of supi-
nation and plantarflexion can lead to entrapment of the pos-
teromedial joint structures resulting in posteromedial ankle 
impingement syndrome.

Patients suffering from posterior ankle impingement syn-
drome report on pain in the posterior ankle compartment 
during maximum plantarflexion. Palpation can help to local-
ize the most tender points in the posterior ankle compartment 
and pain can be aggravated when adding repetitive and 
forced plantarflexion during examination while compressing 
the posterior structures [28, 32, 33, 36–39].

The posterior process of the talus is best-felt postero-
laterally between the Achilles tendon and the peroneal 
tendons. The posteromedial region is far more difficult to 
examine because of the flexor tendons and neurovascular 
bundle may mimic a posteromedial impingement 
syndrome.

For manual testing of any posterior impingement the 
patient is sitting with the knee joints in 90° of flexion [36]. 
During examination the rotation of the foot and tibia can be 
changed. By so doing a grinding moment is initiated between 
the posterior process of the talus or os trigonum and the tibia 
and calcaneus. A negative test confirms absence of a poste-
rior impingement syndrome. In case of a positive test in con-
junction with posterolateral pain during palpitation an 
additive, diagnostic infiltration between posterior distal tibial 
rim and the posterior process of the talus should be done. If 
after injection the pain is reduced or completely relieved the 
diagnosis is assured.

On conventional radiography the lateral view of the ankle 
allows the identification of a hypertrophic posterior process 
of the talus or a dislocated os trigonum. Because of projec-
tion phenomena may blur any correct diagnosis, van Dijk 
et al. proposed a new lateral view of the ankle joint with 25° 
of external rotation [11].
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a b

d

c

Fig. 32.2 (a) Lateral foot radiograph of a 16-years old female patient. 
The patient complained about posterior ankle pain. (b) MRI of the same 
patient as shown in (a) It can clearly be seen how the soft-tissues are 
irritated in the posterior compartment of the ankle joint. (c) 
Intraoperative view while performing the 2-portal posterior hindfoot 

endoscopy according to van Dijk. The photographs show the larger and 
hypermobile os trigonum, which subsequently has been removed. Note, 
the flexor hallucis longus tendon is free and does not infringe against 
the os trigonum anymore. (d) Postoperative radiograph of the young 
female patient as presented in (a–c)
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 Epidemiology

There is only a paucity of reports available regarding the epi-
demiology of ankle impingement. The incidence of anterior 
impingement syndromes in soccer players is 45 % and in 
dancers 59 % [40]. The overall incidence in the U.S. popula-
tion is thought to range about 15 %.

 Rehabilitation and Back to Sports

 Nonoperative Treatment

In early stages of disease a nonoperative treatment could be help-
ful to reduce symptoms and to improve quality of life [3, 28].

The treatment modalities include temporary immobiliza-
tion (e.g. fractures of the os trigonum or posterior process of 
the talus), local and guided steroid injections, physical ther-
apy and nonsteroidal anti-inflammatory drugs. Shock- 
absorbing shoes have been advocated and represent reasonable 
options in the nonsurgical treatment of ankle impingement 
syndromes [41]. In case of chronic ankle instability training 
of the peroneal musculature is recommended to improve 
dynamic stabilization of the ankle. In addition, proprioceptive 
training needs to be continued to maintain stability [42].

Anterior ankle impingement can be addressed by apply-
ing a heel wedge in order to open the anterior ankle compart-
ment and to reduce the pressure.

 Operative Treatment

When nonoperative treatment fails surgery may be war-
ranted. McMurray was first to publish a series of success-
fully treated patients who suffered from ankle impingement 
[43]. In the beginnings of treatment open surgery has been 
applied and different authors reported good results after open 
resections. However, in the meantime arthroscopic treatment 
has become one of the standards in the treatment of either 
anterior or posterior ankle impingement.

Contraindications encompass local soft tissue infection 
and severe osteoarthritis. Diabetic vascular disease and 
edema are seen as relative contraindications for surgery [44].

 Anterior Impingement
Anterior osteophytes can best be removed using a small 
osteotome during open surgery or by means of a shaver 

when arthroscopically addressed. In case of open surgery 
the author approaches the joint through a anteromedial 
and/or anterolateral skin incision and prefers a slightly 
curved osteotome to remove the osteophyte. A gouge is a 
good tool to shape the talar neck in case of a flat talar neck 
or when removing a talar osteophyte. Postoperatively, the 
patients are mobilized under partial weight bearing (15–
20 kg) for 5 days. During the first five postoperative days 
the patients are counseled to start with active and passive 
dorsal extension of the ankle joint. One week postopera-
tively patients start with full weight bearing while sports 
activities are avoided for further 4 weeks. The rate of com-
plications after open resections of anterior ankle osteo-
phytes ranges about 18 % [14]. Common complications 
include lesions and irritations of the cutaneous nerves, 
injuries of the extensor tendons, hypertrophic scars and 
infections. In a study by Coull et al. 79 % of patients were 
able to return to their sports and 92 % of patients were sat-
isfied with their clinical outcome [45].

In contrast to open surgery, arthroscopic treatment has 
become an important treatment option [18, 35, 46–53]. 
Scranton et al. thought that the size of osteophytes deter-
mines the overall outcome after treatment [54]. However, Tol 
and coworkers published their long-term results after 
arthroscopic resection of anterior ankle osteophytes. They 
found an association between the amount of joint space nar-
rowing and overall results. While 83 % of patients without 
joint space narrowing showed a good-to-excellent result only 
53 % of patients with joint space narrowing had a good-to- 
excellent result [55]. The authors were able to show that the 
presence of degenerative alterations of the ankle joint had a 
better prognostic value than the size of osteophytes. 
Therefore, the assumption of Scranton and Mc Dermott was 
refuted [54]. More recently, Walsh et al demonstrated signifi-
cant functional improvement following arthroscopic treat-
ment of anterior ankle impingement 5 years postoperatively 
[56].

A comparative study showed that patients who underwent 
arthroscopic surgery needed only half the time to return to 
their previous sports level than those who underwent open 
surgery [54].

 Posterior Impingement
An open approach allows removal of both a prominent pos-
terior process of the talus and the os trigonum [23, 28, 35, 
36]. At the same time the inspection and subsequent 
debridement of the posterior joint capsule and the treatment 
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of a tendinopathy of the flexor hallucis longus can be 
performed.

The rate of complications after open surgery in the 
treatment of posterior ankle impingement ranges from 
16 % up to 24 % and patient recovery back to sports takes 
up to 5 months [28, 30]. With introduction of the two-
portal technique described by van Dijk et al. this rate 
could be dramatically reduced. Hindfoot endoscopy 
allows the direct approach to the posterior structures and 
treatment (Figs. 32.3 and 32.4). Depending on the studies 
published in the literature, arthroscopic treatment reduces 
the complication rate to 2–11 % and shortens the time 
back to sports to 5 weeks [7, 37]. Complications after 
arthroscopic treatment include mainly lesions of the sural 
nerve and wound infections (3 %) [57].

 Evidence

Surgery of anterior ankle impingement reveals good-to- 
excellent results in 57–67 % of cases. However, most of 
those studies are of retrospective nature.

One of the most reliable studies with regard to anterior 
ankle impingement has been published by van Dijk and 
coworkers. This prospective study has first been published in 
1997. The same patient population has been followed-up a 
few years later and the results published in 2001 (see 
Table 32.1) [48, 55].

Surgery of posterior ankle impingement shows limited 
evidence. Hamilton published a very useful but retrospective 
study [28]. A prospective study has been published by van 
Dijk and coworkers (see Table 32.1) [58].

a b

Fig. 32.3 (a) Lateral ankle view of a 16-years old male patient who 
suffered from posterior ankle pain during maximum of plantarflexion. 
The pain was localized posteromedially. (b) The MRI of the same 

patient as described in (a) shows the kinking of the flexor hallucis lon-
gus tendon in maximum plantarflexion

a b

Fig. 32.4 (a) Intraoperative view of a completely scarred flexor hallucis longus tendon. (b) Intraoperative view of the flexor hallucis longus ten-
don after debridement
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 Summary

 1. Anterior and posterior impingement syndromes are fre-
quent found pathologies in young athletes.

 2. Clinical assessment is mandatory but often needs addi-
tional imaging work up in order to confirm the 
diagnosis.

 3. Nonoperative measures can be considered as first line 
treatment strategies to address impingement syndromes.

 4. When nonoperative treatment fails or in case of severe 
presentations of impingement syndromes that may pre-
clude conservative measures surgical treatment strategies 
are warranted.

 5. Arthroscopic treatment has shown to be a very effective 
approach to address impingement syndromes and accel-
erates time back to sports while reducing the rate of 
complications.
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Ankle Osteoarthritis

Alexej Barg, Christian J. Gaffney, and Victor Valderrabano

Abstract

Ankle osteoarthritis is a growing problem in health care, with 1 % of the world’s adult popu-
lation being affected. Previous trauma is the most common origin of ankle osteoarthritis. In 
the current literature, there is no evidence whether sport activities accelerate or prevent the 
development of ankle degenerative changes. Different surgical approaches have been 
described for the treatment of ankle osteoarthritis based on osteoarthritis stage. The treat-
ment options range from joint preserving procedures (e.g. open or arthroscopic debride-
ment, joint distraction arthroplasty, and supramalleolar osteotomies) to joint sacrificing 
procedures (e.g. total ankle replacement and ankle arthrodesis). While numerous studies 
have addressed clinical and radiographic outcomes in patients who underwent surgery for 
ankle osteoarthritis, there is scant literature addressing the role of sports participation of 
patients with ankle osteoarthritis before and after surgical treatment. In general, low impact 
sports can be recommended postoperatively. However, further prospective clinical studies 
are needed to identify whether sport activities can be identified as risk factors for treatment 
failure or for poorer postoperative results.
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 Etiology of Ankle Osteoarthritis

Ankle osteoarthritis (OA) is a constantly growing problem in 
world health care and should not be underestimated [1]. 
More than 1 % of the entire world’s adult population is 
affected by ankle OA [2]. The mental and physical disability 

in patients suffering from end-stage ankle OA is at least as 
severe as that associated with end-stage hip OA [2].

In the current literature there are clinical and epidemio-
logic studies which address the etiology of ankle OA [1, 3]. 
Valderrabano et al. [4] evaluated the distribution of etiolo-
gies in 390 consecutive patients (406 ankles) with end-stage 
ankle OA. Posttraumatic ankle OA was observed in the 
majority (78 %) of patients. Malleolar fractures (type AO 44) 
were the most common injuries (39 %), followed by ankle 
ligament lesions (16 %), and tibial plafond fractures (type 
AO 43, 14 %). Secondary, atraumatic OA was observed in 
13 % of patients including patients with rheumatoid arthritis, 
hemochromatosis, hemophilia, clubfoot etc. Primary OA 
was the rarest etiology, with 9 % of patients affected. Patients 
with posttraumatic ankle OA were significantly younger than 
patients with other ankle OA etiologies [4]. Similar findings 
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were found in another epidemiologic study by Saltzman 
et al. [5]. In this study, 639 consecutive patients with Kellgren 
grade 3 or 4 ankle OA who presented to the University of 
Iowa Orthopaedic Foot and Ankle Surgery service between 
1991 and 2004 were included. The majority of patients 
(70 %) had posttraumatic ankle OA, with rotational ankle 
fractures and recurrent instability being the most common 
causes, at 37 % and 15 %, respectively. Primary and second-
ary OA was diagnosed in 22 % and 8 %, respectively [5]. 
Wang et al. [6] analyzed radiographic hindfoot alignment in 
226 consecutive patients with end-stage ankle OA who 
underwent total ankle replacement (TAR) or ankle arthrode-
sis. The most common etiology in this cohort was posttrau-
matic, with 71.2 % of patients reporting previous fractures or 
recurrent ligament injuries. Primary ankle OA was diagnosed 
in 5.6 % of patients. Secondary ankle OA was seen in 23.2 %, 
including OA due to pes planovalgus deformity, rheumatoid 
arthritis, clubfoot or other congenital foot deformity, postin-
fectious arthritis, Charcot-Marie-Tooth disease, and haemo-
philic arthritis [6].

 Sport as Risk Factor for the Development 
of Ankle Osteoarthritis

In the current literature, there is a controversial discussion 
whether sport activities play a positive or negative role in the 
development of ankle OA. Based on the available literature, 
a causal link between pediatric sports injuries and ankle OA 
development is possible [7].

In the 1970s, Vincelette et al. [8] compared degenerative 
changes of the foot and ankle between professional soccer 
players and controls. Fifty-nine professional football players, 
with an average age of 23 years (19–27 years), with an aver-
age football experience of 9.5 years (2–15 years) were 
included. The group evaluated 367 radiographs of soccer 
players and 377 radiographs of control patients. Radiographs 
were classified as abnormal if they showed signs of OA, peri-
articular ossifications, dorsal exostosis of the talus, or distal 
interosseous ligament calcification. Among soccer players, 
mild findings were found in 10 % and severe findings were 
found in 90 % of radiographs. In the control group, 22 % had 
mild findings and 4 % had severe findings regarding radio-
graphic degenerative changes [8].

In 1979, Adams [9] examined 56 soccer players and six 
coaches (who were former professional players) clinically 
and radiographically at one football club. All 62 patients 
showed some signs of ankle pathology. However, the overall 
incidence of radiographic OA was only 1.6 % [9].

Hellmann et al. [10] performed radiographic analysis of 
six amateur athletes who had severe atypical degenerative 
joint disease. One of the patients presented with right ankle 
pain. The 20-year-old male participated in cross-country 

motorcycling for several years. Radiographs and computed 
tomography showed degenerative changes of the subtalar 
joint in this patient, most likely resulting from extensive 
sport activities [10].

Kujala et al. [11] investigated the cumulative 21 year inci-
dence of admission to a hospital for OA of the hip, knee, and 
ankle in former elite athletes and control subjects. In total, 
2,049 male athletes who had represented Finland in interna-
tional events from 1920 to 1965 and 1403 controls were 
included into this national population based study. The 
cumulative incidence of admission to a hospital among the 
former athletes was 3.3 % (95 % CI 2.6–4.1 %), 2.4 % (95 % 
CI 1.8–3.2 %), and 0.4 % (95 % CI 0.2–0.8 %) for hip, knee, 
and ankle, respectively. These values were substantially 
higher than values observed in controls: 1.4 % (0.9–2.2 %), 
1.3 % (95 % CI 0.8–2.0 %), and 0 % for hip, knee, and ankle, 
respectively [11].

The potential influence of long-term, high-intensity phys-
ical training on early ankle OA has been investigated in a 
retrospective study by Knobloch et al. [12]. Twenty-seven 
track and field long-distance runners and orienteers and nine 
bobsledders with a mean age of 42 years were compared 
with a control group of 23 healthy men with a mean age of 
35 years. The long-distance runners had a higher prevalence 
of early ankle OA, however, the multivariate analysis dem-
onstrated that not the sport itself, but rather age and ankle 
instability were significantly correlated with the develop-
ment of ankle OA [12].

In their comparative study, Gross and Marti [13] addressed 
the influence of long-term, professional volleyball playing on 
the development of early ankle OA. A group of 22 former 
elite volleyball players with a mean age of 34 ± 6 years who 
had played for at least three years in the highest league in 
Switzerland was compared to 19 healthy controls with a mean 
age of 35 ± 6 years. The majority of players (20 of 22) had 
lateral ligament lesions, and eight of these required surgery. 
Radiographic evidence of ankle OA was found in 19 of 22 
volleyball players, but only in two of 19 controls. The multi-
ple regression analysis revealed that positive anterior drawer 
test and subjective instability were statistically significant and 
independent risk factors for radiographic OA [13].

Zinder et al. [14] evaluated the prevalence of ankle OA 
following ankle sprains in a cohort of retired professional 
football players. In total, 2,552 retired professional football 
players completed a general health questionnaire. Of them, 
448 (17.69 %) reported at least one severe ankle sprain in the 
past. Forty patients developed significant ankle 
OA. Compared to players without a history of sprains, the 
injured cohort had a 2.3 times higher prevalence of ankle OA 
[14].

Kuijt et al. [15] performed a systematic review of the 
recent literature to investigate the prevalence of knee and/or 
ankle OA in former elite soccer players. Only four studies 
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were included in the final analysis. The prevalence of degen-
erative joint disease was found to be between 40 and 80 % 
for the knee and between 12 and 17 % for the ankle. The 
prevalence of knee and ankle OA in the former players was 
substantially higher compared to the general population. 
However, only the prevalence of OA was measured in this 
study. Therefore, the authors mentioned the need of further 
studies based on a health surveillance program to be able to 
identify players at risk for OA [15].

Recently, Gouttebarge et al. [16] published a systematic 
review to explore the OA prevalence in former elite athletes 
from team and individual sports. In total, 15 studies were 
included in the review. Prevalence of ankle OA was reported 
only in one study [17]. In this study, by Schmitt et al. [17], 
which included 40 former elite high jumpers, ankle OA was 
found in 2.5 %, with a mean age of 41.8 years at time of 
diagnosis.

In 2015, Iosifidis et al. [18] investigated the prevalence of 
lower extremity clinical and radiographic OA in a compara-
tive study. The study compared 218 former elite male ath-
letes from various sports (soccer, volleyball, martial arts, 
track and field, basketball, and skiing) with 181 controls. The 
prevalence of clinical OA was similar in both groups, with 
15.6 % prevalence for former elite athletes and 14.4 % for 
controls. However, the prevalence of radiographic OA was 
significantly higher in the former athletes (36.6 %) compared 
to the controls. Therefore, the radiographic signs of OA may 
precede the clinical onset of OA. In both groups, several risk 
factors for OA development were identified: age, body mass 
index, and occupation [18].

 Ankle Instability as Risk Factor 
for the Development of Ankle Osteoarthritis

Lateral ankle sprain (LAS) is one of the most common 
sports injuries in the world. LAS accounts for up to 30 % of 
all athletic injuries and up to 60 % of injuries in certain 
sports [19, 20]. It is one of the most common injuries in 
basketball [21–28], soccer [29–41], football [42–47], and 
tennis [48–51]. One LAS occurs per 10,000 person-days, 
and an estimated 2 million acute LAS injuries occur each 
year in the United States [52]. LAS injuries occur most 
commonly between 15 and 19 years of age [52], and there is 
no statistically significant difference in LAS incidence 
between males and females [52–55]. Ankle injuries, includ-
ing LAS, are among the most common injuries in children 
and youth sports, accounting for up to one fourth of all inju-
ries sustained by high-school athletes during the 2005–2006 
school year [7, 56]. Swenson et al. [57] analyzed the sports 
injury data for the 2005 through 2008 academic years from 
a nationally representative sample of 100 United States high 
schools. The injuries most often involved the ankle (19 %), 

knee (14.5 %) and head/face (10.7 %). Notably, the ankle 
was the most frequently diagnosed site of recurrent injuries 
at 28.3 % [57].

Up to 40 % of all patients with LAS develop chronic ankle 
instability (CAI) [58–60]. Different intrinsic and extrinsic 
factors have been identified as risk factors for development 
of CAI after LAS: high body mass index, high height, and 
severity of initial ankle sprain [61, 62]. As mentioned above, 
CAI from repetitive ankle sprains is an important etiology of 
ankle OA – up to 20 % of all ankle OA cases and up to 30 % 
of all patients with posttraumatic ankle OA [4, 5, 63]. 
Different arthroscopic studies demonstrated a high number 
of chondral injuries in patients with a prolonged history of 
ankle instability [64–67].

Several studies have investigated the pathomechanism of 
ankle instability leading to ankle OA [68–71]. McKinley 
et al. [71] used an ankle cadaveric model to measure incon-
gruity and instability-associated changes in contact stress 
directional gradients in the tibiotalar joint. An increase of up 
to 100 % was observed in unstable specimens [71].

Caputo et al. [69] used magnetic resonance imaging 
(MRI) and orthogonal fluoroscopy to perform kinematic 
measurements in nine patients with lateral ankle instability 
and, in particular, insufficient anterior talofibular ligaments. 
Several significant changes were observed as compared with 
the intact contralateral ankles: increase in anterior translation 
of 0.9 ± 0.5 mm, increase in internal rotation of 5.7° ± 3.6°, 
and increase in superior translation of 0.2 ± 0.2 mm. These 
findings [69] may explain the degenerative changes often 
observed on the medial talus in patients with lateral CAI [65, 
72, 73].

Bischof et al. [68] used three-dimensional MRI models 
and biplanar fluoroscopy to evaluate in vivo cartilage contact 
strains in patients with isolated lateral ankle instability. In 
total, seven patients were included in this study. The contra-
lateral healthy side was used as a control to measure the 
magnitude and location of peak cartilage strain. The unstable 
ankles demonstrated significantly increased peak strain with 
29 ± 8 % vs. 21 ± 5 %. Furthermore, the location of peak 
strain in the unstable ankles was translated anteriorly by 
15.5 ± 7.1 mm and medially by 12.9 ± 4.3 mm. The authors 
found a correlation between the translation of peak strain and 
the location of clinically observed degenerative changes of 
the tibiotalar joint [68].

Recently, Golditz et al. [70] investigated the impact of 
functional ankle instability on the development of early 
cartilage damage using quantitative T2-mapping MRI. In 
total, 36 patients were included, and they were classified 
into one of three groups: functional ankle instability, ankle 
sprain “copers” (persons with initial sprains, but without 
residual instability), and controls (persons without a history 
of ankle injuries). The authors performed zonal region-of-
interest T2-mapping of the deep and superficial layers of 
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the talar and tibial cartilage. Significant to highly signifi-
cant  differences in T2-values in 11 of 12 regions were 
observed, demonstrating that functional instability causes 
substantially unbalanced loading in the tibiotalar joint. 
This, in turn, may result in early degenerative changes of 
the joint cartilage [70].

Valderrabano et al. [63] investigated the data from 30 
patients (33 ankles) with ligamentous end-stage ankle 
OA. There were 23 male and seven female patients with a 
mean age of 58.6 years (33–78 years). Ligamentous lesions 
suffered during sports activities were the most frequent cause 
for ankle OA (55 %), followed by ankle sprains that occurred 
during normal daily activities (36 %), and sprains suffered at 
work (9 %). In 33 % of patients, the ankle injury occurred 
while playing soccer. In 28 ankles, the initial injury was a 
lateral ligament injury, in four ankles the medial ligaments 
were initially injured, and in one ankle a combined medial- 
lateral ligament injury was diagnosed. The overall mean 
latency time between the initial injury and development of 
ligamentous posttraumatic ankle OA was 34.3 years, with a 
range between 6 and 57 years. The survivorship rate for sin-
gle ankle sprains was statistically worse than that for chronic 
recurrent sprains, with the average latency time of 25.7 and 
38.0 years, respectively. Also, the survivorship rate for 
medial sprains was statistically worse than for lateral sprains 
with 27.5 and 35.0 years until the development of OA, 
respectively [63].

 Treatment Options for Ankle Osteoarthritis

In the current literature, numerous treatment options have 
been described for ankle OA. In general, surgical treatments 
can be divided into joint-preserving and joint-sacrificing 

 procedures (Fig. 33.1). The surgical indications and the 
choice of treatment for patients with various stages of ankle 
OA is complex and requires adequate experience in foot and 
ankle surgery.

 Corrective Osteotomies

As mentioned above, the most common etiology for ankle 
OA is posttraumatic. Therefore, degenerative changes often 
develop asymmetrically with a concomitant varus or valgus 
deformity of the hindfoot [1, 6, 74, 75]. In patients with asym-
metric ankle OA, a part of the tibiotalar joint remains pre-
served and free of degenerative changes. Thus, joint-sacrificing 
procedures like TAR or ankle arthrodesis may not be the most 
appropriate treatment options in this patient cohort [76]. In 
recent decades, realignment surgeries including supramalleo-
lar osteotomies have evolved into valuable treatment options 
in patients with asymmetric ankle OA [77, 78]. The main indi-
cation for supramalleolar osteotomies is asymmetric ankle 
OA, with concomitant valgus or varus deformity, and a par-
tially (at least 50 %) preserved tibiotalar joint surface [77–81] 
(Fig. 33.2). Recent literature demonstrates that the short- and 
mid-term results following realignment surgery are promis-
ing, with substantial pain relief and functional improvement 
observed postoperatively in the majority of patients [77, 78]. 
However, there is limited literature addressing the effect of 
corrective osteotomies on patients` ability to participate in 
sports activities.

Takakura et al. [82] performed valgus opening wedge 
supramalleolar osteotomies in nine patients with a mean age 
of 35 years (12–61 years) with posttraumatic varus defor-
mity of the ankle. Osseous union occurred within two months 
in eight patients and after six months in one patient. At the 

Fig. 33.1 Stage-adapted 
treatment options of ankle 
osteoarthritis including joint- 
preserving procedures and 
joint-sacrificing procedures
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mean follow-up of 7.3 years, the range of motion of the ankle 
decreased in six patients and remained the same in three 
patients. However, none of the patients reported any limita-
tion in daily activities. Moreover, four adolescent patients 
were able to participate in sports activities at school [82].

Harstall et al. [83] performed supramalleolar lateral closing 
wedge osteotomies in nine patients between the ages of 21–59 
years, with varus ankle OA. The etiology of disease was 

posttraumatic in eight and childhood osteomyelitis in one. At 
the mean follow-up of 4.7 years, significant pain relief 
(American Orthopaedic Foot and Ankle Society (AOFAS) pain 
subscore change from 16 ± 8.8 preoperatively to 30 ± 7.1 post-
operatively) and significant functional improvement (AOFAS 
hindfoot score change from 48 ± 16.0 preoperatively to 
74 ± 11.7 postoperatively) was observed. However, only three 
patients were able to perform sports activities as desired [83].

Fig. 33.2 Supramalleolar realignment surgery. (a, b) An osteochon-
droma was diagnosed and resected in a 15 year-old female patient by 
pediatric orthopaedic surgeons. (c) Three years later, the patient devel-
oped a painful supramalleolar valgus deformity with a medial distal 
tibial angle [180] of 96°, substantial shortening of the fibula according 
to Weber´s criteria [221], and valgus position of the heel on the 

Saltzman hindfoot alignment view [222]. The patient complained of 
7/10 pain on a visual analog scale and restriction of sports and daily 
activities. (d) A supramalleolar closing-wedge tibial osteotomy and a 
corrective lengthening osteotomy of the fibula were performed. At 
6-months follow-up, the patient reported substantial pain relief (1–2 on 
a visual analogue scale)

b

a
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Pagenstert et al. [84] analyzed a prospective case series of 
35 consecutive patients with a mean age of 43 years (26–68 
years) who underwent realignment surgery due to varus or val-
gus ankle OA. Significant pain relief (visual analog scale (VAS) 
change from 7 ± 1.6 preoperatively to 2.7 ± 1.6 postoperatively) 
and significant functional improvement (AOFAS hindfoot 
score change from 38.5 ± 17.2 preoperatively to 85.4 ± 12.4 
postoperatively) were observed at the final follow-up of a mean 
of five years. The authors demonstrated that realignment sur-
gery may increase sports activity (Sports Activity Level change 
from 1.3 ± 1.4 preoperatively to 1.8 ± 1.2 postoperatively, 
p = 0.02, and Ankle Activity Scale change from 25.7 ± 15 pre-
operatively to 68.1 ± 21 postoperatively, p = 0.0001). The types 
of sports activities that patients performed after realignment 
surgery were mostly low impact activities, like hiking, biking, 

swimming or golfing. However, jumping and running were 
reported as well. The rate of sports inactivity decreased from 
43 % before surgery to 20 % at final follow-up. Actually, sports 
frequency in hours per week showed a weak and statistically 
insignificant correlation (r = 0.34, p = 0.054) with the symptom- 
related Ankle Activity Scale [84].

Hintermann et al. [85] performed a prospective study to 
analyze the outcome of 48 malunited pronation-external 
rotation ankle fractures treated by corrective supramalleolar 
osteotomy. At the mean follow-up of 7.1 years (2–15 years), 
patients reported significant pain relief (87.2 % of all 
patients were pain free and 12.8 % reported moderate pain 
with a mean VAS of 2.1 points) and significant functional 
improvement (AOFAS hindfoot score from 48 points [36–66] 
preoperatively to 86 points [64–100]  postoperatively). 

c

d

Fig. 33.2 (continued)
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However, the preoperative and postoperative range of motion 
of the ankle was comparable at 41.2° (30°–50°) and 40.1° 
(30°–50°), respectively. In total, 43 patients (89.6 %) returned 
to their former professional activity, and 34 (70.8 %) returned 
to their former sport activities. However, 11 patients did not 
participate in sport prior to their initial injury [85].

Mann et al. [86] published a retrospective study describ-
ing the results of opening medial tibial wedge osteotomy 
(plafond-plasty) as a novel surgical option for treatment of 
intra-articular varus ankle OA. Nineteen consecutive patients 
were assessed clinically and radiographically at a mean fol-
low- up of 4.9 years. In total, the varus ankle deformity sig-
nificantly decreased from 18° preoperatively to 10° 
postoperatively. The AOFAS hindfoot score improved sig-
nificantly from 46 points preoperatively to 78 points postop-
eratively. During the follow-up, four of 19 patients underwent 
revision surgery: two ankle arthrodeses at seven and 36 
months after the index surgery, and two TARs at 30 and 48 
months. At the latest follow-up, 12 patients reported partici-
pation in moderate sporting activities like biking, golfing, 
gym exercising, and skiing. Five of 19 patients, were active 
and were able to walk up to five miles daily. Two patients did 
not report any activities; both had procedure failure requiring 
ankle arthrodesis or TAR [86].

 Conclusion

In conclusion, promising short- and midterm results have 
been reported in patients who underwent supramalleolar 
realignment surgery. However, there is only one clinical 
study prospectively comparing the sport activity level in this 
patient group preoperatively and postoperatively [84]. It still 
remains unclear whether postoperative functional improve-
ment positively correlates with sport activity level. Further 
clinical studies are needed to identify the positive and nega-
tive predictors for being active in sports and recreational 
activities.

 Total Ankle Replacement

While total hip replacement and total knee replacement have 
evolved to well-established treatment options in patients 
with end-stage degenerative changes, the indication for TAR 
remains controversial. TAR using current 3rd-generation 
prosthesis designs provides substantial postoperative pain 
relief and good functional outcome, including preserved 
range of motion [87–91]. However, the overall survivorship 
can be expected to be approximately 90 % at 5 years after 
initial implantation [92]. The failure rate of TAR is still sub-
stantially higher than that of total hip or knee replacement. 
Labek et al. [93] performed a systematic review, including 

national registries and clinical studies, demonstrating that 
the revision rate after TAR was 3.29 per 100 observed com-
ponent years. This is significantly higher than after total knee 
replacement (1.26 revisions), medial unicompartmental 
replacement (1.53 revisions), or total hip replacement (1.29 
revisions). The most common reasons for revision surgery 
after TAR were aseptic loosening (38 %), persisting pain 
syndrome (12 %), and septic loosening (9.8 %) [94].

Based on our experience with TAR [87, 88, 95–127], the 
ideal candidate for TAR is middle-aged or older, is reason-
ably mobile, has no significant comorbidities, participates in 
low impact physical activities (e.g. hiking, swimming, bik-
ing, golfing), is not obese or overweight, has good bone 
stock, and has no concomitant instabilities/deformities [88, 
105] (Fig. 33.3). In our clinic, we still consider the need for 
high impact physical activities (e.g. contact sports, jumping) 
as a contraindication for TAR [88, 105]. However, there is 
limited evidence whether (1) the patients who underwent 
TAR are able to return to sport activities postoperatively and 
(2) postoperative sport activities can be identified as risk fac-
tors for TAR failure.

The clinical study by Pipino and Calderale [128] is the 
first clinical study mentioning sport activities in patients who 
underwent TAR. In this study from the year 1983, the 1st 
generation PC ankle prosthesis was used in 15 patients. The 
authors stated that one of 15 patients had started practicing 
sports after TAR [128].

The study by Valderrabano et al. [126] was the first 
study specifically analyzing participation in sports after 
TAR. In total, 147 patients (152 TARs) with a mean age of 
59.6 years (28–86 years) were included in this prospective 
study. At the mean follow-up of 2.8 years (2–4 years) a 
significant functional improvement was observed in 
AOFAS hindfoot score (from 36 preoperatively to 84 post-
operatively) and range of motion (from 21° (0°–45°) preop-
eratively to 35° (10°–55°) postoperatively). A special 
sports frequency score was developed to assess sports 
activity (Table 33.1). TAR resulted in significant increase 
of sports participation (36 % preoperatively to 56 % postop-
eratively). Sports-active patients had a significantly higher 
AOFAS hindfoot score than patients who did not partici-
pate in sports. The most commonly reported sports activi-
ties were hiking, biking, swimming, aerobics, downhill 
skiing, and golfing [126].

Naal et al. [129] analyzed the preoperative and postopera-
tive participation in sports and recreational activities of 101 
patients with a mean age of 59.4 years (24–85 years), at a 
mean of 3.7 years after TAR. The preoperative and postop-
erative percentage of sports-active patients was 62.4 % and 
66.3 %, respectively. The patients were active in 3.0 ± 1.8 dif-
ferent sports and recreational activities preoperatively, and in 
3.0 ± 1.6 activities postoperatively. The sports frequency 
remained the same, with 2.0 ± 1.6 sessions per week before 
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TAR and 2.3 ± 1.7 sessions after TAR. However, 65 % of 
patients stated that the surgery substantially improved their 
sports ability. The University of California at Los Angeles 
activity scale improved significantly from 45.5 ± 16.6 to 
84.3 ± 13.3. Neither sports participation nor activity levels 

were identified as risk factors for development of peripros-
thetic radiolucencies [129].

Bonnin et al. [130] evaluated function and return to sports 
after TAR in 140 patients who underwent TAR with the Salto 
total ankle prosthesis (noncemented, mobile bearing prosthe-
sis) due to OA (100 patients) or rheumatoid arthritis (40 
patients). At the mean follow-up of 4.5 years, the Foot 
Function Index scores were 13.7 ± 17 for “activity limita-
tions”, 31.7 ± 23 for “disability”, and 16.9 ± 19 for “pain”. The 
Foot and Ankle Ability Measurement scores were 74.9 ± 18 
for activities of daily living and 48.9 ± 28 for sports activities. 
In the OA subgroup, 38 bicycled, 21 performed recreational 
gymnastics, 58 swam, 50 gardened, 27 danced, and 43 hiked. 
Seven patients played tennis, nine cross-country ski, 17 down-
hill skied, and six regularly ran more than 500 m. Most often, 
patients limited their sports activity for reasons  independent of 

Fig. 33.3 Total ankle replacement. (a) A 45-year old male patient with posttraumatic ligamentous ankle osteoarthritis. (b) At 1-year follow-up, 
the patient was pain free without any restrictions in sports or daily activities including cycling, golf, hiking, skiing, and tennis

Table 33.1 Valderrabano’s sports frequency score [126]

Score Definition

0 (none) no sports activity

1 (moderate) moderate level of sports activity in leisure time, 
<1 h/week

2 (normal) normal level of sports activity in leisure time, 
1–5 h/week

3 (high) high level of sports activity in leisure time, > 5 h/
week

4 (elite) professional level of sports activity, elite athlete
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their ankle. Of the patients who had regular or intense sports 
activity, four mentioned substantial pain in their ankle during 
sports. In conclusion, the authors demonstrated that TAR may 
improve quality of life, and that return to recreational activities 
was generally possible. However, the return to high impact 
sport was rarely possible [130].

A prospective study has been performed by Barg et al. 
[99] to evaluate the mid-term outcome in eight haemophilia 
patients treated with TAR (10 TAR). At the mean follow-up 
of 5.6 years, significant pain relief and functional improve-
ment was observed. Preoperatively, only one patient was 
able to participate in sport activities. However, at the latest 
follow-up, five patients had a normal level of sport activity 
and one patient had a moderate level [99]. Considering the 
unique hemophilic etiology of OA in this cohort, the postop-
erative increase in sport activities may have an especially 
positive effect, as it has been demonstrated that exercise may 
help reduce further joint destruction in haemophilia patients 
[131]. Another prospective study by Barg et al. [112] evalu-
ated the feasibility of TAR in 18 patients with von Willebrand 
disease. Similar to patients with haemophilia, significant 
pain relief and functional improvement was observed at the 
mean follow-up of 7.5 years. Preoperatively, seven patients 
were moderately active in sports. At the latest follow-up, the 
postoperative sports activity level was moderate and normal 
in ten and seven patients, respectively [112]. The same group 
has evaluated the clinical and radiographic outcome in 16 
patients with hereditary hemochromatosis who underwent 
TAR (21 procedures) [100]. At latest follow-up of 5.3 years 
in this prospective study, four of 19 patients had a normal 
level of sport activity and four of 19 patients had a moderate 
level. For comparison, preoperatively only two of 19 patients 
had a normal level of sport activity and two of 19 had a mod-
erate level [100]. A similar increase in sport activity was 
observed in another clinical study addressing the outcome of 
TAR in 16 patients (19 ankles) with gouty arthritis [107]. 
Preoperatively, only one patient reported a moderate level of 
sport activity. Postoperatively, at a mean follow-up of 
5.1 years, 13 patients reported participating in a moderate 
level of sport activity [107].

The outcome in 26 patients with simultaneous bilateral 
TAR has been analyzed by Barg et al. [102]. Significant pain 
relief and improvement in functional outcome and quality of 
life were observed at the mean follow-up of five years in this 
prospective study. Also, sport activity was assessed preop-
eratively and postoperatively using Valderrabano’s score 
[126]. Preoperatively, five patients had a normal level of 
sport activity and three patients had a moderate level. At lat-
est postoperative follow-up, eight patients had a normal level 
of sport activity, six patients had a moderate level, and one 
patient had a high level. One patient in the cohort had a 
reduced level of sport activity postoperatively (from normal 
to moderate) [102].

The component stability, weight change, and functional 
outcome was analyzed in 118 consecutive obese patients in 
the International Federation of Foot & Ankle Societies 2011 
Award paper [104]. Preoperatively, 23 patients (19.5 %) 
reported a moderate level, 15 patients (12.7 %) a normal 
level, and one patient (0.8 %) a high level of sport activity. At 
the mean follow-up of 5.6 years (2.4–10.5 years), 61 patients 
(22.9 %) reported a moderate level, 29 patients (24.6 %) a 
normal level, and one patient (0.8 %) a high level of sport 
activity. A significant weight loss after one and two years of 
1.6 ± 3.2 kg, and 2.1 ± 3.6 kg, respectively. Using a 5 % 
weight loss criterion, 14 patients (11.9 %) lost weight at one-
year follow-up. Significant weight loss could be predicted by 
male gender, but not by age or, surprisingly, postoperative 
sport activity level [104].

Schuh et al. [132] compared the participation in sports 
and recreational activities in 21 patients with ankle arthrod-
esis and 20 patients with TAR. At the mean follow-up of 
2.9 years of this prospective study, 86 % and 76 % of all 
patients were active in sports in the arthrodesis and TAR 
groups, respectively. Also, clinical and functional outcomes 
were comparable [132].

Criswell et al. [133] analyzed survival, overall reopera-
tion rate, and functional outcome in 64 patients (65 ankles) 
who underwent TAR using the Agility prosthesis. Sixteen of 
the 41 patients (39 %) needed revision of at least one pros-
thesis component. At the median follow-up of 8 years (0.5–
11 years), the average Foot and Ankle Ability Measure 
subscale scores for sports and daily living activities were 33 
and 57 points, respectively. Thirty-three patients reported 
moderate to extreme difficulty with running, jumping, low 
impact activities, and the ability to participate in sports [133].

Dalat et al. [134] retrospectively evaluated two continu-
ous series of 59 ankle arthroplasties and 46 ankle arthrodeses 
performed between 1997 and 2009. The mean follow-up was 
4.4 and 4.8 years in TAR and ankle arthrodesis groups, 
respectively. The mean overall sports level was relatively 
low in both groups. However, patients who underwent TAR 
had significantly higher Foot Ankle Ability Measure sports 
scores with 49.5 ± 24.4 points vs. 29.8 ± 26.2 points. The 
most common sports in both patient cohorts were non- 
contact sports including cycling, swimming, and hiking 
[134].

Nodzo et al. [135] performed a retrospective study includ-
ing 74 consecutive patients (75 ankles), with a mean age of 
60.6 years (41–82 years), who underwent TAR using the 
Salto prosthesis. At the mean follow-up of 3.6 years, average 
dorsiflexion and plantarflexion significantly improved from 
4.3° ± 3.3° to 8.7° ± 5.6° and from 24° ± 11° to 29° ± 7°, 
respectively. The subscales of the validated Foot and Ankle 
Outcome Score for sport activity and activity of daily living 
also improved significantly from 20 ± 12 to 55 ± 35 and from 
50 ± 16 to 83 ± 22, respectively. Positive  correlations between 

33 Ankle Osteoarthritis



316

high patient satisfaction and the pain, activities of daily liv-
ing, and quality of life scores were identified [135].

Braito et al. [136] analyzed clinical and radiographic out-
comes in 84 patients who underwent HINTEGRA TAR at a 
mean follow-up of four years. The sports subscale of the 
Foot and Ankle Outcome Score improved significantly from 
17.2 ± 15.4 points preoperatively to 45.8 ± 24.2 points post-
operatively [136].

Recently, Kerkhoff et al. [137] analyzed short-term results 
in 67 patients who underwent primary TAR using the three- 
component Mobility prosthesis. The percentage of sports 
active patients was the same before and after surgery at 73 %. 
Six patients stopped their sports activities after surgery and 
six patients resumed some sports activities following 
TAR. The most common sports following TAR were cycling, 
hiking, and swimming. Although 73 % of all patients were 
sport active, 91 % were unable to run a short distance [137].

 Conclusion

In the last 25 years, TAR has progressed remarkably as a 
treatment option in patients with end-stage ankle OA [87, 
88]. A prospective controlled trial comparing TAR with 
ankle arthrodesis demonstrated the superiority of TAR in 
postoperative pain relief and functional outcome [138]. 
However, the overall survivorship of TAR is still lower than 
total hip or knee replacement [93], with aseptic loosening 
being the most common reason for TAR failure [94]. In the 
current literature, it remains controversial whether patients 
with TAR have improved ability to participate in sport activ-
ities [126, 129, 130]. Also, the question of whether the 
patients with TAR are more sports-active than demographi-
cally comparable patients who underwent ankle arthrodesis 
cannot be answered definitively by the current literature. 
There is only one comparative study addressing participa-
tion in sports and recreational activities in patients who 
underwent either ankle arthrodesis or TAR, and it demon-
strated no significant differences between groups [132]. 
However, both groups were small, with only 41 patients in 
total, and the mean follow-up was relatively short at 
2.9 years [132]. Thus, the results of this study must be inter-
preted with caution.

In the current literature, there are no evidence-based find-
ings that high level sport activity is associated with increased 
failure rate of TAR. Therefore, such activity should not be 
considered a contraindication for TAR. However, we recom-
mend against performing TAR in patients with high demands 
or unrealistic expectations for physical activities [88, 105]. 
This is the most common recommendation in the literature, 
as it is supported by numerous studies [139–151]. However, 
we do not support suggestions that patients with any sports 
activities should be excluded from TAR, as stated by Giannini 
et al. [152].

 Ankle Arthrodesis

For decades, ankle arthrodesis has been considered the 
“gold-standard” treatment in patients with end-stage ankle 
OA, independent of the underlying etiology [153, 154]. 
Ankle arthrodesis was first described in the nineteenth cen-
tury [155]. Since then almost 50 different surgical tech-
niques have been described in the literature with good 
mid-term results: substantial pain relief and acceptable 
functional outcome [154, 156, 157] (Fig. 33.4). However, 
many clinical reports have described short-term and long-
term problems following ankle arthrodesis in association 
with daily activities, including climbing stairs, getting out 
of a chair, walking on uneven surfaces, and running [158–
161]. Another major long-term complication following 
ankle arthrodesis is development of degenerative changes 
in the adjacent joints, as reported by several authors [157, 
160, 162–166]. The development of subsequent OA in 
adjacent joints may lead to additional fusion surgeries [157, 
167]. OA development in adjacent joints can be partially 
explained by alterations in gait resulting in compensatory 
motion and overload in the neighboring joints [168]. There 
are numerous clinical studies investigating gait analysis in 
patients who underwent ankle arthrodesis. Hahn et al. [169] 
performed a comparative gait analysis of ankle arthrodesis 
and TAR. Substantial pain relief and functional improve-
ment was demonstrated one year after both procedures. 
However, TAR resulted in more natural ankle joint function 
with increased range of motion [169]. A similar compara-
tive study has been performed by Piriou et al. [170]. Three 
groups of 12 patients were analyzed: patients with ankle 
arthrodesis, patients with TAR, and controls. Clinically 
important differences were demonstrated, but neither TAR 
nor fusion restored normal movement or walking speed. 
Patients with ankle arthrodesis showed a faster gait with a 
longer step length, while patients with TAR had greater 
ankle range of motion, symmetrical timing of gait, and 
restored ground reaction force pattern [170]. Recently, 
Jastifer et al. [171] prospectively compared the perfor-
mance of TAR and ankle arthrodesis on uneven surfaces, 
stairs, and inclines. Both groups demonstrated improved 
performance at one-year follow-up compared to preopera-
tively. However, TAR patients had higher functional scores 
than the ankle arthrodesis patients [171].

Regarding the possible development of subsequent OA in 
adjacent joints and alterations in gait after fusion, it remains 
unclear whether the patients with ankle arthrodesis are able 
to regain the ability to participate in sport. Also, there is no 
data on what effect sport activities may have on long-term 
outcome.

Mazur et al. [160] analyzed functional outcome and gait 
in 13 patients with ankle arthrodesis. This was a long-term 
study with a mean follow-up of 8.3 years. All but one patient 
were sports active at the latest follow-up, reporting activities 
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like hunting, hockey, baseball, golf, swimming, bowling, 
skiing, and jogging. Ten of 13 patients were able to return to 
the recreational sports activities they performed before they 
developed ankle symptoms [160].

Lynch et al. [159] reported their long-term results in 39 
patients with a mean age of 50 years who underwent ankle 
arthrodesis. At the latest follow-up of a mean of seven years, 
none of the patients were involved in high impact sports, and 

a

b

c

Fig. 33.4 Ankle arthrodesis. (a) A 29-year old male with ankle osteo-
arthritis and significant pain due to avascular necrosis of the talus. 
(b) Magnetic resonance imaging demonstrates avascular necrosis of the 
talus with more than 50 % involvement. (c) At 1-year follow-up after 

arthrodesis, the patient had no pain and was able to regain his participa-
tion in sport and recreational activities including bowling, cycling, div-
ing, fishing, golf, hiking, ice hockey, and skiing
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running activities were difficult for all but four younger 
patients who could run limited distances. Three of these four 
patients were able to participate in ice skating and ice hockey 
without any restrictions [159].

Thermann et al. [172] reported their results of 225 ankle 
arthrodeses performed between 1975 and 1995 using exter-
nal fixation (44 patients) or screw fixation (225 patients). In 
total, 68 % of all patients were able to participate in sports 
activities (swimming and biking). Younger patients were 
also active in playing badminton and soccer, climbing (at a 
low level), and bodybuilding [172].

Vertullo and Nunley [173] used questionnaires sent to 
members of the American Orthopaedic Foot and Ankle 
Society and to trainers of professional basketball and 
American football teams and asked respondents for guide-
lines for sports participation after an ankle arthrodesis. The 
most recommended sport activities were golf, skiing, and 
tennis with 94 %, 77 %, and 38 % of respondents suggesting 
them. The authors stated that all high-impact sports should 
be avoided to minimize the development of adjacent joint 
OA and stress fractures [173].

Goebel et al. [174] performed a short-term prospective 
study including 29 patients who underwent tibiotalocalca-
neal arthrodesis using a retrograde femur nail. At the mean 
follow-up of 2.1 years, complete osseous union was achieved 
in 90 % of patients. At the latest follow-up one fourth of all 
patients were sports active, whereas none of the patients 
were able to participate in their chosen sports before surgery 
[174].

Akra et al. [175] reported their results of 25 patients (26 
ankles) treated with ankle arthrodesis using a transfibular 
approach over a five-year period. In this patient cohort, all 
patients who were involved in recreational sporting activities 
were able to return to their usual sports. However, the authors 
did not mention the percentage of sports active patients in 
their study [175].

 Conclusion

Ankle arthrodesis can be used as a safe surgical procedure 
for numerous indications in patients with end-stage ankle 
OA [153, 154, 156]. On one hand, it may provide acceptable 
mid-term results [154]. But, on the other hand, it may be 
associated with long-term complications including develop-
ment of painful OA in the adjacent joints [163]. Similar to 
TAR, there is limited literature addressing patients’ partici-
pation in sports postoperatively. In general, younger patients 
with ankle arthrodesis are able to participate in sports. 
However, there are no studies revealing positive or negative 
effects of sport activities on long-term clinical outcome and 
OA status in the neighboring joints. Nevertheless, in the cur-

rent literature there is consensus that high impact sport activ-
ities should be avoided in patients who underwent ankle 
arthrodesis.

 Sports Activities in Patients Treated 
for Ankle Osteoarthritis

The most common etiology for end-stage ankle OA is post-
traumatic [4, 5]. Therefore, it is not surprising that almost 
half of all patients with posttraumatic ankle OA present 
with a concomitant hindfoot deformity [6, 74, 75]. A direct 
correlation between the degree of hindfoot malalignment 
and degenerative process in the ankle joint has been 
described in the literature [176, 177]. Patients with substan-
tial varus or valgus hindfoot deformity may develop asym-
metric ankle OA [1]. Patients with posttraumatic asymmetric 
ankle OA are a challenging patient cohort, as they are often 
young and active. Furthermore, the complex underlying 
biomechanics of their concomitant deformities needs to be 
recognized and addressed [178]. The treatment of asym-
metric ankle OA is also challenging because a substantial 
portion of the tibiotalar joint surface is usually preserved, 
and so joint-sacrificing procedures like TAR or ankle 
arthrodesis may not be the most appropriate treatment [77]. 
In the recently published review articles, realignment hind-
foot surgeries have been shown to have promising short-
term and mid-term results, with substantial pain relief and 
functional improvement [77, 78].

What can be said about sports participation in this specific 
patient group, who underwent hindfoot realignment, TAR, or 
ankle arthrodesis surgery? The literature addressing this spe-
cific topic is rare, indeed. As such, our recommendations are 
based on our experience with these surgical procedures over 
the last two decades [76–78, 80, 81, 84, 85, 178–193] 
(Table 33.2).

The next discussion point is represented by patients with 
complete end-stage ankle OA. Due to improved designs and 
overall survivorship of newer generation TAR systems, 
ankle arthrodesis should not be considered as the only “gold- 
standard” treatment option in patients with end-stage ankle 
OA. However, ankle arthrodesis still remains a proven proce-
dure with good mid-term results, including substantial pain 
relief [153, 154, 156, 194–196] and acceptable functional 
outcome [166, 197]. Considering the survivorship of TAR, 
which is still lower than knee or hip replacement [93], young 
patients with end-stage ankle OA are better treated by ankle 
arthrodesis. In a previous study, we analyzed TAR survivor-
ship in 684 patients and determined that age ≤70 years is a 
statistically significant and independent risk factor for TAR 
failure with an odds ratio of 3.85 (95 % CI 1.47–10.00) [111]. 
Literature addressing outcomes following TAR n younger 
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Table 33.2 Our recommendations regarding sports activities (in alphabetic order) in patients who underwent realignment surgery, total ankle 
replacement, or ankle arthrodesis due to ankle osteoarthritis

Sports activities Realignment surgery Total ankle replacement Ankle arthrodesis

Aerobics Recommended Recommended Recommended

Athletic sports Possible Not recommended Not recommended

Badminton Recommended Possible Possible

Basketball Possible Not recommended Not recommended

Beach volleyball Possible Not recommended Not recommended

Bowling Recommended Recommended Recommended

Chess Recommended Recommended Recommended

Cross-country skiing Recommended Possible Not recommended

Cycling Recommended Recommended Recommended

Dancing Recommended Recommended Recommended

Diving Possible Possible Possible

Fishing Recommended Recommended Recommended

Golf Recommended Recommended Recommended

Gymnastics Recommended Possible Possible

Handball Possible Not recommended Not recommended

Hang gliding Possible Possible Possible

Hiking, hillwalking Recommended Recommended Recommended

Horseback riding Possible Not recommended Possible

Hurdle race Not recommended Not recommended Not recommended

Ice hockey Possible Not recommended Possible

(continued)
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Table 33.2 (continued)

Sports activities Realignment surgery Total ankle replacement Ankle arthrodesis

Ice skating Possible Not recommended Possible

Jogging Possible Not recommended Not recommended

Martial arts Not recommended Not recommended Not recommended

Mountain biking Possible Not recommended Possible

Muscle exercises Recommended Recommended Recommended

Nordic walking Recommended Recommended Recommended

Oarsmanship Recommended Possible Possible

Paragliding Possible Not recommended Possible

Rugby, American football Not recommended Not recommended Not recommended

Sailing Recommended Possible Possible

Skiing Recommend Possible Possible

Sledding Possible Not recommended Possible

Soccer Not recommended Not recommended Not recommended

Swimming Recommended Recommended Recommended

Table tennis Possible Possible Possible

Tennis Possible Possible Possible

Volleyball Possible Not recommended Not recommended

Water aerobics Recommended Recommended Recommended

Water skiing Possible Not recommended Possible

Weightlifting Not recommended Not recommended Not recommended

Windsurfing Possible Not recommended Possible
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patients is rare. Kofoed and Lundberg-Jensen [145] com-
pared survivorship and functional outcome of TAR between 
two groups consisting of 30 patients younger than 50 years 
and 70 patients aged 70 years or older. The postoperative 
results were comparable in both groups. However, the mean 
follow-up in both groups was six years with a wide range 
between one and 15 years [145]. The results of studies with 
short follow-up should be interpreted carefully. For example, 
several studies demonstrated encouraging results following 
TAR using the STAR prosthesis. These studies showed high 
prosthesis survivorship: 95 % at six years [198], 93.9 % at 
five years [199], and 96.0 % at five years [200]. However, a 
long- term TAR study by Brunner et al. [113] with a mean 
follow- up of 12.4 years (10.8–14.9 years) revealed the prob-
ability of implant survival was 70.7 % and 45.6 % at 10 and 
14 years, respectively. The recent systematic literature 
reviews by Gougoulias et al. [92] and Zaidi et al. [91] dem-
onstrated a five-year survivorship of 90 % and 10-year survi-
vorship of 89 %, respectively. Based on results reported in 
the current literature, a 30 year old patient treated by TAR 
will most likely have revision surgery due to failure. A sal-
vage procedure of failed TAR – conversion to ankle arthrod-
esis [201–205] or revision TAR [115, 120, 206, 207] – is a 
technically demanding procedure and may have worse 
results than the comparable primary procedure.

Biomechanical cadaver studies demonstrated that TAR 
may change the natural ankle joint kinematics and biome-
chanics. However, these changes are less than those observed 
in fused ankles [208–210]. Still, as mentioned before, 
patients with high to elite sports activities or unrealistic 
expectations should not be considered for TAR. Why might 
excessive sport activities have a negative influence on TAR? 
First, excessive sport activities and consecutive overload 
may dramatically change the joint contact pressures. 
Espinosa et al. [211] analyzed the influence of misalignment 
of total ankle components on joint contact pressures using 
finite element models. Two prosthesis types were compared 
in this in-vitro study: the highly congruent mobile-bearing 
design of the Mobility TAR and the less congruent two- 
component Agility TAR. It has been demonstrated, that the 
congruent mobile-bearing design resulted in more evenly 
distributed and lower-magnitude joint contact pressure. 
However, both designs were highly vulnerable to increased 
contact pressure induced by malalignment of prosthesis 
components [211]. It can be speculated that excessive sport 
activities may substantially worsen this problem. Another 
problem which may occur in excessively sports-active 
patients may be related to increased polyethylene insert wear 
or failure. It has been demonstrated that TAR generates wear 

particles similar to knee prostheses [212]. Increased polyeth-
ylene wear may cause periprosthetic osteolysis as a foreign-
body reaction resulting in TAR failure, similar to failures 
observed in total hip replacement. Harris et al. [213] pub-
lished a case report describing large wear debris cysts in a 
65-year-old man who underwent TAR, and required revision 
surgery. Another complication is fracture of the mobile bear-
ing, which may occur in up to 14 % of patients who undergo 
TAR using a three-component prosthesis design [87, 113, 
214]. Sport activities at high level may increase the rate of 
this type of complication, although this is only speculation. 
Finally, periprosthetic fractures may be a specific problem in 
sports- active patients who undergo TAR. In the current lit-
erature, there are only few reports on this complication. The 
literature consists primarily of case reports [215–217] or 
short annotations within large TAR studies [218]. Recently, 
Manegold et al. [219] established a concise classification 
system of periprosthetic fractures in TAR and described their 
treatment algorithm based on data from 503 ankle replace-
ments. In total, 21 patients (4.2 %) were identified with a 
periprosthetic fracture. Eleven and ten patients had intraop-
erative and postoperative fractures, respectively. The postop-
erative fractures included two traumatic cases and eight 
stress fractures. The authors did not mention how traumatic 
periprosthetic fractures occurred. However, high- energy 
sports, including contact sports, may be responsible for this 
difficult to treat complication [219].

Can all these problems be easily avoided by choosing 
ankle arthrodesis as a treatment option for end-stage ankle 
OA? Problems unique to TAR, like component loosening or 
failure of polyethylene inserts will not occur in patients who 
undergo ankle arthrodesis. However, other long-term prob-
lems in this patient cohort can occur. In a cadaveric study by 
Jung et al. [220] it was demonstrated that the tibiotalar joint 
arthrodesis significantly affected joint pressure distribution 
in the adjacent tarsal joints. This may explain the high inci-
dence of OA in the adjacent joints following ankle arthrode-
sis [163, 165]. Further clinical studies need to be performed 
whether sports activities may accelerate the degenerative 
changes of the adjacent joints in patients who underwent 
ankle arthrodesis.

Based on our experience in foot and ankle surgery, we 
developed guidelines regarding sport activities in patients who 
underwent surgical treatments due to ankle OA (Table 33.2). 
We do believe that sports activities are part of an appropriate 
postoperative rehabilitation process in these patients. We 
encourage the patients to stay sports active or to regain their 
previous recreational activities. However, as Paracelsus stated 
in the sixteenth century, Dosis sola facit venenum. “The dose 
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makes the poison”: that means that even healthy sporting 
activities can be harmful it taken to excess. Every patient 
should keep in mind that he or she had ankle surgery in the 
past which may substantially lower the limits of their personal 
physical capacity. These limits should be respected, and not 
exceeded, in order to ensure good long-term results.

 Evidence

• Bonnin MP, Laurent JR, Casillas M. Ankle function and 
sports activity after total ankle arthroplasty. Foot Ankle 
Int 2009;30:933–44. Level of Evidence: III, Retrospective 
Case Control Study. This study included 140 patients who 
underwent Salto total ankle replacement. Surgery 
improved their quality of life and return to recreational 
activities was generally possible, but return to impact 
sport was rarely possible [130].

• Iosifidis MI, Tsarouhas A, Fylaktou A. Lower limb clini-
cal and radiographic osteoarthritis in former elite male 
athletes. Knee Surg Sports Traumatol Arthrosc 
2015;23:2528–35. Level of Evidence: III, Case–control 
Prognostic Study. This case–control study included 218 
former elite male athletes and 181 male controls. It 
showed that former elite athletes may not be at increased 
risk of developing clinical osteoarthritis. However, radio-
graphic osteoarthritis signs had a significantly higher 
incidence in the athletes group [18].

• Naal FD, Impellizzeri FM, Loibl M, Huber M, Rippstein 
PF. Habitual physical activity and sports participation 
after total ankle arthroplasty. Am J Sports Med 2009; 
37:95–102. Level of Evidence: IV, Case Series. The pre-
operative and postoperative percentage of sports-active 
patients was constant with two-thirds of the 101 patients 
included in this study. No association between sports par-
ticipation, increased physical activity, or the appearance 
of periprosthetic radiolucencies was found at a mean 
follow- up of 3.7 years after TAR [129].

• Pagenstert G, Leumann A, Hintermann B, Valderrabano 
V. Sports and recreation activity of varus and valgus ankle 
osteoarthritis before and after realignment surgery. Foot 
Ankle Int 2008;29:985–93. Level of Evidence: II, 
Prospective Comparative Study. This study demonstrated 
that hindfoot realignment surgery in patients with varus 
or valgus deformity substantially increased sports activity 
postoperatively. Improved ankle pain and function corre-
lated with ability to perform activity without symptoms 
[84].

• Saltzman CL, Mann RA, Ahrens JE, Amendola A, 
Anderson AB, Berlet GC, Brodsky JW, Chou LB, Clanton 
TO, Deland JT, DeOrio JK, Horton GA, Lee TH, Mann 
JA, Nunley JA, Thordarson DB, Walling AK, Wapner KL, 
Coughlin MJ. Prospective controlled trial of STAR total 

ankle replacement versus ankle fusion: Initial results. 
Foot Ankle Int 2002; 23:68–74. Level of Evidence: II, 
Prospective Controlled Comparative Surgical Trial. The 
only available prospective controlled trial addressing the 
safety and efficacy of total ankle replacement versus ankle 
fusion to treat end-stage ankle osteoarthritis. At 2-years 
follow-up, patients treated with total ankle replacement 
had better function and equivalent pain relief as patients 
treated with fusion [138].

• Schuh R, Hofstaetter J, Krismer M, Bevoni R, Windhager 
R, Trnka HJ. Total ankle arthroplasty versus ankle 
arthrodesis. Comparison of sports, recreational activities 
and functional outcome. Int Orthop 2012; 36:1207–14. 
Level of Evidence: II, Prospective Comparative Study. 
This study included 21 patients with ankle arthrodesis 
and 20 patients with total ankle replacement. It revealed 
no significant difference between groups concerning 
activity levels, participation in sports activities, or func-
tional scores [132].

• Valderrabano V, Horisberger M, Russell I, Dougall H, 
Hintermann B. Etiology of ankle osteoarthritis. Clin 
Orthop Relat Res 2009; 467:1800–6. Level of Evidence: 
IV, Prognostic Study. In this study, the distribution of 
etiologies leading to ankle arthritis in 406 ankles was 
analyzed. Ankle osteoarthritis developed secondary to 
trauma in 79 %. The traumas were mostly  
malleolar fractures, ligament lesions, and tibial pla-
fond fractures [4].

• Valderrabano V, Pagenstert G, Horisberger M, Knupp M, 
Hintermann B. Sports and recreation activity of ankle 
arthritis patients before and after total ankle replacement. 
Am J Sports Med 2006; 34:993–9. Level of Evidence: IV, 
Case Series. This is the first clinical study addressing par-
ticipation in sports after total ankle replacement. There 
was a significant increase in sports activity after total 
ankle replacement, with sports-active patients having bet-
ter functional outcome than patients who did not partici-
pate in sports activities [126].

 Summary

• Ankle OA is a debilitating disease and a growing problem 
in health care worldwide.

• Unlike the hip and knee, the ankle is most commonly 
affected by posttraumatic OA following fractures or liga-
ment injuries.

• In the current literature, there is a controversial discussion 
whether sport activities play a positive or negative role in 
the development of ankle OA.

• In patients with ankle OA, numerous treatment options 
have been described, including joint-preserving and 
 joint- sacrificing procedures.
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• There is limited literature addressing participation in 
sports in patients who underwent surgical procedures due 
to ankle OA. In general, low impact sports can be recom-
mended postoperatively. Further clinical studies are 
needed to define the role of sport in postoperative reha-
bilitation and to determine whether excessive sports activ-
ity is a risk factor for failure or worse outcomes.
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 Section I: Subtalar Joint DJD

 Etiology and Pathomechanism

Isolated subtalar joint arthritis most commonly results from 
trauma, particularly following fractures of the calcaneus or talus 
(Fig. 34.1). Subtalar joint instability, which ranges in spectrum 
from the simple recurrent sprain to subtalar dislocation, can also 
predispose one to arthritis. Aside from trauma, other causes of 
subtalar arthritis include primary osteoarthritis, secondary 
arthritis (adjacent joint disease in the setting of prior ankle 
fusion), inflammatory arthritis (rheumatoid, psoriatic), residual 
congenital deformity (talocalcaneal coalition), and deformity 
from muscular imbalance (posterior tibial tendon dysfunction, 
Charcot-Marie-Tooth disease). In a review of 95 subtalar 
arthrodesis, Davies et al. found that 67 % were for post- traumatic 
arthritis, 23 % for primary osteoarthrosis, 5.3 % for tarsal coali-
tion, and 4.2 % for inflammatory joint disease [1].

Post-traumatic subtalar arthritis will develop in 50–100 % 
of talar neck fractures [2]. Up to 17 % of intraarticular calca-
neal fractures will require a second surgery for symptomatic 
post-traumatic subtalar arthritis [3]. Sanders found that an 
increasing degree of comminution correlates with need for 
arthrodesis, with 73 % of Sanders type IV fractures requiring 
subtalar arthrodesis, compared to 23 % of type II fractures [4].
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 Symptoms

Patients with symptomatic subtalar arthritis often report 
pain, swelling, and stiffness of the lateral hindfoot that is 
aggravated when walking on uneven ground. They will local-
ize their pain to the sinus tarsi or areas distal to the  malleoli. 
Symptoms may be accompanied by feelings of instability, 
catching, or locking. The pain often gets better with rest or 
by wearing high-top shoes. If significant hindfoot deformity 
is present, patients may experience difficulty with shoe wear, 
which can predispose them to skin irritation and 
breakdown.

Physical examination begins with observation of bare-
foot gait and stance. Overall alignment of the limb should 

be assessed since proximal abnormalities may alter foot 
biomechanics. Standing heel position is evaluated for the 
presence of excessive hindfoot varus or valgus. Swelling 
and tenderness within the sinus tarsi are highly suggestive 
of subtalar joint pathology. Passive range of motion of the 
subtalar joint can be difficult to quantify and should be 
compared with the uninvolved contralateral side. In the 
painful arthritic subtalar joint, inversion and eversion of the 
calcaneus will be decreased and painful. The heel cord and 
gastrocnemius should be evaluated for tightness, which can 
be seen in cases of chronic deformity. As always, a detailed 
neurovascular examination should be performed to deter-
mine weakness, loss of sensation and the presence of 
pulses.

a

c d

b

Fig. 34.1 Nineteen year-old female with isolated subtalar arthritis 
and calcaneus fracture malunion after intraarticular calcaneus frac-
ture sustained 3 years prior. (a) Lateral view shows subtalar arthritis. 

(b) Harris heel view demonstrates a short and widened heel with 
increased hindfoot valgus. The patient ultimately underwent subtalar 
arthrodesis (c, d)
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 Diagnostics

Imaging of the subtalar joint should start with weight- bearing 
anteroposterior (AP), oblique, and lateral views of the foot. 
Weight-bearing radiographs are essential to assess alignment 
and the degree of degenerative change in the joint. 
Additionally, weight-bearing AP, lateral, and mortise views of 
the ankle should be obtained to assess adjacent tibiotalar 
alignment and joint space. The Broden view is particularly 
helpful for evaluating the posterior subtalar facet. It is obtained 
by internally rotating the leg 45° and aiming the X-ray 10–40° 
cephalad. In the setting of prior calcaneus fracture, a Harris 
axial view can be helpful in evaluating deformity from frac-
ture malunion, such as varus or valgus malalignment and wid-
ening or shortening of the heel (Fig. 34.1b).

While CT is not necessary to diagnose subtalar joint 
arthritis and is most often performed under non-weight- 
bearing conditions, it can still be effective for showing subtle 
arthritic changes. CT also offers the benefit of providing a 
three-dimensional image that can specify areas of degenera-
tive change and rule out a bony coalition. MRI is rarely indi-
cated in the evaluation for arthritis, unless one is concerned 
about tumor, avascular necrosis, or a fibrous coalition.

Diagnostic injection of local anesthetic into the subtalar 
joint may help localize and/or confirm the diagnosis of iso-
lated subtalar joint arthritis as the patient’s source of pain. It 
can be combined with a corticosteroid to provide short term 
therapeutic relief.

 Classification

Paley and Hall described a classification scheme for subtalar 
osteoarthritis using plain radiographs. Grade 0 corresponded 
with no degenerative changes; Grade 1 corresponds with 
presence of subchondral sclerosis, osteophytes, and/or cyst 
formation with no narrowing; Grade 2 corresponds with 
Grade 1 changes plus narrowing; and Grade 3 corresponds 
with a complete loss of joint space [5].

 Therapy

 Nonoperative Treatment
Conservative management strategies for subtalar joint arthri-
tis include the use of braces and/or orthotics, non-steroidal 
anti-inflammatory drugs (NSAIDS), subtalar intraarticular 
corticosteroid injections, and activity modification. Orthotic 
devices serve to limit painful joint motion, while accommo-
dating a rigid deformity or helping to correct a flexible defor-
mity. Ankle-foot orthoses (AFOs) provide rigid control to 
both the ankle and hindfoot. The Arizona brace is a lower 
profile AFO that tends to be less bulky and more comfortable 
than the standard solid polypropylene AFO. The University 

of California Biomechanics Laboratory (UCBL) orthosis is a 
device worn within the shoe that is used to control hindfoot 
motion and correct flexible hindfoot deformity.

NSAIDS are used as first-line pharmacologic treatment for 
patients in whom they are not contraindicated, such as those 
with a history of gastric ulcers or kidney disease. Intraarticular 
corticosteroid injections can provide significant and sometimes 
prolonged symptom relief. However, there is little consensus 
guiding their therapeutic use specifically in subtalar joint arthri-
tis [6]. The efficacy of intraarticular viscosupplementation with 
sodium hyaluronate in cases of subtalar arthritis has been stud-
ied. Omer, et al. found significant improvement in patient 
AOFAS hindfoot scores, reported pain, and walking distance 
tolerance up to 6 months after a 3 week series of subtalar joint 
viscosupplementation injections for osteoarthritis [7].

 Operative Treatment
Arthrodesis remains the gold standard for treating painful 
subtalar joint arthritis that is unresponsive to conservative 
measures (Fig. 34.1c, d) [8]. The primary goals are to achieve 
pain relief and restore hindfoot alignment. When arthritis 
resides solely in the talocalcaneal articulation, isolated subta-
lar arthrodesis is preferred over a double or triple arthrodesis, 
given its preservation of hindfoot motion, its decreased poten-
tial for development of adjacent joint arthritis, and its relative 
simplicity [9]. Isolated subtalar arthrodesis has been shown to 
reduce talonavicular joint motion by 74 % and calcaneocu-
boid motion by 44 % [10]. Functionally, this leads to com-
plete loss of inversion/eversion; however, dorsiflexion and 
plantar flexion of the ankle are maintained, as well as some 
adduction and abduction through the transverse tarsal joints.

Approach
Surgical approach varies depending on the presence and 
extent of associated deformity. When deformity correction is 
not needed, an in situ arthrodesis is indicated. These have 
traditionally been performed open, however, arthroscopic 
approaches have also been described and are being used with 
increasing popularity. The theoretic advantages of an 
arthroscopic fusion are a more cosmetic approach and fewer 
wound complications [11]. In experienced hands, union rates 
and clinical outcomes appear to be comparable to open 
fusions [12]. Contraindications to arthroscopic arthrodesis 
include gross malalignment requiring correction, a previ-
ously failed subtalar arthrodesis, significant bone loss, previ-
ous fracture, and restricted joint access (relative).

When performed open, in situ arthrodesis is most commonly 
approached laterally, either through an oblique incision over the 
sinus tarsi, extending proximally to the level of the peroneal 
tendons, or through a transverse incision extending from 
approximately 1 cm inferior to the lateral malleolus towards the 
base of the fourth metatarsal. The origin of the extensor digito-
rum brevis and sinus tarsi fat pad are elevated as a distally based 
flap, thereby granting access to the subtalar joint. Improved 
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access is achieved with removal of the lateral process of the 
talus. Regardless of approach,  successful fusion requires appro-
priate preparation of the bony surfaces with removal of all car-
tilage, restoration of foot alignment, and rigid stabilization.

Preparation of the Arthrodesis Site
Creating bleeding surfaces of the subtalar joint is an important 
step in obtaining a solid fusion. Due to the complex shape of 
the joint, this can be difficult. The use of distraction devices, 
such lamina spreaders or a pin distractor, can help with expo-
sure. Once the subtalar joint is visualized, cartilage and sub-
chondral bone are removed from both the talar and calcaneal 
articular surfaces with a chisel, curette or power burr with irri-
gation. Drill holes are then created in the denuded surfaces to 
produce vascular channels that will aid in healing. The surfaces 
are further decorticated by feathering with an osteotome.

Supplemental Adjuncts
Bone graft is often used to supplement bone healing, fill bone 
defects, or help with alignment correction, if needed. Options 
include autograft, allograft, and bone substitutes. Autograft can 
be harvested from the iliac crest, tibia, or calcaneus. To avoid 
donor site morbidity, allograft options can be used instead and 
exist in cancellous, cortical, or corticocancellous forms. In 
cases of subtalar distraction arthrodesis, structural allografts 
have been shown to have comparable results to structural auto-
graft for restoration of hindfoot function and alignment [13]. 
Bioadjuvants, such as bone stimulators, platelet rich plasma, 
and demineralized bone matrix, are promising for increasing 
rates of union, especially in challenging cases, but more stud-
ies are needed to elucidate their role in hindfoot surgery.

Position of Arthrodesis
During arthrodesis, the subtalar joint must be fixed in 5° of 
valgus alignment. Fusing the subtalar joint in varus will lock 
the transverse tarsal joint, leading to increased lateral fore-
foot pressures with weight-bearing. Fusing the joint in exces-
sive valgus can lead to subfibular impingement.

Fixation
Many methods of fixation for isolated subtalar arthrodesis 
have been described, including staples, dowels, and variable 
numbers of lag screws introduced either through the talus or 
the calcaneus. When comparing single-screw to two-screw 
fixation of isolated subtalar fusion, no significant differences 
exist in nonunion rate, postoperative complication incidence, 
or subsequent surgeries [14], however, biomechanically, the 
double diverging two-screw configuration has been shown to 
achieve the most compression and torsional stiffness and the 
least joint rotation [15]. A finite element analysis showed 
that one screw in the talar neck and another in the posterome-
dial talar dome provided the best two-screw configuration 
[16]. In general, the results of isolated subtalar arthrodesis 

have been fairly successful, with rates of union ranging from 
86 to 100 % for primary procedures [17–19]. While choice of 
fixation may vary, it is essential that compression of the bony 
surfaces occurs to achieve fusion across the subtalar joint. 
This can be achieved with either compression screw fixation 
or an external pin compressor with neutral screw fixation.

 Postoperative Care

It is standard to limit weight-bearing until evidence of union 
following subtalar arthrodesis. Usually 6 weeks of non- 
weight- bearing followed by 2–6 weeks of protected weight- 
bearing in a cast or walking boot is prescribed. When 
radiographic union is appreciated, the patient is weaned out 
of the walking boot and advanced to full weight-bearing.

 Rehabilitation and Back-to-Sports

Clinical and radiographic evidence of complete healing at 
the fusion site must be present before returning a patient who 
has undergone subtalar arthrodesis back to sports. Clinical 
signs include absence of tenderness at the fusion site. It is not 
uncommon to obtain a CT scan to confirm complete radio-
graphic fusion.

 Prevention

Upon return to sports, consider providing the patient with a 
lace-up ankle brace to use when engaged in sports and a 
UCBL orthotic to use whenever in normal shoes as a means 
to limit early stress across the fusion site.

 Summary

 1. Subtalar joint arthritis often occurs following previous 
calcaneus or talus fracture, despite primary reduction and 
fixation.

 2. Isolated subtalar joint arthrodesis reduces talonavicular 
joint motion by 74 % and calcaneocuboid motion by 44 %.

 3. Successful subtalar joint arthrodesis requires appropriate 
preparation of the bony surfaces with removal of all carti-
lage, restoration of foot alignment, and rigid stabilization.

 4. When no hindfoot deformity is present, in situ subtalar 
arthrodesis can be performed arthroscopically as an alterna-
tive to the traditional open approach. In experienced hands, 
rates of fusion and clinical outcomes are similar to open 
arthrodesis with the benefit of fewer wound complications.

 5. Final hindfoot alignment during subtalar arthrodesis 
should be 5° of valgus.
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 Section II: Chopart Joint DJD

 Anatomy

The Chopart joint refers to the midtarsal or transverse tarsal 
joint, and consists of the talonavicular and calcaneocuboid 
articulations. Together with the subtalar joint, the talonavicu-
lar and calcaneocuboid joints make up the triple joints in the 
hindfoot. The transverse tarsal joint lies in a plane perpen-
dicular to the longitudinal arch of the foot and functions in a 
coupled manner to provide stability and shock-absorption to 
the foot, depending on the position of the subtalar joint [20]. 
As the subtalar joint inverts, the transverse tarsal joint locks, 
stiffening the foot to allow for a rigid lever during toe-off. As 
the subtalar joint everts, the transverse tarsal joint unlocks, 
making the foot more supple to allow for shock absorption 
when the foot is planted.

Of the triple joints in the foot, the talonavicular joint has 
been shown to have the greatest range of motion, and simu-
lated arthrodesis of this joint essentially eliminates motion of 
the remaining hindfoot joint complex to approximately 2°. In 
contrast, arthrodesis of the calcaneocuboid joint has little 
effect on motion of the subtalar joint and reduces motion of 
the talonavicular joint by a third [11].

 Etiology and Pathomechanism

Like the subtalar joint, arthritis at the transverse tarsal joint 
can result from multiple etiologies. This section will focus 
on isolated posttraumatic arthritis of the transverse tarsal 
joint. Purely ligamentous injuries, including rupture of the 
strong plantar ligamentous support of the talonavicular joint, 
particularly the spring ligament, plantar cubonavicular, and 
plantar calcaneocuboid ligaments, can result in acute or 
gradual instability and collapse of the talonavicular joint. 
Intraarticular fractures of the talar head, navicular, cuboid 
and anterior calcaneal process also contribute to loss of joint 
congruence and can eventually lead to disabling arthritic 
changes (Fig. 34.2).

These “transitional zone” injuries are notorious for being 
missed or misdiagnosed in up to 41 % of cases [21], and con-
sequently often present late with degenerative changes to the 
joint. This is thought to be due to multiple reasons, including 
their subtle radiographic findings with seemingly benign 
presentation, relatively low incidence, and a general lack of 
familiarity with transverse tarsal joint injuries.

 Symptoms

Patients with isolated transverse tarsal arthritis will present 
with pain, swelling, and stiffness over the talonavicular and/

or calcaneocuboid joints. These symptoms may be accompa-
nied by feelings of instability, catching, or locking. 
Aggravating factors include ambulating on uneven ground, 
with subtle inversion and eversion of the hindfoot.

Physical examination of the foot with transverse tarsal 
arthritis may demonstrate medial arch collapse in the sagittal 
plane and/or forefoot abduction deformity in the coronal 
plane. Painful osteophytic dorsal prominences may cause 
direct irritation with shoewear and/or indirectly cause pain, 
numbness, and paresthesias in the first webspace, from com-
pression of the deep peroneal nerve in the anterior tarsal tun-
nel. Hindfoot inversion and eversion will be restricted and 
produce discomfort.

 Diagnostics

Standard AP, lateral, and oblique weight-bearing views of 
the foot (Fig. 34.2a–c) will show arthritic changes to the 
involved joints with varying degrees of joint space narrow-
ing, subchondral sclerosis, and spur formation. Talonavicular 
joint arthritis is often accompanied by midtarsal collapse, as 
suggested by an abnormal talo-1st metatarsal angle on the 
lateral view. Calcaneocuboid arthritis is best visualized on 
the oblique view.

Advanced imaging with CT scan can be useful in identi-
fying subtle arthritic changes, the presence of residual frac-
ture nonunion, and evidence of tarsal coalition. MRI may be 
obtained if AVN of the navicular or a fibrous coalition is a 
concern.

 Classification

Injuries to the transverse tarsal joint were classified by Main 
and Jowett into five broad categories, based on the mecha-
nism of injury, specifically, the direction of the applied force 
and resultant displacement [21]. In order of frequency, these 
five categories of transverse tarsal injuries include those that 
are caused by forces directed longitudinally, medially, later-
ally, plantarly, or variably during crush injury. Within each of 
these categories, severity of injury can include sprains, sub-
luxations, dislocations, fractures, or any combination of the 
above.

 Therapy

 Nonoperative Treatment
Conservative management of transverse tarsal joint arthritis 
includes shoe modification, bracing, and orthotics to control 
hindfoot motion. NSAIDS and selective intraarticular injec-
tions may offer temporary pain relief.
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 Operative Treatment
Arthritis of the transverse tarsal joint is addressed by arthrod-
esis of the involved joints. When only the talonavicular joint 
is involved, isolated talonavicular arthrodesis can be per-
formed. As stated earlier, fusion of the talonavicular joint 
alone results in nearly complete elimination of hindfoot 
motion, and is biomechanically similar to a triple or double 
arthrodesis that includes the subtalar joint. Isolated talona-
vicular joint arthrodesis has a high nonunion rate, likely due 
to the spheric shape of the joint that can make exposure and 
preparation of the joint surfaces relatively challenging, as 
well as the relative avascularity of the navicular bone. This 
isolated arthrodesis is therefore reserved for the low demand 
patient (i.e., rheumatoid, elderly). For the remainder of 
patients, the calcaneocuboid joint or subtalar joint may be 

added to the fusion to increase stability of the transverse tar-
sal joint, without significant further loss of hindfoot motion.

Double arthrodesis, as described by DuVries, is per-
formed in patients who have both talonavicular and calca-
neocuboid joint arthritis, but sparing of the subtalar joint 
[22]. It biomechanically results in the same degree of immo-
bilization as a triple arthrodesis, but without the need to 
include the subtalar portion, therefore, requiring less surgical 
time and resulting in less patient morbidity and less chance 
for nonunion across the subtalar joint [23].

Approach
Both a lateral and medial incision are used to access the cal-
caneocuboid and talonavicular joints, respectively. For the 
lateral approach, a similar incision as that used for subtalar 

a

c

b

Fig. 34.2 Thirty-nine year-old male presented with a 2 year history of 
left midfoot pain after sustaining a navicular fracture when he stepped 
in a hole while running. (a–c) AP, lateral, and oblique radiographs 

 demonstrate sclerosis and cystic change of the malunited navicular and 
isolated talonavicular joint space narrowing. The patient ultimately 
underwent talonavicular arthrodesis
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arthrodesis, except more distal, is used. For the medial 
approach, a longitudinal incision, starting at the tip of the 
medial malleolus and carried distally 1 cm past the naviculo-
cuneiform joint is used. Once the joints are exposed, the 
articular surfaces are prepared similarly to any other arthrod-
esis procedure.

Position of Arthrodesis
Close attention must be paid during alignment of the foot 
during double arthrodesis. Because this fusion essentially 
locks the hindfoot, the subtalar joint must be placed into 5° 
of valgus and maintained there while the transverse tarsal 
joint is positioned into the correct abduction or adduction 
and into a plantigrade position, using the normal foot as a 
reference.

Fixation
Typically, 4.0–5.5 mm screws are used for fixation across the 
talonavicular joint and calcaneocuboid joint. In patients with 
poor quality bone, additional fixation with staples or plates 
can be used.

 Rehabilitation and Back-to-Sports

The patient is kept non-weight-bearing for 6 weeks. 
Radiographs are obtained at that point, and if satisfactory 
union is occurring, the patient is allowed to bear weight in a 
cast. Once satisfactory union is demonstrated on radiographs 
and clinical exam, the patient is progressed to full weight- 
bearing. This typically occurs at 10–12 weeks.

 Prevention

A high index of suspicion is needed to accurately diagnose 
injuries involving the Chopart joint early to avoid the late 
sequelae of posttraumatic arthritis. As in subtalar joint 
arthrodesis, upon return to sports, consider providing the 
patient with an orthotic that will limit stress across the hind-
foot, such as a lace-up ankle brace or UCBL orthotic.

 Summary

 1. “Transitional zone” injuries across the transverse tarsal 
joint are notorious for missed or misdiagnosis with resul-
tant development of posttraumatic degenerative change.

 2. Of the triple joints in the foot, the talonavicular joint has 
the greatest range of motion, and arthrodesis of this joint 
results in nearly complete loss of hindfoot motion. In con-
trast, arthrodesis of the calcaneocuboid joint has little 
effect on resultant subtalar motion and reduces motion of 
the talonavicular joint by a third.

 3. Double arthrodesis of the talonavicular and calcaneocu-
boid joints is performed in isolated transverse tarsal 
arthritis. It biomechanically results in the same degree of 
hindfoot immobilization as a triple arthrodesis, but 
requires less surgical time and results in less patient mor-
bidity since the subtalar joint is spared.

 4. When positioning the foot during isolated talonavicular 
or double arthrodesis of the transverse tarsal joints, the 
subtalar joint must be maintained in 5° of valgus, since its 
position will be locked with fusion of the talonavicular 
joint.

 Section III: Lisfranc DJD

 Anatomy

The Lisfranc joint refers to the tarsometatarsal (TMT) joint 
complex of the midfoot and is formed by the five metatarsal 
bases and their respective cuneiform or cuboid articulations. 
This complex provides structural support to the transverse 
arch of the foot through its intrinsic bony architecture and 
ligamentous anatomy. In coronal cross section, the trapezoi-
dal shape of the middle three metatarsal bases and their asso-
ciated cuneiforms produce a stable “Roman” arch 
configuration that limits plantar displacement. Translation in 
the frontal plane is limited by the recessed position of the 
2nd TMT articulation between the medial and lateral cunei-
forms [24]. Many robust ligaments, particularly the interos-
seous and plantar ligaments, further contribute to the static 
stability of the transverse arch and TMT complex. Dynamic 
stability comes from the short plantar muscles in addition to 
the peroneus longus, tibialis anterior, and tibialis posterior 
tendons.

The midfoot is anatomically divided into three longitudi-
nal columns: the medial column (composed of the 1st 
metatarso- cuneiform joint), the middle column (composed 
of the 2nd and 3rd metatarso-cuneiform joints), and the lat-
eral column (composed of the 4th and 5th metatarso-cuboid 
joints). The lateral column TMT joints are the most mobile, 
with approximately 10° sagittal plane motion, allowing for 
balance and accommodation on uneven ground. In general, 
motion progressively decreases at the TMT joints as you 
move medially across the midfoot, with the exception of the 
2nd TMT joint, which is the least mobile, with <1° sagittal 
plane motion [25].

 Etiology and Pathomechanism

While TMT joint arthritis can result from primary and 
inflammatory processes as well as neuropathic conditions, it 
frequently develops following previous trauma, particularly 
in the athlete. The differing etiologies of TMT joint degen-
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eration result in its bimodal presentation. Patients with post-
traumatic degeneration become symptomatic earlier and 
seek care in their 30–40s, while those with primary osteoar-
thritis present in their 50–60s [26].

The Lisfranc joint complex is the most commonly injured 
area of the midfoot, and posttraumatic arthritis is its most 
common complication. Low energy, indirect trauma accounts 
for approximately 1/3 of all Lisfranc injuries and are most 
often sustained during athletic activity, including 4 % of 
American football players per season [27]. The classic 

mechanism of injury is an axial load applied to the heel of a 
plantar flexed foot with MTP joint extension, as seen when a 
football player is tackled from behind. A less common 
mechanism includes abduction stress to the forefoot around 
a fixed hindfoot, as seen in sporting activities that require use 
of foot straps, such as windsurfing and horse-back riding.

Nearly 20 % of Lisfranc injuries are misdiagnosed or 
missed on initial assessment (Fig. 34.3) [28]. Missed, misdi-
agnosed, and untreated cases of subtle Lisfranc disruption 
can result in considerable long-term disability characterized 

a
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Fig. 34.3 Thirty-four year-old female with right Lisfranc injury. 
Patient was initially treated with cast immobilization, but continued to 
complain of pain. (a) Note on the AP view, increased diastatsis between 
the right 1–2 intermetatarsal space, compared to the left foot. (b, c) 

Oblique and lateral views were unremarkable. (d, e) CT scan showed an 
avulsion fragment of the Lisfranc ligament off the medial cuneiform, 
necessitating arthrodesis of metatarsals 1–2 and medial and intermedi-
ate cuneiform bones (f–h)
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by painful posttraumatic arthritis. Unfortunately, even when 
an anatomic reduction is achieved after acute injury, radio-
graphic evidence of degenerative change is reported in up to 
100 % of patients, although not all cases are associated with 
functional loss [28]. Factors associated with progression of 
arthritis after Lisfranc injury include severity of initial 
injury, concomitant articular damage at the time of injury 
[29], and additional joint damage from the use of transar-
ticular screws.

After injury, the midfoot may become unstable due to a 
loss of the bony and ligamentous architecture. This, in turn, 
alters midfoot loading, which may cause subtle incongruent 
motion at the TMT joints, collapse of the longitudinal arch 
with development of planovalgus deformity, and compro-
mise of the foot’s ability to function as a rigid lever.

 Symptoms

Patients with TMT joint arthritis complain of deep, aching 
pain localized to the involved midfoot articulations. This 
pain may be aggravated by activities that require the mid-
foot to be rigid, such as push off or heel rise as needed dur-
ing stair climbing, as well as with walking on unlevel 
surfaces [30]. Patients may also note flattening of their arch 
or difficulty with shoe wear. Seventy-eight percent of 
patients complain of difficulty with shoe wear or unusual 
foot posture [31].

On physical examination, standing position of the hind-, 
mid-, and forefoot are assessed for any deformity or malalign-
ment. In cases of longitudinal arch collapse from chronic 
Lisfranc instability, the foot may appear relatively flattened 
and abducted. The patient’s barefoot gait is then assessed. 
Patients with painful midfoot arthritis will demonstrate a 
“stiffening strategy” during walking where the patient will 
try to reduce the range of motion of the 1st metatarsal [32]. 
However, with increased activity, the midfoot decompen-
sates due to its lack of stability, allowing for an increase in 
calcaneal eversion and 1st metatarsal dorsiflexion.

Each TMT joint is palpated and passively stressed in a 
standardized manner starting medially. Any prominent boss-
ing over the joint with associated skin irritation from shoe 
wear is noted. Abduction of the forefoot and pronation stress 
can also help identify the location of maximal pain. A useful 
provocative maneuver is the piano key test, which is per-
formed by applying a plantarly directed force to the metatar-
sal head. If pain is elicited in the same TMT joint, this 
indicates a symptomatic joint. Range of motion at each TMT 
joint is subtle and not clinically relevant. However, excessive 
motion can be present with excessive pronation or midfoot 
collapse. Presence of gastrocnemius and/or soleus tightness 
is often seen in the long-standing collapsed midfoot, and 
should be noted preoperatively if present.

 Diagnostics

Weight-bearing AP, lateral, and oblique radiographs of the 
foot are indicated in the work up for TMT joint arthritis. In 
addition to standard arthritic changes of joint space narrow-
ing, subchondral sclerosis, and osteophyte formation, the AP 
view may also reveal incongruous 1st and 2nd TMT joints in 
the setting of prior Lisfranc injury (Fig. 34.3a). Lateral radio-
graphs may show flattening or sagging of the longitudinal 
arch with a lowered medial cuneiform and abnormal talo-1st 
metatarsal angle.

Because of the varying obliquity of the joint surfaces and 
their overlapping appearance, the midfoot joints can be dif-
ficult to evaluate with plain radiography alone. A CT scan 
may aid in determining the specific joints that are arthritic 
and to what extent.

Selective fluoroscopically-guided diagnostic injections 
with local anesthetic can also be used to identify the symp-
tomatic TMT joints.

 Classification

Several classification systems for Lisfranc injuries have been 
developed and modified over the years [26, 33]. They are 
generally based on the congruency of the TMT joints and the 
direction of displacement of the metatarsal bases. Although 
these classifications can help guide treatment, most fall short 
in predicting clinical outcome. Most recently, Chiodo and 
Myerson [34] suggested classification of TMT joint injuries 
based on the three mechanical columns of the foot to aid in 
treatment. This has provided some prognostic value when 
differences in physiologic motion at each column is taken 
into account. Komenda et al. [35] reported that posttraumatic 
arthritis is more common at the base of the 2nd metatarsal, 
which is a relatively constrained column with the least 
amount of physiologic motion among the three columns. The 
lateral column, which has the greatest amount of sagittal 
plane motion, is the least likely to be involved in symptom-
atic arthritis.

The above traditional classification systems fail to address 
subtle Lisfranc diastasis seen in low-energy athletic injuries, 
whose long term outcomes can be as debilitating as high 
energy injuries, if not managed appropriately due to missed 
or misdiagnosis. In 2002, Nunley and Vertullo [36] recog-
nized the importance of the subtle Lisfranc injury specific to 
the athlete’s midfoot and classified them into three groups 
based on clinical findings, weight-bearing radiographs, and 
bone scintigraphy. Athletes with stage I injury have pain only 
at the Lisfranc complex, negative radiographic findings, and 
increased uptake on bone scan. Those with stage II injuries 
have diastasis between the first and second metatarsals of 
1–5 mm greater than that of the contralateral side, without 

34 Subtalar, Chopart, and Lisfranc Joint Degeneration



338

loss of midfoot arch height. Diastasis >5 mm and loss of 
midfoot arch height represents a stage III injury. In their 
series, nonsurgical treatment of stage I patients and surgical 
treatment of stage II and III patients led to an excellent result 
in 93 %.

 Therapy

 Nonoperative Treatment
The goal for conservative treatment of midfoot arthritis is 
to balance the need for midfoot stability and midfoot func-
tion. Shoe modification and/or orthoses should be pre-
scribed to alter loading of the TMT joints [37]. Shoes may 
be modified by switching to rocker-bottom or stiff-soled 
shoes. Rocker- bottom soles help to facilitate the transfer of 
load from the hindfoot to the forefoot, bypassing the TMT 
joints. Stiff- soled shoes attempt to mimic the “stiffening 
strategy” that a patient with midfoot arthritis develops with 
normal gait. Stiff carbon fiber, full-length inserts can be 
used in place of a stiff- soled shoe and are easily transfer-
able between shoes; however, they can be uncomfortable in 
the shoe. Further motion-limiting orthoses may be used, 
such as the ankle foot clamshell orthosis coupled with a 
rocker-bottom sole. However, this increased stability comes 
at the cost of function.

The first line pharmacologic management of midfoot 
arthritis is with NSAIDs, when not contraindicated. As with 
the hindfoot joints, injectable therapy can provide temporary 
relief and includes corticosteroid and hyaluronic acid. There 
are few studies that rigorously look at the efficacy of these 
treatments. However, Drakonaki et al. [38] studied 59 
patients with ultrasound-guided steroid injections into the 
midfoot and found that most patients experienced partial 
pain relief for up to 3 months.

 Operative Treatment
Patients with persistent pain and functional decline, with or 
without deformity, who have failed a dedicated course of 
conservative management are candidates for operative man-
agement (Fig. 34.3f–h). The least invasive option involves 
excision of symptomatic osteophytes, however, in many 
patients this may not be enough to satisfactorily improve 
their symptoms. The mainstay definitive treatment of TMT 
joint arthritis is arthrodesis and can be conceptually sepa-
rated into treatment for medial and middle column arthritis 
and treatment for lateral column arthritis.

Pre-operatively, the extent of arthrosis and therefore, 
which joints should be included in the fusion mass must be 
determined. This is done via clinical and radiographic exams. 
If needed, differential intra-articular anesthetic injections 
into specific midfoot joints can be performed, however, 
recent cadaver studies have challenged the selectivity of this 

tool, showing that the anesthetic leaks into adjacent joints in 
up to 20 % of cases. If there is any doubt, intraoperative 
assessment of the condition and stability of the individual 
joints is definitive. The senior author (JKD) always confirms 
the intended joints for arthrodesis with a CT scan obtained 
perpendicular and parallel to the midfoot joints. This latter 
request is done so the surgeon does not have to deal with an 
infinite number of oblique slices on CT which are sometimes 
difficult to read.

Approach
The surgical approach for midfoot fusion varies, depending 
on which joints are being fused. In general, longitudinal inci-
sions are used and should be long enough to access the joints 
of interest without placing too much traction on the skin 
edges. If multiple incisions are used, one should ensure an 
adequate skin bridge is kept between the incisions.

Position of Arthrodesis
When arthrodesing the TMT joints, the goal is to fuse the 
foot in a plantigrade position that matches the opposite foot, 
if it is normal. This requires careful evaluation of the weight- 
bearing posture of both feet preoperatively. Most commonly, 
the associated deformity seen in midfoot arthritis is pes pla-
nus and abduction of the forefoot. If deformity is present, 
concomitant realignment of the foot during arthrodesis is 
essential for satisfactory result. If a tight heel cord is present 
after the midfoot is reduced intraoperatively, it should also 
be addressed, not only to increase dorsiflexion, but also to 
help reduce forces across the fusion site.

Medial and Middle Column Arthrodesis
Fusion of the medial and middle columns involves fixation 
of the 1st, 2nd, and 3rd TMT joints. The intercuneiform and 
naviculocuneiform joints may need to be included in the 
fusion based on preoperative and intraoperative assessment 
as discussed earlier.

Although multiple fixation constructs have been 
described, including screws alone, and combinations of 
screws and plates, which themselves can be compression or 
locking and placed dorsally, plantarly, or medially, no one 
construct has proven to be the gold standard. Limited evi-
dence suggests that plate fixation may provide increased 
mechanical stability compared with lag screw fixation alone 
[39, 40]. The efficacy of bone graft and biologic agents to 
augment fusion potential is not fully known and has not been 
widely studied [41]. The senior author (JKD), however, uses 
allograft or autograft in all patients. The amount of bone 
required is small and the risk of a nonunion is too great to not 
use bone graft. Furthermore, when multiple TMT joint are 
fused, a combination of dorsal plating with medial to lateral 
cross screw configuration is felt to offer the greatest strength 
of fixation.
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Regardless of fixation and use of augments, the best pre-
dictor of good outcomes in midfoot arthrodesis for posttrau-
matic arthritis is the quality of anatomic reduction of the 
TMT joint complex [42]. Outcomes studies generally agree 
that arthrodesis of the medial and middle joints improves sta-
bility and decreases pain but does not eliminate pain or nor-
malize function. Fusion rates range from 83 to 97 %, with 
older patients having the highest risk for nonunion [35]. 
Long-term complications are often related to loss of midfoot 
flexibility and/or malunion, and can include metatarsal stress 
fractures, metatarsalgia, sesamoid pain, and adjacent joint 
arthritis.

Lateral Column Arthrodesis
Management strategies for lateral column arthritis are var-
ied and controversial. Due to the relative increased mobil-
ity of the lateral column and function in accommodation 
on uneven surfaces, most agree that arthrodesis of the lat-
eral column should be avoided at all costs. Komenda et al. 
argue that fusion may result in increased rates of metatar-
sal stress fractures [35], chronic lateral foot pain, and 
increased rates of nonunion. However, Raikin and Schon 
argue that lateral column arthrodesis may benefit patients 
with lateral column collapse, rocker bottom deformity, and 
severe pain [43].

In light of the controversy surrounding the importance of 
maintaining lateral column motion, two attractive motion- 
sparing procedures to treat lateral column arthritis have been 
described. Lateral TMT joint resection with peroneus tertius 
soft-tissue interposition and ceramic interpositional arthro-
plasty have both been used and reported. Available studies 
indicate that both procedures result in significantly decreased 
pain [44, 45], although each may have its own unique 
complications.

 Rehabilitation and Back-to-Sports

The patient is kept non-weight-bearing for 6 weeks. 
Radiographs are obtained at that point and if satisfactory 
union is occurring, the patient is allowed to bear weight in a 
cast. Once satisfactory union is demonstrated on radiographs 
and clinical exam, the patient is progressed to full weight- 
bearing. This typically occurs at 10–12 weeks.

 Prevention

A high index of suspicion is needed to accurately diagnose 
subtle Lisfranc joint injuries early to avoid the late sequelae 
of posttraumatic arthritis. Upon return to sports, stress across 
the midfoot fusion site can be limited with a stiff sole orthotic 
or shoe modification with a rocker bottom.

 Summary

 1. The Lisfranc joint complex is the most commonly injured 
area of the midfoot, and posttraumatic arthritis is its most 
common complication.

 2. Delayed or missed diagnosis of subtle Lisfranc injuries 
predisposes the foot to chronic instability, deformity, and 
pain from posttraumatic arthritis.

 3. The 2nd TMT joint is the least mobile of the midfoot 
joints and most prone to development of symptomatic 
arthritis. The 4th and 5th TMT joints of the lateral column 
are the most mobile, allowing for balance and accommo-
dation on uneven ground, and therefore fusion of these 
joints should be avoided.

 4. Careful preoperative planning for TMT joint arthrodesis 
includes determination of the pathologic joints, presence 
of deformity, and presence of heel cord contracture.

 5. Multiple fixation constructs have been described for TMT 
joint arthrodesis, but no gold standard exists.
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Coalition and Sports

Tetsuro Yasui

Abstract

When an adolescent athlete presents with pain in the foot and ankle region, the diagnosis of 
tarsal coalition should be considered. Tarsal coalition is a congenital anomaly characterised 
by bony, cartilaginous or fibrous union of the bones in the hindfoot and midfoot. Most such 
coalitions are talocalcaneal or calcaneonavicular. Pain, peroneal spasm, rigid flatfoot, and a 
bony prominence inferior to the medial malleolus are typical signs and symptoms of such a 
coalition. The diagnosis can usually be made by plain X-ray. MRI, CT, and SPECT-CT are 
additional useful diagnostic modalities. In talocalcaneal coalition, the C sign and talar 
beaking are frequently visible in a lateral radiograph. Oblique radiographs of the foot are 
useful for detecting calcaneonavicular coalition. If conservative treatment such as reduced 
activity and cast immobilization is ineffective, excision of the coalition should be 
considered.
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 Etiology and Pathomechanism

Tarsal coalition is a congenital anomaly characterised by bony, 
cartilaginous or fibrous union of the bones in the hindfoot and 
midfoot [1]. Symptomatic coalition is uncommon, the reported 
occurrence rate being 1–2 %; however, asymptomatic coali-
tion is reportedly not as rare [2, 3]. In their MRI-based study, 
Nalaboff et al. reported that 12 % of the population have coali-
tion [4]. In another study of 100 cadavers, Solomon et al. 
reported the incidence of tarsal coalition was 12.72 % [5].

Due to the rigidity of the hindfoot and therefore biome-
chanically hyper-stress of the ankle joint, individuals with 
coalitions are thought to sustain ankle injuries more fre-
quently than those without them. In support of this conten-
tion, Snyder et al. reviewed the X-ray films of 89 patients 
who had sustained ankle sprains during sports activity and 

reported that 58 of these subjects (65 %) had roentgeno-
graphic evidence of calcaneonavicular coalition [6].

The accepted likely cause of tarsal coalition is a failure of 
primitive mesenchyme to segment and produce a normal 
joint complex in the embryonic period [1]. An autosomal 
dominant pattern of inheritance has been reported [7].

Approximately 90 % of symptomatic coalitions are talo-
calcaneal or calcaneonavicular, followed by the rare forms of 
talonavicular, calcaneocuboid, and naviculocuneiform [8, 9]. 
Coalitions usually become symptomatic between the ages of 
10 and 15 years [10].

Although rare, stress fractures of the anterior process of 
the calcaneus in athletes with calcaneonavicular coalition 
have been reported [11, 12].

 Symptoms

The major symptoms are rigidity and pain. The pain occurs 
at the coalition site, typically being slightly inferior to the tip 
of medial malleolus in talocalcaneal coalition and in the 
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anterior portion of the sinus tarsi in calcaneonavicular coali-
tion. The pain is caused by restricted mobility of the affected 
bones and articulations [13].

Adolescent athletes sometimes present with vague pain 
around the hindfoot or frequent ankle sprains. When adoles-
cent athletes present with hindfoot or midfoot pain, coalition 
should always be considered.

Rigid flatfoot with spasm of the peroneal tendons is a 
typical symptom and should suggest the diagnosis of tarsal 
coalition. Prominent peroneal tendons in the lateral aspect of 
lower leg are apparent when these tendons are in spasticity. 
In addition, when an examiner attempts to invert the hind-
foot, the patient experiences pain extending upward along 
the peroneal tendons. Although the mechanisms of peroneal 
spasms in patients with coalition are unclear, such spasm 
sometimes leads to peroneal spastic flatfoot. Far less com-
monly, patients develop tibialis spastic varus foot rather than 
peroneal spastic flatfoot [14].

In subjects with talocalcaneal coalition, a bony promi-
nence inferior to medial malleolus is detectable either by pal-
pation or visual examination. This prominence is due to a 
talocalcaneal bar and sometimes causes tarsal tunnel syn-
drome [10].

 Diagnostics, Classification

After history taking and physical examination, a diagnosis of 
tarsal coalition is usually achieved by X-ray and advanced 
diagnostics as CT scan, MRI, or SPECT-CT.

In talocalcaneal coalition, a C-shaped line created by the 
medial outline of the talar dome and the sustentaculum tali 
(“C sign”) is visible in lateral ankle radiographs (Fig. 35.1) 
[15]. Anterior talar beaking, a secondary manifestation of 
lack of subtalar motion, is sometimes observable. Axial 
views of the calcaneus or anteroposterior views of the ankle 
joint sometimes show the site of talocalcaneal coalition 
(Fig. 35.2).

In calcaneonavicular coalition, lateral oblique views of 
the foot are useful for detecting the characteristic bar 
(Fig. 35.3). Although the calcaneus does not border the 
navicular in subjects with normal anatomy, in a typical calca-
neonavicular coalition there is an irregular bony border 
between the anterior process of the calcaneus and the lateral 
side of the navicular. Lateral views show a long anterior pro-
cess of the talus; this is sometimes described as the “anteater 
nose sign” (Fig. 35.4) [16].

CT scans reveal the location and extent of coalition more 
precisely than X-ray films (Figs. 35.5 and 35.6) [17, 18].

Because most coalitions are asymptomatic, clinicians 
should assess whether detected tarsal coalitions are the cause 
of the presenting pain. Tenderness at the coalition site, bone 
edema and/or reactive inflammatory changes on MRI scans 
and uptake on SPECT-CT are helpful in ascertaining this 

(Fig. 35.7) [19]. Local anaesthetic injections at the coalition 
site can also help in assessing whether the coalition is symp-
tomatic or not.

Fig. 35.1 Lateral ankle radiograph of a patient with a talocalcaneal 
coalition. The arrow heads indicate the C sign

Fig. 35.2 Anteroposterior radiograph of the ankle of a patient with a 
talocalcaneal coalition. The arrowhead indicates the coalition
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There is no well-accepted classification system; however, 
Kumar classified talocalcaneal coalition into the following 
three types based on CT findings: type 1, an osseous bridging 
of the middle facet joint; type 2, a cartilaginous coalition in 
which marked narrowing of the middle facet joint is visible; 
and type 3, a fibrous coalition in which only slight narrowing 
of the facet is apparent [20]. More recently, Rozansky et al. 
proposed more detailed classification system [21].

 Therapy

Conservative treatment comprises reduced activity or cast 
immobilization. A 6-week short-leg walking cast is some-
times very effective [22]. Appropriate insoles and lace-up 
ankle braces or both are useful for assisting athletes to return 
to sports activity.

Surgical treatment should be considered when the results 
of conservative treatment are not satisfactory. The two major 
surgical options are excision of the coalition and arthrodesis.

For talocalcaneal coalitions, strong indications for excision 
of the coalition are minimal or no degenerative change in the 
talocalcaneal joint and the coalition involving ≤50 % of the 
posterior talocalcaneal joint (Fig. 35.8) [23, 24]. Wilde et al. 
reviewed 20 feet with talocalcaneal coalitions and reported that 
fair or poor results were observed in the feet in which preopera-
tive CT had shown the area of relative coalition to be greater 
than 50 %; all such feet had heel valgus of >16° [24]. On the 
other hand, the presence of talar beaking, which is believed to 
be a secondary manifestation of impairment of subtalar mobil-
ity, does not contraindicate resection of a tarsal coalition [25].

Fig. 35.3 Oblique radiograph of the foot of a patient with a calcaneo-
navicular coalition. The dotted circle indicates the coalition

Fig. 35.4 Lateral radiograph of the foot of a patient with a calcaneona-
vicular coalition. The arrowheads indicate the anteater nose sign

Fig. 35.5 CT image of a patient with a talocalcaneal coalition. The 
arrowhead indicates the coalition

Fig. 35.6 CT image of a patient with a calcaneonavicular coalition . 
The dotted circle indicates the coalition. 
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Surgeons should study the CT images carefully preopera-
tively to ensure that they excise the entire coalition from the 
medial side. Care should be taken not to damage the plantar 
nerves. When a coalition has been adequately excised, the 
talocalcaneal joint becomes mobile. Coalitions can recur if 
excision has been incomplete; conversely, excessive resec-
tion of bone can lead to instability and increased risk of frac-
ture. Recurrence of coalition can be avoided by pasting bone 
wax and interposing fat tissue in the excision site or both. In 
cases of severe preoperative pes planovalgus et abductus an 
additional lateral calcaneal lengthening osteotomy or other 
osteotomy might be necessary to avoid increase of the flat-
foot deformity and therefore pain after coalition resection.

When more than 50 % of the posterior facet is involved in a 
coalition or definite degenerative change is observed, the rec-
ommended surgical procedure is subtalar or triple arthrodesis.

For calcaneonavicular coalition, the standard procedure is 
excision of the coalition and interposition of the extensor 
digitorum brevis muscle (Fig. 35.9). Surgeons should be 
aware that the coalition site is usually about 2 cm deep and 
that the depth is easily underestimated preoperatively. 
Incomplete excision of bones leads to recurrence of  coalition. 

In patients with osteoarthritic changes in adjacent joints, tri-
ple arthrodesis should be considered although it may by 
nature limit athletic performance.

When appropriate surgery is performed on carefully 
selected patients, the clinical results of excision of  talocalcaneal 
or calcaneonavicular coalitions are favourable even in athletic 
subjects. Morgan et al. reported that seven of eight adolescent 
athletes with symptomatic tarsal coalitions were able to return 

Fig. 35.8 CT image of a patient with a talocalcaneal coalition after 
excision of the coalition. Same patient as shown in Fig. 35.5

Fig. 35.9 Oblique radiograph of a patient with a calcaneonavicular 
coalition after excision of the coalition. Same patient as shown in 
Fig. 35.3

Fig. 35.7 SPECT-CT image of a patient with a talocalcaneal 
coalition
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to competitive athletics after surgical resection [13]. O’Neil 
et al. reviewed 20 feet of athletes treated surgically and 
reported achieving excellent or good objective results in 19 of 
20 feet and satisfactory subjective results in 17 of 20 [25].

There are no published recommendations for managing 
stress fractures around coalition sites. Pearce et al. reported 
treating a case of stress fracture of the anterior process of 
the calcaneus in a professional rugby player with calcaneo-
navicular coalition by screw fixation [11]. Nilsson et al. 
reported conservative treatment of another case of stress 
fracture of the anterior process caused by training for a mar-
athon [12].

 Rehabilitation and Back-to-Sports

Postoperatively, walker or a split cast support for 2–4 weeks 
followed by physical therapy to maintain joint motion is rec-
ommended [10, 13, 25]. Once the swelling and pain have 
decreased, the patient is allowed to return to participating in 
sport. Use of arch supports/insoles is sometimes helpful in 
preventing increasing of flatfoot deformity postoperatively 
and facilitating return to sport.

 Prevention

Because tarsal coalition is a congenital anomaly, prevention 
is not possible.

 Evidence

No level I/II studies regarding tarsal coalitions have been 
published. However, there are several level III retrospective 
studies. Takakura et al. reported relevant clinical variables 
and outcomes of 67 feet of 42 patients with symptomatic 
talocalcaneal coalitions [10]. Khoshbin et al. reported the 
long- term functional outcomes after resection of tarsal coali-
tions in 32 cases [8]. Luhmann et al. reported the results of 
excision of talocalcaneal coalitions in 25 feet and discussed 
the indications for surgery [23]. As for athletes, O’Neill and 
Micheli retrospectively reviewed 20 feet of adolescent ath-
letes and reported the objective and subjective outcomes [25] 
and Morgan et al. studied 12 adolescent athletes with tarsal 
coalitions [13].

 Summary

 1. When an adolescent athlete presents with pain in the foot/
ankle region, coalition should be considered as a possible 
diagnosis.

 2. On physical examination, the typical signs of coalition 
are peroneal spasm, rigid flatfoot, and a bony prominence 
inferior to the medial malleolus.

 3. Plain X-ray examination is important in screening for tar-
sal coalition. The C sign and talar beaking in a lateral 
radiograph are frequently observed in talocalcaneal coali-
tion, whereas an oblique radiograph of the foot is useful 
for detecting calcaneonavicular coalition.

 4. CT, MRI, and SPECT-CT scans are useful for accurate 
and precise assessment of symptomatic tarsal coalitions.

 5. When surgical treatment is indicated, excision of the 
coalition is the first choice. Care must be taken to excise 
the necessary amount of bone.
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Hallux Valgus and Hallux Rigidus 
in Sports

Arno Frigg

Abstract

Hallux valgus and hallux rigidus are the two most frequent pathologies around the MTP-1- 
joint. Hallux valgus is more common in the general population, and hallux rigidus is more 
common among athlethes. Stiffness of the MTP-1-joint is one of the most dreaded compli-
cations after hallux surgery. In the case of recreational sports, hallux valgus and rigidus can 
be treated in the same way as in the general population. Professional athletes require a dif-
ferent treatment. Surgery should be delayed as long as possible because there is a high risk 
of potentially career-ending scarring of the joint. For hallux valgus in professional athletes, 
the aim is to convert a decompensated bunion into a compensated one. This can usually be 
achieved with a simple chevron osteotomy, which has a low risk of scarring and complica-
tions. More extensive surgery should be delayed until the end of the competitive career. In 
the case of hallux rigidus, a simple cheilectomie, possibly with an additional closing wedge 
osteotomy of the proximal phalanx and/or shorting of the distal first metatarsal, is sufficient. 
More extensive surgery, again, ought to be delayed until the end of the competitive career. 
To decrease the risk of scarring, minimal invasive surgical techniques should be used more 
frequently for treatment of hallux valgus and rigidus.

Keywords

Hallux valgus • Hallux rigidus • OCD • MTP-1-joint • Sports • Treatment • Minimal inva-
sive surgery

 Etiology and Pathomechanism

The first ray is the most important weight-bearing part of the 
forefoot. During the stance phase, the hallux bears 40–60 % of 
the body weight, twice as much as the lesser toes [1]. During 
walking, forces on the hallux increase to 2–3 times the body 
weight, and during running to up to 8 times the body weight 
[1]. It is estimated that the foot of an average person absorbs 
64 t of weight while walking one mile, and 110 t while running 

one mile [2]. At toe off, the center of pressure is located under 
the hallux. Studies in runners showed that most of the plantar 
pressure is located in the distal-most 20–40 % of the shoe, 
indicating that most time is spent on the forefoot [2]. Therefore 
athletes can injure the first ray either due to an acute accident 
or due to chronic overuse. Hallux valgus and rigidus often 
occur together in athletes and are therefore described together 
in this chapter. In the general population, hallux valgus is the 
most common pathology around the MTP-1-joint (meta-tarso-
phalangeal), and hallux rigidus is the second most common. 
By contrast, in athletes hallux rigidus is the most common 
pathology [3]. Furthermore hallux rigidus is more painful and 
more disabling than hallux valgus [4].
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 Hallux Valgus

 Etiology
The incidence of hallux valgus has two peaks: about half 
of the cases occur in patients who are younger than 20 
years (juvenile hallux valgus), and the other half occurs in 
patients aged between 30 and 50 years (acquired hallux 
valgus) [5]. Metatarsus primus varus, hyperlaxity and flat-
feet are frequent etiologies in juvenile and acquired hallux 
valgus [6]. The primary cause of the acquired hallux is the 
body mass pressing the foot on the ground over decades, 
and for this reason the acquired hallux is aggravated by 
obesity, age and inappropropriate shoewear such as high 
heels and narrow shoes. In sports, repetitive activities 
coupled with flatfeet may lead to progressive deformity 
[5]. Rare causes of traumatic hallux valgus with rupture of 
the medial collateral ligament of plantar plate have been 
reported [7].

Hallux valgus occurs with a frequency of about 2–4 % in 
different ethnicities, but is symptomatic and more frequent in 
shoe-wearing societies [8]. Different ethnicities have a dif-
ferent anatomy of the foot and different incidence of hallux 
valgus [9]. The higher incidence of hallux valgus in women 
is caused by high heels, constricting foot wear and different 
soft tissue.

 Sports
There is no unanimity on the issue whether dance has an 
influence on the occurrence of hallux valgus. Some authors 
report that although dancers put an extreme stress on the 
MTP-1-joint, it is unlikely that dancing causes hallux valgus. 
Dancers are found not more prone to bunions than the rest of 
the population [10, 11], and hallux valgus was not more fre-
quent in dancers than non-dancers [11]. By contrast, Van 
Dijk [12] found a greater number of cases of hallux valgus in 
dancers than in a control group. Dancing en-pointe and 
demi-pointe increases the forces around the MTP-1-joint, 
which may exacerbate an existing bunion [10, 11].

In rock climbers a high incidence of hallux valgus is 
described, and it is attributed to the widespread use of tight 
climbing shoes, which are on average two sizes smaller than 
the normal shoes [13].

 Pathomechanism
The MTP-1-joint is stabilized by the extensor hallucis lon-
gus and the extensor hallucis brevis, the flexor hallucis 
longus and the flexor hallucis brevis, the abductor and 
adductor hallucis, the medial and lateral capsule and col-
lateral ligaments. Injury to any of these structures can alter 
the position of the hallux. The insertion of the adductor 
hallucis onto the lateral sesamoids and the plantar base of 
the proximal phalanx plays a main role in the development 

of the deformity: The insertion of the adductor hallucis 
exerts not only a lateral force on these structures but also a 
rotational component [5]. As a consequence, with increas-
ing hallux valgus deformity the great toe pronates (the nail 
turns towards the medial side), the sesamoids subluxate 
laterally, the medial aspect of the first metatarsal head 
becomes more prominent, and weigth bearing shifts from 
the first metatarsal head to the second metatarsal head 
causing metatarsalgia. As the hallux moves laterally, it 
may occupy the space of the second toe leading to a ham-
mertoe or cross-over deformity [2].

 Hallux Rigidus

 Etiology
Causes leading to hallux rigidus include the following [3, 14, 
15]:

 – Primary or idiopathic
• a long narrow foot
• a pronated foot
• a long first metatarsal
• metatarsus primus elevatus

 – Secondary:
• poor footwear
• post-traumatic acute or chronic injury
• obesity
• age
• neuromuscular disorders
• arthritis (rheumatoid, psoriasis)
• immobilization

 Sports
In beach soccer players OCD (osteochondral defects) are 
caused by hyperflexion or hyperextension [16]. Usually in 
kicking sports such as soccer, the dominant foot is affected 
with an acute fracture or repetitive stress [1]. Seventeen per-
cent of soccer players were affected by hallux rigidus [17]. A 
higher occurrence of hallux rigidus was found in ballet danc-
ers than in the control group [12].

 Pathomechanism
The normal ROM (range of motion) of the MTP-1-joint is 
flexion/extension 20-0-70° (to 30-0-80°). The amount of 
dorsiflexion needed in sports is greater (80°-100°) than in 
normal ambulation (65–75°) because of the prolonged pro-
pulsive phase, the longer stride length in running, and the 
increased ROM required for squatting or push-of activities 
[3, 14]. Relative forces press the base of the proximal pha-
lanx against the dorsal portion of the metatarsal head, which 
causes articular damage and osseous proliferation.
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 Symptoms

 Hallux Valgus

Hallux valgus is characterized by a medial prominence of the 
great toe and medial or varus deviation of the first metatarsal, 
accompanied by inflammed bursa and lateral or valgus devi-
ation [8]. It may also be associated with pain under the sesa-
moids, metatarsal heads (metatarsalgia) and toe deformities 
(hammer toes, claw toes, cross-over toes). Hallux valgus 
may also be associated with sesamoiditis and stressfractures 
as a consequence of a flatfoot.

Since athletic activity puts a high load on the MTP-1- joint, 
overuse may lead to early degenerative changes. Therefore 
hallux valgus cannot be considered and treated alone but 
should be treated in conjunction with hallux rigidus.

In ballet it is not uncommon to see a clinically obvious 
bunion with an inflamed bursa but no pain [10]. In dancers 
there are two types of hallux valgus [10, 18]:

 – Compensated bunion: slowly progressive bunions with a 
normal ROM and a congruous joint.

 – Decompensated bunion: are rapidly progressive bunions. 
The dancer is affected by loss of ROM and progressive 
pain.

 Hallux Rigidus

Hallux rigidus is an osteoarthritic condition of the MTP-1- 
joint. It is characterized by a limited ROM, the formation of 
osteophytes, and associated synovitis. Some authors refer to a 
decrease in ROM as a hallux limitus and to a restricted dorsi-
flexion of <30° as a hallux rigidus [3, 14]. At the same time, 
these authors do not distinguish between hallux limitus and 
hallux rigidus, but instead prefer a grading of hallux rigidus 
(please see section “Classification”). A functional hallux rigi-
dus exhibits a normal ROM during the clinical examination in 
unloaded condition, but a limited ROM in response to load 
[14]. This is seen in any condition that functionally elevates 
the first ray, effectively blocking dorsiflexion, e.g. hypermo-
bility of the first ray and metatarsus primus elevatus [14].

The main problem in athletic contexts is that most sports 
require a large ROM and a limitation causes disability. In 
running, for instance, a sprinter requires an extreme ROM, 
while the ROM needed in long or middle distance runners is 
less [8]. In ballet dancing 80–90° of dorsiflexion are required 
[10]. The IP-joint often compensates a restricted ROM of the 
MTP-1-joint with hyperextension. In particular in sports, 
this may force the nail of the hallux into the toe-box of the 
shoe, resulting in subungual hematoma and dystrophic nail 
changes [14].

 Diagnostics, Classification

For both hallux valgus and hallux rigidus radiographs, dorso- 
plantar and lateral, of the weight-bearing foot are needed. In 
case of a foot deformity, ankle radiographs and a hindfoot 
alignment view are helpful too. As a second step, MRI is 
required to evaluate cartilage, sesamoids and soft-tissues. In 
complicated cases a third step is recommended, namely the 
use of SPECT-CT to verify occult pathologies such as osteo-
chondral defects, bone necrosis and CRPS.

 Hallux Valgus

The values of the most important anatomic angles character-
izing a normal hallux are the following [5]:

 – IMA = intermetatarsal angle <9°
 – HVA = hallux valgus angle <20°
 – DMAA = distal metatarsal articular angle <10°
 – PPAA = proximal phalangeal articular angle, describing 

the inclination of the proximal articular surface to the axis 
of the proximal phalanx. The presence of a significant 
angulation defines a hallux interphalangeus.

Coughlin [5] differentiates between a congruous and a 
non-congrous MTP-1-joint. Congruity describes the orienta-
tion of the articular surfaces of the proximal phalanx and the 
metatarsal head:

 – Congruent joint: The center of the metatarsal head corre-
sponds to the center or the proximal phalanx. This is con-
sidered as a stable configuration and deformity does not 
progress with time.

 – Incongruent joint: There is subluxation of the MTP-1- 
joint. The proximal phalanx deviates laterally in relation 
to the metatarsal head. With an incongruous joint there is 
significant risk of hallux valgus progression.

 Hallux Rigidus

On radiographs, the hallux rigidus is graded according to the 
degenerative changes in the MTP-1-joint [1, 5, 14]:

 – Grade 0 = decreased ROM without articular changes
 – Grade I = dorsal spur, minimal changes
 – Grade II = osteophytes dorsal, lateral, medial, <25 % joint 

space narrowing, flattening of the head
 – Grade III = destruction of articular cartilage, >25 % joint 

space narrowing, sesamoids enlarged, cystic changes
 – Grade IV = presence or developmet of ankylosis
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 Therapy: Conservative Treatment 
and Surgery

 Hallux Valgus

Stiffness of the MTP-1-joint is one of the most dreaded com-
plications after hallux valgus surgery [19]. Therefore a con-
servative approach should be taken to a hallux valgus in 
athletes whenever possible. Many world record holders and 
Olympic gold medalists have clinically severely deformed 
feet, and yet they perform at a top level. The fact that one can 
be a world champion with a pathology shows that the clinical 
relevance of a deformity is only relative.

Stiffness is a greater impediment to athletic activity than 
pain. Since every surgical intervention runs the risk of result-
ing in stiffness, surgery should be considered only if pain and 
discomfort of the hallux impose serious limitations on ath-
letic activity. In particular in the case of professional athletes, 
surgery should be delayed until the athlete either retires or 
the problems reach a level of severity that makes athletic per-
formance impossible [5, 10, 11]. This is because foot and 
ankle surgeries that routinely show good results in the gen-
eral population can prematurely end an athletic career [4].

 Conservative Treatment
Conservative measures include the use of pads and insoles 
both in sport shoes and everyday shoes. No form of brace or 
night splint has been found to be effective [10]. Furthermore, 
shoes with a wide toe box are recommended because they 
avoid friction and blistering. Shoes with a medial support 
and flat heel are preferable [4].

 Surgical Treatment
The goal of a treatment should be the functional return to 
sports. Most compensated bunions can be treated conserva-
tively [2]. If surgery is unavoidable, a simple chevron oste-
otomy is sufficient. A complete correction of the deformity 
is not always possible. This is not a major problem, thought, 
because all that is needed to restore functionality is the con-
version of a decompensated bunion into a compensated bun-
ion [2]. More extensive surgical procedures such as proximal 
osteotomies or Lapidus arthrodesis should be avoided because 
of the extensive nature of these procedures, the risk of joint 
stiffness, and the prolonged recovery time [2, 4, 18]. Hence, 
professional athletes should be given tentative treatments 
until they retire [6, 18]. By contrast, amateur athletes can 
given definitive treatments as long as they are aware that 
some functionality may be lost [18].

There are a large number of different hallux valgus sur-
geries. The following is an overview of the author’s preferred 
methods:

 1. Extraarticular hallux surgery (HVA <20°):
 (a) McBride: Distal soft tissue alignment and resection 

of the medial eminence (buniectomy, open or mini-
mally invasive).

 (b) Akin-osteotomy: Medial closing wedge osteotomy of 
the proximal phalanx (open or minimally invasive) 
(Fig. 36.1).

 2. Intraarticular surgery:
 (a) Chevron/short Scarf-osteotomy: The aim of the sur-

gery is to restore normal anatomic angles. The IMA 
should not be overcorrected below 4°, otherwise the 
risk of hallux varus increases. The aim is to achieve 
an IMA of 4–5°. How much the head has to be shifted 
laterally is decided during the preoperative planning. 
If the shift is <50 %, the surgeons perform a chevron 
or short scarf osteotomy (2 cm L-shape, IMA usually 
<14°). This technique can be used in a way that is 
minimally invasive (Fig. 36.2)

(b) Long or classical Scarf-osteotomy: If more than 50° 
of shifting is needed a long “classical” scarf (until 
1.5 cm distal to the TMT-1-joint) is performed as 
long as the IMA is not more than 18–20° [19]. The 
problem with scarf osteotomies is that with large 
IMA not only a lateral shift but also a lateral rotation 
is made, which creates a pathologic DMAA leading 
to an incomplete hallux valgus correction or recur-
rence in the postoperative course. Furthermore in the 
case of pathological DMAA, the scarf- osteotomy 
allows only minimal correction of the DMAA and is 
therefore not indicated [19]. In such cases proximal 
metatarsal osteotomies are preferred.

a b

Fig. 36.1 Ultra-Marathon runner before (a) and after percutaneous lat-
eral release, cheilectomy and Akin-osteotomy (b)
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 3. Proximal metatarsal osteotomies:
Proximal osteotomies are indicated at an IMA over 
16–18°. Depending on the length of the first metatarsal in 
relation to the second metatarsal, an open or closing 
wedge osteotomy is performed. To correct all anatomic 
pathologies, we have a preference for the so-called triple 
osteotomy, which is a proximal osteotomy combined with 
a chevron osteotomy for the correction of the DMAA and 
an Akin-osteotomy. This triple osteotomy gives solid and 
reliable results also in amateur athletes. There are three 
types of proximal osteotomies:
 (a) Proximal open wedge osteotomy: In case of an index 

plus situation (second metatarsal longer than the first 
one), an open wedge osteotomy is recommended as it 
lengthens the first metatarsal. Furthermore it can sta-
bilize unstable TMT-1-joints and is beneficial in the 
case of flatfeet (Fig. 36.3).

(b) Proximal closing wedge osteotomy: In case of a long 
first metatarsal in relation to the second metatarsal 
(index minus), this kind of osteotomy is recom-
mended because it shortens the first metatarsal bone 
(Fig. 36.4).

(c) Crescentic osteotomy: This is a curved osteotomy 
characterized by a 1.5 cm distal to the TMT-1-joint 
described by Coughlin [5] with pure rotation of the 
metatarsal bone. It may be technically demanding 
and shortens the bone by the amount of the saw-blade 
(approximately 2 mm). We therefore prefer the open 
wedge osteotomy.

 4. Lapidus-Arthrodesis: This is the fusion of the TMT-1- 
joint. It is indicated in TMT-1-hypermobility. The main 
problem with this procedure is the shortening of the first 
ray by about 4 mm leading to metatarsalgia and as result 
to more surgery, more scarring and more disability [18]. 
Therefore we try to avoid this surgery.

 Hallux Rigidus

 Conservative Treatment
Conservative treatments include a stiff sole, rocker bottom 
shoes, shoes with a wide toe box to accommodate the 
enlarged joint, pain medication and taping [14, 15].

 Surgical Treatment
Surgery is only recommended if all conservative measures 
have failed. The following is an overview of the author’s pre-
ferred methods:

 1. Cheilectomy:
Resection of the dorsal osteophytes and removal of 
about 25–30 % of the dorsal joint to allow dorsiflexion 
of 110–120° [4, 10]. The athlete has to be warned, 
however, that this treatment only lowers symptoms and 
does not restore normal functionality. The reason for 
this is that hallux rigidus is a degenerative disease 
(Fig. 36.5).

 2. Periarticular Osteotomies:
 – Moberg osteotomy: Dorsiflexion osteotomy of the 

proximal phalanx to increase dorsiflexion.
 – Waterman-Green Osteotomy: Removal of a dorsal 

wedge from the first metatarsal. The joint is pre-
served and decompressed. This technique requires an 
intact cartilage on the plantar and central aspect of 
the joint.

 – Barouk-Osteotomy [20]: This is an oblique osteotomy 
similar to a Weil-osteotomy of the lesser metatarsals. 
The elevated first metatarsal head is lowered and the 
joint decompressed by shortening the first ray 
(Fig. 36.2).

 3. Osteochondral defects: OCD should be treated with 
debridement and drilling holes into the bleeding 
bone [16, 21]. For defects >50 mm2 or cystic lesions 
an osteocondral autograft transfer from the lateral 
edge of the trochlea of the knee should be performed 
[22].

 4. Arthroscopic surgery of the MTP-1-joint is possible for 
dorsal impingement syndrome, OCD, and painful sesa-
moid bones [23]. However we prefer minimally invasive 
techniques for dorsal impingement syndromes.

a b

Fig. 36.2 (a) Professional Baseball player with hallux valgus and 
 rigidus. (b) A shortening Chevron osteotomy and percutaneous 
 Akin-osteotomy were performed. Prolonged rehabilitation over 6 
months followed by a return to 100 % professional competition
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We advise strongly against the use of the following exten-
sive techniques for professional athletes; however, they 
remain an option for recreational sports:

 1. Arthrodesis: Procedure is limited to individuals who do 
not require motion at the MTP-1-joint. It is a good option 
for weekend athletes and recreational sports but not for 
competitive athletes [2] (Fig. 36.6).

 2. Keller-Brandes Procedure: Resection arthroplasty with 
resection of a part of the proximal phalanx and metatarsal 
head and interposition with joint capsule or an allograft 
matrix. It should not be used in athletes because it dis-
rupts the plantar plate and flexor mechanism and will 

result in decreased push off [2]. Furthermore 15 % of 
cock-up deformity can occur [5].

 3. Silicone hemiarthroplasty (Swanson) or total joint arthro-
plasty: Both are contraindicated in athletes because the 
decreased weight bearing capacities of the first ray may 
lead to transfer metatarsalgia. The increased load in sports 
may lead to early failure of the implant [8]. Silicone 
arthroplasty showed poor results as regards joint stiffness, 
soft tissue reaction due to bony resorption around the 
implant, and loosening of the prosthesis [2, 15]. Also total 
joint replacement has not been consistently successfull 
because of joint stiffness, synovitis, implant failure and 
loosening [1, 2].

a b
Fig. 36.4 Recreational mountain-biker and 
squash player with index-minus variation.  
A triple osteotomy with proximal closing 
wedge was performed. Return to full amateur 
competitive level after surgery

ba
Fig. 36.3 Ballet student with symptomatic flatfoot, painful 
bunion, and index-plus variation. A triple osteotomy with proximal 
open wedge was performed and insoles for the flatfoot prescribed. 
Full return to dancing
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 Minimally Invasive Surgery

To date, it has not been possible to formulate clear recom-
mendations for the use of MIS for hallux valgus or hallux 
rigidus surgery. However, preliminary results are encourag-
ing [24]. One can distinguish between percutaneous and 
minimally invasive surgery:

 1. Percutaneous surgery is performed through the smallest 
possible working incisions (usually 1–3 mm) without 
direct visualization of the target structures, using a mini- 
blade for soft-tissue incision and a rotatory burr for bony 
procedures under fluoroscopy.

 2. MIS is performed through the smallest incision necessary 
to perform the surgery (usually 1–3 cm) using a traditional 
scalpel for soft-tissue incision and saw blades for bony 
procedures under direct visualization of the structures.

Minimally invasive procedures reduce the surgical 
trauma and operating time. This is advantageous due to 
potentially fewer complications, especially stiffness, and 
quicker recovery [19]. The Reverdin-Isham procedure [25] 
can be performed up to an IMA of 15° and a HVA of 40°. It 
is not yet clear, however, whether the procedure leads to 
reduced stiffness. A 17 % loss of ROM was observed which 
is comparable to the standard open procedures [19]. A 
potential explanation of this fact is that the working area 
was insufficiently cleaned and irrigated of bony debris and 
fragments [24]. The clinical results obtained with percuta-
neous procedures for the correction of mild to moderate 
hallux valgus are currently comparable to, but not better 
than, results obtained in most series of open surgery [24].

 Rehabilitation and Back-to-Sports

The average time to return to low-level athletic activity (15–
20 min of running or practice) after a first metatarsal oste-
otomies is 9 weeks; after a buniectomies for hallux valgus 6 
weeks; and after cheilectomies for hallux rigidus between 7 
weeks and 6 months [11, 26]. Athletes must be informed 
that even if the surgery is successful, they may not regain 
the required ROM for sports [11]. The average time to return 
to recreational sports such as swimming, golf, and jogging 
is 16 weeks [22]. The return to training can be advanced, for 
instance, by wearing cast boots. Return to competition can 
require months because surgical results continue to improve 
6–12 months postoperatively. Dancers often continue danc-
ing during recovery, which often prolongs, and at times 
complicates, treatment [4]. No dancing should be allowed 
for at least 3months after surgery [10].

After MTP-1-joint arthroplasty with the Toefit-plus joint 
replacement 91 % of patients were able to resume a recre-
ational activity after 18 months. Low-impact sports (such as 
walking, hiking, swimming, dancing, golf, and cycling) were 
recommended because of the risk of loosening and the early 
failure associated with more intense physical activity [27].

 Prevention

Hallux valgus can partially be prevented by wearing shoes 
with a wide toe box and by choosing them large enough to 
avoid compression of the forefoot. In the case of flatfeet the 
use of orthopedic insoles can avert the onset of hallux valgus. 

a b

Fig. 36.5 Police officer with hallux rigidus before and after cheilec-
tomy and Moberg osteotomy. Equipped with insoles and stiff sole over 
the MTP-1-joint he made a full return to work and running sports

ba

Fig. 36.6 Recreational tennis player with hallux rigidus (a) before 
and (b) after MTP-1-arthrodesis with staples and one screw. Doing 
more sports after surgery than before
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Sport itself is controversially discussed as cause of an 
increased deformity progression. However, the only way to 
avoid a hallux valgus due to sports is to avoid sports itself, 
which is impractical. Hallux rigidus is also triggered by 
acute or repetitive trauma to the MTP-1-joint during sports. 
Stiff insoles and a wide toe box can prevent a hallux rigidus 
from becoming symptomatic.

Patients who are diagnosed with symptomatic hallux val-
gus and rigidus at a young age should be advised not to pur-
sue a career a professional athletes. This is because these 
conditions are incurable and have the potential to bring an 
athletic career to a premature end at any time [6].

 Evidence

The following is a description of highest evidence with an 
indication of the Level and Grade of evidence:

Bauer 2009 Level IV [19]
Danilidiis 2008 Level IV [27]
Mullier 1999 Level IV [3]
Kim 2014 Level III [22]
Maffulli 2011 Level III [24]

 Summary: 5 Take-Home Lessons

First, hallux valgus and hallux rigidus are the two most fre-
quent pathologies of the MTP-1-joint. Hallux valgus is more 
common in the general population, while hallux rigidus is 
more common among athletes. Athletes often suffer from 
both conditions simultaneously.

Second, in case of professional athletes, surgery should 
be avoided for as long as possible. Only if the condition gets 
unbearable an operation should be carried out. This is 
because of possible scarring of the joint and which has the 
potential to bring an athletic career to an untimely end.

Third, as regards hallux valgus, the aim is to convert a 
decompensated bunion into a compensated one. This can 
usually be achieved with a simple chevron osteotomy which 
has a low risk of scarring and complications.

Fourth, as regards hallux rigidus, a simple cheilectomie is 
usually sufficient, potentially accompanied by a closing 
wedge osteotomy of the proximal phalanx or a shortening of 
the distal first metatarsal. More extensive surgery ought to be 
delayed until the end of the career as a professional athlete.

Fifth, if symptomatic hallux valgus or rigidus develop at 
an young age, a professional career should be discouraged.
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Sesamoid and Capsule Lesions 
of the First Metatarsophalangeal Joint

Andrew R. Hsu and Robert B. Anderson

Abstract

Turf toe is a hyperextension injury to the hallux metatarsophalangeal (MTP) joint that com-
monly occurs during athletics when an axial load is delivered to the heel with the ankle in 
plantarflexion and the hallux in dorsiflexion or extension. Hyperextension at the hallux 
MTP joint can lead to tearing and/or attenuation of the plantar capsuloligamentous struc-
tures, which in turn may lead to joint instability, pain, and decreased function. The inci-
dence of turf toe has risen over the past four decades as awareness of the injury has grown 
along with advances in surgical management and rehabilitation. A thorough history and 
clinical exam focusing on hallux MTP stability and flexion strength is critical to ensure a 
timely diagnosis. Proximal migration of the sesamoids should be carefully examined on 
standard radiographs, dynamic stress views, and MRI. Management of turf toe injuries 
depends on the grade of the injury, with surgical intervention recommended in cases of 
complete disruption of the plantar structures with persistent joint instability and pain despite 
non-operative treatments. Direct repair of the plantar capsuloligamentous complex can be 
successfully achieved using a two-incision approach (medial and plantar). Post-operative 
rehabilitation is critical to final outcome and return to athletics is permitted 3–4 months 
after surgery depending on sport and position played.

Keywords

Plantar plate • Turf toe • Instability • Sesamoid complex • Hallux • Reconstruction • 
Rehabilitation

 Introduction

Injuries to the sesamoid complex and capsule of the first 
metatarsophalangeal (MTP) joint, commonly known as turf 
toe, were first described in 1976 among American football 
players [1]. Turf toe typically occurs as a result of a hyperex-
tension force to the hallux MTP joint that injures the plantar 
plate structures. These injuries can be debilitating to athletes 

as the first ray is pivotal during jumping, running, and cutting 
maneuvers [2]. Over the past four decades, these injuries 
have received increasing attention and research as awareness 
and identification have risen along with the prevalence of 
synthetic playing surfaces and lighter, more flexible shoes 
among athletes [3–9]. With correct and timely diagnosis and 
treatment combined with sport-specific rehabilitation, ath-
letes can recover from turf toe injuries and return to play at 
their pre-injury level of competition. The purpose of this 
review is to discuss the anatomy, etiology, work-up, treat-
ment, and rehabilitation of turf toe injuries with a focus on 
evidence from the literature to guide clinical 
decision-making.
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 Anatomy

The hallux MTP joint is stabilized by osseous and soft-tis-
sue structures such as the short flexor complex, ligaments, 
and capsule that limit the amount of plantarflexion and dor-
siflexion to prevent injury (Fig. 37.1). The primary osseous 
stabilizer is the articulation between the metatarsal and 
proximal phalanx, but there is little inherent bony stability 
as the proximal phalanx has a shallow cavity in which the 
hallux metatarsal head articulates. Dynamic tendon 
restraints include the flexor hallucis brevis (FHB) that con-
tains the tibial and fibular sesamoids, abductor hallucis 
(medially), and adductor hallucis (laterally). The FHB ten-
don inserts on the proximal phalanx and is in confluence 
with the plantar plate. The sesamoids contained within the 
FHB function to directly increase the lever arm of the FHB 
and indirectly increase the lever arm of the flexor hallucis 
longus (FHL) to mechanically increase flexion and push-off 
strength at the MTP joint [10].

Ligamentous support comes from the intermetatarsal lig-
ament and fan-shaped medial and lateral collateral ligaments 
that provide valgus and varus stability, respectively. The 
plantar plate is composed of the thickened joint capsule that 
travels from the weaker metatarsal head attachment to the 
stronger proximal phalanx attachment. The plantar plate also 
attaches to the transverse head of the abductor hallucis, 
flexor tendon sheath, and deep transverse intermetatarsal 
ligament. During normal gait mechanics, the capsule liga-
mentous complex of the hallux MTP joint supports 40–60 % 

of body weight [11]. This force can increase to 2–3 times 
body weight during athletic activity and reach as high as eight 
times body weight during high-impact activities [11, 12].

 Etiology

Turf toe injuries are more prevalent in contact athletic sports 
played on rigid surfaces such as American football. The most 
common mechanism of injury is hyperextension of the hal-
lux MTP joint as an axial load is applied to the heel with the 
ankle in plantarflexion and the hallux in dorsiflexion or 
extension [13]. The forefoot is engaged in the field surface, 
and this combination of force and joint positioning in hyper-
extension leads to attenuation or tearing of the plantar cap-
sule ligamentous complex, most often off of the proximal 
phalanx. A spectrum of injuries can result, ranging from a 
sprain of the plantar plate to complete disruption of the plan-
tar structures with joint dislocation. In a cadaveric study of 
first MTP joint sprains, Frimenko et al. found that there was 
a 50 % risk of plantar plate injury at 78° of hallux dorsiflex-
ion from anatomical zero [6].

Osteochondral lesions (OCDs) of the MTP joint and sub-
chondral edema of the metatarsal head may occur concur-
rently as the proximal phalanx impacts or shears across the 
metatarsal head articular surface [14]. Additional injuries 
may include sesamoid fractures and stress fractures of the 
proximal phalanx. A traumatic hallux valgus deformity can 
result when a more medial (valgus) force is applied to the 
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Fig. 37.1 (a) Plantar and (b). lateral views of hallux metatarsopha-
langeal (MTP) joint anatomy including the bony, capsular, ligamen-
tous, and short flexor complex restraints (a and b reproduced with 

permission from Medscape Drugs & Diseases (http://emedicine.
medscape.com/), 2014, available at: http://emedicine.medscape.com/
article/1236962-overview)
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hallux MTP joint during hyperextension. In this scenario, 
more force is directed across the medial and plantar-medial 
ligamentous structures and the tibial sesamoid complex, thus 
causing contracture of the lateral sesamoid complex and 
adductor hallucis [15, 16].

 Work-Up

Common symptoms after turf toe injury include pain, stiff-
ness, and swelling. However, physical exam findings can be 
variable with underlying pathology difficult to isolate given 
the numerous adjacent anatomic structures. A high index of 
suspicion should be held in any patient with persistent MTP 
joint pain and swelling after an acute injury. Defining char-
acteristics include a decreased ability to push-off at the hal-
lux MTP joint, increased hallux dorsiflexion compared with 
the contralateral unaffected side, and reduce agility in cut-
ting and pivoting maneuvers. On physical exam, patients will 
often have plantar swelling and ecchymosis at the hallux 
MTP joint with pain during active and passive range of 
motion. Varus and valgus stress should be applied to evaluate 
the collateral ligaments and active flexion and extension can 
be used to assess the extensor and flexor tendons and plantar 
plate. Localizing pain proximal to the sesamoids suggests a 
strain of the FHB musculocutaneous junction rather than an 
unstable turf toe injury [17]. In unstable turf toe, pain is typi-
cally localized distal to the sesamoids and exacerbated with 
hallux hyperextension with a vertical (dorsal-plantar) 
Lachman test showing increased laxity compared with the 
contralateral side. Evaluation of gait mechanics will often 

show a shortened time spend after heel rise to reduce the 
amount of hallux dorsiflexion.

Initial imaging should include standard weight-bearing 
anteroposterior (AP), oblique, and lateral radiographs of the 
foot to evaluate the sesamoid-to-joint distance, proximal 
migration of the sesamoids, and presence of sesamoid frac-
ture (Fig. 37.2). Additional views can be obtained to further 
delineate the extent of injury including sesamoid axial views 
and forced dorsiflexion views under live fluoroscopy. A 
small fleck of bone pulled off of the proximal phalanx or 
distal sesamoid may indicate a capsular avulsion of disrup-
tion [17]. In cases of subtle xray findings it can be helpful to 
obtain standing radiographs of the contralateral limb to com-
pare side-to-side sesamoid-to-joint distances.

Patients with Grade III injury will have proximal migra-
tion of one or both sesamoids. The sesamoids will not track 
distally with hallux dorsiflexion and remain beneath the 
metatarsal head during all radiographs. This finding can be 
highlighted with a stress dorsiflexion lateral radiograph and/
or comparison to the contralateral uninjured side. 
Fluoroscopic imaging has also been found to be very helpful 
as a diagnostic tool, and educational to the patient as well. 
Magnetic resonance imaging (MRI) can be obtained in 
cases of persistent pain, swelling, and decreased hallux 
push-off in the setting of normal appearing radiographs 
[18]. T2-weighted MRI cuts will often show disruption of 
the capsule ligamentous complex distal to the sesamoids 
and can also help rule out stress fractures of the proximal 
phalanx (Fig. 37.3). MRI can also help delineate any con-
current pathology affecting the FHL tendon and articular 
surfaces.

a b c

Fig. 37.2 (a) Standing anteroposterior (AP) radiograph of bilateral 
feet showing proximal sesamoid retraction on the injured left foot com-
pared with normal sesamoid position on the right foot. Lateral dynamic 
fluoroscopic image of sesamoids under the metatarsal head at (b) rest 

and (c) after forced hallux MTP dorsiflexion showing lack of distal 
tracking of the sesamoids associated with rupture of the capsule liga-
mentous complex
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 Classification

Diagnosis of turf toe injury is often correlated with a hyper-
extension mechanism of injury to the hallux MTP joint and 
the type of athletic shoe and surface played on at time of 
injury. Grade I injury is a sprain or attenuation of the plantar 
capsule ligamentous complex of the hallux MTP joint [17]. 
Patients typically have localized swelling and minimal 
ecchymosis on exam. Treatment is symptomatic and patients 
are typically able to return to play as tolerated. Grade II 
injury is a partial rupture of the plantar soft tissues of the 
MTP joint with moderate swelling and restricted motion due 
to pain [17]. Patients typically require 2–3 weeks to recover 
after a period of immobilization in a controlled ankle motion 
(CAM) boot as needed. Patients have also require taping of 
the hallux MTP joint upon return to athletic activity. Grade 
III injury is a complete rupture of the plantar plate structures 
of the hallux MTP joint with significant swelling and ecchy-
mosis along with hallux flexion weakness and frank instabil-
ity of the joint. Treatment consists of long-term (10–16 
weeks depending on sport and position played) immobiliza-
tion in a CAM boot or short-leg cast versus surgical recon-
struction [17].

 Non-operative Treatment

Non-operative treatment for all grades of turf toe injury 
begins with rest, ice, compression, elevation (RICE), and 
non-steroidal anti-inflammatories (NSAIDs) to reduce pain 
and swelling. Immobilization is achieved with a combination 
of taping, toe spica extension, stiff-sole shoes, and/or CAM 
boot. Conservative treatment is indicated in the majority if 
Grade I–III injuries with early symptomatic care with icing 

and rest initiated first. Taping of the hallux MTP joint in plan-
tarflexion can protect the joint from hyperextension while 
opposing the injured plantar soft tissue structures. However, 
taping is not indicated in the acute setting as it can worsen 
swelling and compromise local circulation to the hallux. 
Stiff-sole shoes or CAM boots help limit hallux MTP motion 
with more severe injuries warranting a short-leg cast for 2–6 
weeks. Once swelling and pain had decreased, progressive, 
controlled motion with physical therapy is started with grad-
ual incremental progression back to athletic activity.

For Grade I injuries, patients are allowed to return to ath-
letic competition as tolerated with minimal loss of playing 
time. Taping is performed routinely during the recovery pro-
cess to limit motion and provide compression in combination 
with a stiff-sole sole with a turf toe plate insert or custom 
orthotic with a Morton’s extension to limit hallux motion 
[17]. Passive plantarflexion of the injured hallux can begin 
3–5 days after injury to decrease sesamoid adhesions while 
protecting injured tissues [19]. Patients must be followed 
closely as deformity can develop during rehabilitation as 
impact levels are increased. Grade II injuries typically result 
in a loss of 2–3 weeks playing time owing to partial rupture 
of the capsule ligamentous complex. Similar to Grade I inju-
ries, focus is on early gentle range of motion exercises with 
hallux protection with immobilization. Activities are pro-
gressed as tolerated with routine taping and shoewear modi-
fications upon return to full activity. Grade III injuries are 
complete ruptures of the plantar plate structures of the hallux 
MTP joint requiring long-term immobilization for up to 
10–16 weeks [17]. The hallux MTP joint should have at least 
50–60° of painless passive dorsiflexion before high-impact 
activities are initiated [19]. Patients may require up to 6–8 
months of rehabilitation before returning to athletics without 
symptoms.

a b
Fig. 37.3 (a) T2-weighted 
sagittal short-tau inversion 
recovery (STIR) and (b) axial 
fat-saturated MRI cuts of the 
hallux showing edema and 
disruption of the capsule 
ligamentous complex distal to the 
medial sesamoid (shown by red 
arrows)

A.R. Hsu and R.B. Anderson



359

 Surgical Treatment

Surgical repair of turf toe is reserved for Grade III injuries 
that fail conservative treatment or cases that involve one or a 
combination of the following: (1)- large capsular avulsion 
with unstable MTP joint, (2)- diastasis of bipartite sesamoid, 
(3)- diastasis of sesamoid fracture, (4)- retraction of sesa-
moid, (5)- traumatic hallux valgus deformity, (6)- vertical 
instability (positive Lachman test), (7)- loose body in MTP 
joint, or (8)- chondral injury in MTP joint [20]. Elite athletes 
may often undergo initial treatment with surgical repair in 
the presence of severe Grade III injuries in an effort to 
decrease rehabilitation times and return to play faster. The 
goal of surgery is to restore the normal anatomy of the hallux 
MTP joint along with stability during full range of motion.

A variety of techniques have been described to repair the 
plantar capsule ligamentous complex including a medial 
approach with J-shaped incision extending across the plantar 
crease of the hallux MTP joint, medial approach alone, and 
combined medial and plantar approach [5, 21, 22]. It is our 
current preference to use a combined medial and plantar 
approach through two separate incisions. We believe this 
technique helps decrease wound-healing complications, in 
particular skin edge necrosis, reduce iatrogenic injury to the 
plantar cutaneous nerves, and improve medial and lateral 
exposure of the plantar plate.

Patients are placed in a supine position using general or 
regional anesthesia with an ankle tourniquet in place to control 
bleeding. Under anesthesia, the cock-up deformity of the hal-
lux MTP joint is tested by dorsiflexing the joint determine the 
clinical degree of joint instability and lack of plantar restraint. 
The degree of proximal sesamoid migration can be examined 
on a lateral view of the hallux MTP joint under dynamic fluo-
roscopy. A medial approach is made using a longitudinal inci-
sion just plantar to midline extending from the metatarsal neck 
to the flexion crease at the base of the hallux (Fig. 37.4). The 
skin and subcutaneous incision is carried down to the capsule 
and then the capsule is carefully taken off of bone in the inter-
val plantar to the metatarsal head and dorsal to the medial 
sesamoid. The capsulotomy extends from the metatarsal neck 
to the mid-phalanx to provide complete visualization of the 
sesamoid complex. Using dissection scissors, the sesamoid 
complex and capsule are identified along with the plantar plate 
tear. Attenuated tissue, a partial tear, or complete tear distal to 
the sesamoids warrants an open reconstruction. Care must be 
taken to dissect and identify the plantar medial cutaneous 
nerve along the inferior aspect of the incision.

The collateral ligaments are often torn away from the 
metatarsal head during the initial dissection and the plantar 
plate tear is distal to the sesamoid complex. With proper dis-
section the plantar plate torn ends should be visualized along 

with the FHL tendon distally. Redundant capsule is excised 
and there is typically a stump of plantar plate tissue remain-
ing on the base of the proximal phalanx for subsequent 
repair. A small rongeur is used to remove a small amount of 
bone from the medial aspect of the metatarsal head to create 
a bleeding bony surface for ligament-to-bone healing. A 
freer can be placed into the lateral aspect of the sesamoid 
complex to see where it extends along the plantar aspect of 
foot as this will be where the plantar incision is centered.

If a traumatic hallux valgus is present with primarily 
medial soft tissue injury, a percutaneous adductor tenotomy 
is required to balance the hallux MTP joint along with a 
medial eminence resection as needed to obtain a capsulode-
sis [17]. The metatarsal head is inspected for the presence of 
OCD lesions and the FHL is examined for any tears. If one 
of the sesamoids is fractured or fragmented, one pole of the 
sesamoid should be preserved as a smaller distal pole is ame-
nable to excision. A small drill hole in the larger proximal 
pole may permit soft tissue repair to the sesamoid bone. If 
complete sesamoidectomy is necessary, the abductor hallu-
cis tendon should be transferred into the soft tissue defect of 
the excised sesamoid to allow the abductor to function as a 
plantar restraint [17]. In this scenario we would also recom-
mend that an adductor tenotomy be performed.

A plantar incision is then made along the lateral border of 
hallux MTP-sesamoid complex just lateral to the weight- 
bearing surface of the hallux to decrease wound-healing com-
plications (Fig. 37.5). A knife is used for skin incision 
followed by dissection scissors to spread down to fascia and 
dissect out the plantar lateral cutaneous nerve and its associ-
ated branches. It is important to have direct access to the plan-
tar aspect and sesamoid complex while retracting the nerves 
laterally under a self-retaining retractor to prevent injury. If 
sufficient healthy tissue exists to perform a primary repair, 
three 2-0 non-absorbable sutures (Fiberwire, Arthrex Inc., 
Naples, FL) are placed in a figure-of-eight fashion through 
the plantar capsule with sutures starting lateral to medial to 
reduce injury to the nerve. Small needles are needed due to 
the small size of the operative field along with loop magnifi-
cation for surgeon visualization of key neurovascular struc-
tures. Each pair of sutures are tagged and clamped separately 
for later identification. A 2-0 Vicryl suture is used to approxi-
mate the deep edges of the plantar plate.

A series of two to three 2-0 non-absorbable sutures in a 
figure-of-eight fashion are placed in the medial aspect of the 
sesamoid complex through the previously used medial 
approach (Fig. 37.6). Sutures are placed in both distal and 
proximal aspects of the plantar plate. Each pair of sutures are 
tagged and clamped separately for later identification. 
Sutures are left out of the MTP joint as they can potentially 
cause an inflammatory joint reaction and post-operative 
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synovitis. Sutures are placed inferiorly away from the nerve 
with the goal of achieving a primary repair to the base of the 
proximal phalanx. If the tear cannot be primarily repaired 
due to inadequate healthy tissue a plantar plate advancement 
can be performed directly onto the base of the proximal pha-
lanx using drill holes or suture anchors. If suture anchors are 
used they should be placed plantarly and confirmed fluoro-
scopically in order to avoid any supination deformity as the 
plantar complex is advanced distally.

The medial capsule is approximated and advanced using 
2-0 Vicryl suture and this same suture can be used to repair 
any disruptions in the abductor hallucis tendon. After com-
pletion of suture placement medially, attention is then 
turned back to the plantar wound. The tagged pairs of 
sutures plantarly are sequentially tied with the hallux plan-
tarflexed 10–15° followed by tying of the tagged pairs of 
sutures medially. 2-0 Vicryl sutures can be added to rein-
force the medial repair as needed. After final repair the 

a

d e f

b c

Fig. 37.4 (a) During turf toe open surgical reconstruction, a medial 
incision is first made using a longitudinal incision just plantar to mid-
line extending from the metatarsal neck to the flexion crease at the base 
of the hallux. (b) A capsulotomy is performed extending from the meta-
tarsal neck to the mid-phalanx to provide complete visualization of the 
sesamoid complex (red arrow indicates plantar plate rupture distal to 

medial sesamoid). (c) Remaining collateral ligaments are dissected off 
the metatarsal head and (d) a rongeur is used to remove a small amount 
of bone from the medial aspect of the metatarsal head to create a bleed-
ing bony surface for ligament-to-bone healing. (e) Remaining plantar 
plate tissue is taken off of the proximal phalanx with (f) resultant visu-
alization of the FHL tendon (red arrow)
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a b c

Fig. 37.5 (a) A plantar incision is then made along the lateral border of 
hallux MTP-sesamoid complex just lateral to the weight-bearing sur-
face of the hallux and the branches of the plantar lateral cutaneous 
nerve are carefully dissected (red arrow). (b) The nerve is gently 
retracted laterally to get down to the plantar aspect of the sesamoid 

complex (red arrow). (c) Three 2-0 non-absorbable sutures (blue) are 
placed in a figure-of-eight fashion through the plantar capsule with 
sutures starting lateral to medial to reduce injury to the nerve. A 2-0 
Vicryl suture (white) is used to approximate the deep edges of the plan-
tar plate

a b c d

Fig. 37.6 (a) A series of two to three 2-0 non-absorbable sutures in a 
figure-of-eight fashion are placed in the medial aspect of the sesamoid 
complex through the previously used medial approach. Sutures are 
placed in both distal and proximal aspects of the plantar plate. (b) After 
completion of suture placement medially, attention is then turned back 

to the plantar wound and sutures are sequentially tied with the hallux 
plantarflexed 10–15° followed by tying of the tagged pairs of sutures 
medially. (c) After final repair the hallux should be aligned straight and 
slightly plantarflexed with maintenance of alignment (d) after complete 
skin closure
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 hallux should be aligned straight and slightly plantarflexed. 
The soft-tissue fixation can be tested by gently shucking 
the toe and dorsiflexing it to test tension. Intraoperative 
radiographs should demonstrate the anatomic location of 
the sesamoids relative to the MTP joint more distal then 
before surgery (Fig. 37.7). Gentle dynamic fluoroscopy can 
used to assess joint stability throughout a range of motion 
and to visualize movement of the sesamoids with hallux 
dorsiflexion.

During closure, the plantar medial and lateral cutaneous 
nerves are checked to make certain they are intact and not 
under tension. 3-0 nylon sutures are used to close medial and 
plantar skin incisions followed by local anesthetic injection 
(10 cc combination of 5 cc 1 % lidocaine and 5 cc 0.5 % 
bupivicaine) into both wounds. Incision are dressed with a 
petrolatum dressing, gauze, and a 3-piece plaster hallux 
spica splint to immobilize the hallux MTP joint in 5–10° 
plantarflexion (Fig. 37.8). The spica splint is overwrapped in 

a b

Fig. 37.7 (a) Intraoperative AP and (b) lateral radiographs after surgical repair should demonstrate anatomic reduction of the sesamoids relative 
to the MTP joint and location more distal then before surgery

a b

Fig. 37.8 (a) Incision are 
dressed with a petrolatum 
dressing, gauze, and a 3-piece 
plaster hallux spica splint to 
immobilize the hallux MTP joint 
in 5–10° plantarflexion. (b) The 
spica splint is overwrapped in 
cast padding and covered with a 
soft bandage and reinforced with 
silk tape
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cast padding and covered with a soft bandage and reinforced 
with silk tape.

Complications of surgery include iatrogenic injury to the 
plantar medial and/or lateral cutaneous nerves during dissec-
tion and wound-healing complications. Superficial and deep 
infections are rare complications that can be decreased by 
strict non-weight bearing precautions for 4 weeks after sur-
gery. Late sequela of turf toe injury includes decreased ath-
letic performance, degenerative arthritis, decreased range of 
motion, and hallux valgus deformity [20, 23].

 Rehabilitation

After surgery, there is a delicate balance between incision 
protection and early range of motion to reduce arthrofibro-
sis between the capsule and the MTP sesamoid complex 
that must be directed by the surgeon working together with 
physical therapist and/or trainer. An important aspect of 
recovery is setting appropriate and realistic player expecta-
tions regarding return to play. Patients are non-weight bear-
ing in a CAM boot for 4 weeks with the hallux MTP joint 
in plantarflexion. We typically begin passive range of 
motion exercises by 5–7 days after surgery depending on 
patient compliance and wound healing status. Passive plan-
tar flexion is initiated as soon as the incision is completely 
healed with transition to active range of motion by 4 weeks. 
Pool therapy can at this time with gentle weight bearing 
and gait exercises. Patients are moved into an accommoda-
tive shoe with orthotic or turf toe plate at 8 weeks with a 
return to running activity at 12 weeks. Return to contact 
sports is permitted at 3–4 months after surgery and contact 
athletes may require up to 6–12 months for full recovery. 
Prevention of recurrent injury focuses on taping and shoe-
wear modifications as needed to reduce hallux MTP 
dorsiflexion.

 Evidence

There is limited evidence in the literature regarding out-
comes following turf toe management with studies consist-
ing of retrospective case series (Level IV). Coker et al. 
reported 18 injuries of the first MTP joint complex that 
resulted in 92 missed practices and 7 missed games during 
the course of 3 football seasons [24]. Nine athletes had turf 
toe injuries resulting in long-term joint pain and stiffness 
with athletic activity. Clanton et al. reported on a series of 20 
athletes with turf toe injuries and found that 50 % of patients 
had persistent hallux MTP pain and stiffness at 5 year fol-
low- up [25]. In a survey of 80 active National Football 
League (NFL) players, Rodeo et al. reported that 36 players 
(45 %) indicated that they had suffered a turf toe injury 

during their professional career with the majority of injuries 
(83 %) occurring on artificial turf [3].

Anderson reported on the outcomes of 19 elite athletes with 
Grade III turf toe injuries and found that 9 required surgical 
repair and all but 2 returned to full athletic activity with resto-
ration of joint stability without surgical complications [21]. 
Brophy et al. investigated the relationship between turf toe and 
plantar foot pressures and found that turf toe was associated 
with significantly decreased MTP motion (7.8° less motion 
with turf toe) and increased hallucal pressures (121 kPa higher 
in turf toe) in a group of 44 National Football League (NFL) 
players [4]. In a cadaveric model of plantar plate injury, 
Waldrop et al. found that an increase of 3 mm in the distance 
from the sesamoids to the proximal phalanx was significant 
and predictive of a severe plantar plate injury to at least three 
of the four ligaments of the plantar plate complex [8].

Recently, an analysis of the NCAA’s Injury Surveillance 
System (ISS) for five football seasons (2004–2009) showed 
the overall incidence of turf toe injuries in football players to 
be 0.062 per 1000 athlete-exposures [7]. Athletes were 
nearly 14 times more likely to sustain a turf toe injury during 
games compared with practice with an average of 10.1 days 
of athletics lost to injury. Fewer than 2 % of injuries required 
operative intervention according to the authors.

 Summary

 1. The evaluation and treatment of injuries to the first MTP 
capsule ligamentous complex (turf toe) are improving as 
these injuries are becoming better recognized and 
diagnosed.

 2. The most common mechanism of injury is hyperexten-
sion of the hallux MTP joint as an axial load is applied to 
the heel with the foot in an fixed equinus position.

 3. Grade I injury is a sprain or attenuation of the plantar cap-
sule ligamentous complex of the hallux MTP joint, Grade 
II injury is a partial rupture of the plantar soft tissues, and 
Grade III injury is a complete rupture of the plantar plate 
structures with significant swelling, hallux flexion weak-
ness, and frank joint instability.

 4. Non-operative treatment for all grades of turf toe injury 
begins with rest, ice, compression, elevation (RICE), and 
non-steroidal anti-inflammatories (NSAIDs) to reduce 
pain and swelling.

 5. Surgical repair of turf toe is reserved for Grade III injuries 
that fail conservative treatment or cases that involve one 
or a combination of the following: large capsular avulsion 
with unstable MTP joint, diastasis of bipartite sesamoid, 
diastasis of sesamoid fracture, retraction of sesamoid, 
traumatic hallux valgus deformity, vertical instability 
(positive Lachman test), loose body in MTP joint, or 
chondral injury in MTP joint.

37 Sesamoid and Capsule Lesions of the First Metatarsophalangeal Joint



364

 6. With correct and timely diagnosis and treatment com-
bined with sport-specific rehabilitation, athletes can 
recover from turf toe injuries and return to play at their 
pre-injury level of competition.

No part of this study has been submitted or duplicated else-
where prior. This study has been read and approved by all 
authors and each author believes that the manuscript is valid 
and represents honest work. No research or industry funds 
were received in relation to the research or publication of this 
study.

Relevant Disclosures Outside of the Current Study Dr. 
Hsu has no disclosures; Dr. Anderson receives royalties from 
Arthrex, Inc., DJ Orthopaedics, and Wright Medical 
Technology, Inc. and is a paid consultant for Amniox, Wright 
Medical Technology, Inc., and Arthrex, Inc.

References

 1. Bowers Jr KD, Martin RB. Turf-toe: a shoe-surface related football 
injury. Med Sci Sports. 1976;8(2):81–3.

 2. Frimenko RE, Lievers W, Coughlin MJ, Anderson RB, Crandall JR, 
Kent RW. Etiology and biomechanics of first metatarsophalangeal 
joint sprains (turf toe) in athletes. Crit Rev Biomed Eng. 2012;40(1): 
43–61.

 3. Rodeo SA, O’Brien S, Warren RF, Barnes R, Wickiewicz TL, 
Dillingham MF. Turf-toe: an analysis of metatarsophalangeal 
joint sprains in professional football players. Am J Sports Med. 
1990;18(3):280–5.

 4. Brophy RH, Gamradt SC, Ellis SJ, Barnes RP, Rodeo SA, Warren 
RF, et al. Effect of turf toe on foot contact pressures in professional 
American football players. Foot Ankle Int. 2009;30(5):405–9.

 5. Doty JF, Coughlin MJ. Turf toe repair: a technical note. Foot Ankle 
Spec. 2013;6(6):452–6.

 6. Frimenko RE, Lievers WB, Riley PO, Park JS, Hogan MV, 
Crandall JR, et al. Development of an injury risk function for 
first metatarsophalangeal joint sprains. Med Sci Sports Exerc. 
2013;45(11):2144–50.

 7. George E, Harris AH, Dragoo JL, Hunt KJ. Incidence and risk fac-
tors for turf toe injuries in intercollegiate football: data from the 

national collegiate athletic association injury surveillance system. 
Foot Ankle Int. 2014;35(2):108–15.

 8. Waldrop 3rd NE, Zirker CA, Wijdicks CA, Laprade RF, Clanton 
TO. Radiographic evaluation of plantar plate injury: an in vitro bio-
mechanical study. Foot Ankle Int. 2013;34(3):403–8.

 9. Meyers MC, Barnhill BS. Incidence, causes, and severity of high 
school football injuries on FieldTurf versus natural grass: a 5-year 
prospective study. Am J Sports Med. 2004;32(7):1626–38.

 10. Aper RL, Saltzman CL, Brown TD. The effect of hallux sesamoid 
excision on the flexor hallucis longus moment arm. Clin Orthop 
Relat Res. 1996;325:209–17.

 11. Stokes IA, Hutton WC, Stott JR, Lowe LW. Forces under the hallux 
valgus foot before and after surgery. Clin Orthop Relat Res. 
1979;142:64–72.

 12. Stokes IA, Hutton WC, Stott JR. Forces acting on the metatarsals 
during normal walking. J Anat. 1979;129(Pt 3):579–90.

 13. Mullen JE, O’Malley MJ. Sprains – residual instability of subtalar, 
Lisfranc joints, and turf toe. Clin Sports Med. 2004;23(1):97–121.

 14. Nihal A, Trepman E, Nag D. First ray disorders in athletes. Sports 
Med Arthrosc. 2009;17(3):160–6.

 15. Douglas DP, Davidson DM, Robinson JE, Bedi DG. Rupture of the 
medial collateral ligament of the first metatarsophalangeal joint in a 
professional soccer player. J Foot Ankle Surg. 1997;36(5):388–90.

 16. Fabeck LG, Zekhnini C, Farrokh D, Descamps PY, Delince 
PE. Traumatic hallux valgus following rupture of the medial col-
lateral ligament of the first metatarsophalangeal joint: a case report. 
J Foot Ankle Surg. 2002;41(2):125–8.

 17. Anderson RB, Shawen SB. Great-toe disorders. In: Porter DA, 
Schon LC, editors. Baxter’s the foot and ankle in sport. Philadelphia: 
Elsevier Health Sciences; 2007. p. 411–33.

 18. Crain JM, Phancao JP, Stidham K. MR imaging of turf toe. Magn 
Reson Imaging Clin N Am. 2008;16(1):93–103.

 19. McCormick JJ, Anderson RB. Rehabilitation following turf toe 
injury and plantar plate repair. Clin Sports Med. 2010;29(2):313–23.

 20. McCormick JJ, Anderson RB. The great toe: failed turf toe, chronic 
turf toe, and complicated sesamoid injuries. Foot Ankle Clin. 
2009;14(2):135–50.

 21. Anderson RB. Turf toe injuries of the hallux metatarsophalangeal 
joint. Tech Foot Ankle Surg. 2002;1(2):102–11.

 22. McCormick JJ, Anderson RB. Turf toe: anatomy, diagnosis, and 
treatment. Sports Health. 2010;2(6):487–94.

 23. Coughlin MJ, Kemp TJ, Hirose CB. Turf toe: soft tissue and osteo-
cartilaginous injury to the first metatarsophalangeal joint. Phys 
Sportsmed. 2010;38(1):91–100.

 24. Coker TP, Arnold JA, Weber DL. Traumatic lesions of the metatar-
sophalangeal joint of the great toe in athletes. Am J Sports Med. 
1978;6(6):326–34.

 25. Clanton TO, Butler JE, Eggert A. Injuries to the metatarsophalan-
geal joints in athletes. Foot Ankle. 1986;7(3):162–76.

A.R. Hsu and R.B. Anderson



365© Springer International Publishing Switzerland 2016
V. Valderrabano, M. Easley (eds.), Foot and Ankle Sports Orthopaedics, DOI 10.1007/978-3-319-15735-1_38

Metatarsophalangeal Problems II-V

Erik C. Nilssen and William K. Whiteside

Abstract

Metatarsalphalangeal (MTP) joint disorders involving the 2nd through 5th toes are not the 
most common injury of the ankle and foot in athletes but can be problematic if not recog-
nized. A good history and physical examination along with weight bearing radiographs of 
the affected foot can identify most of these disorders. Generalized synovitis of the forefoot 
can occur with overuse and can result in plantar plate instability. Plantar plate injuries can 
be difficult to treat but surgical options do exist and continue to evolve. Freiberg disease can 
be likened to avascular necrosis of the hip, and should be considered specifically in the 
athlete with pain localized over the second MTP joint. Bunionettes typically respond well 
to conservative treatment in the athlete with over the counter pads and callus care; however, 
surgical options are well described based on the type with good outcomes.
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 Introduction

In any sport, repetitive activities often lead to excessive stress 
on joints, bones and soft tissues alike in the forefoot of the 
athlete. In the metatarsals (MTs), the most recognizable con-
dition that athletes are susceptible to are stress fractures but 
other entities includes plantar plate disruption with instabil-
ity, synovitis, Freiberg disease, and bunionettes. All together, 
metatarsalgia is not that common in the healthy, young ath-
letic population and when suspected one should think of 
Freiberg disease or metatarsalphalangeal (MTP) joint insta-
bility [1–4].

 Etiology and Pathomechanism

Occasionally acute traumatic events can lead to disorders of 
the metatarsals 2–5, but they are more commonly from 
chronic overuse. The second ray is most commonly involved 
due to its position next to the hallux and that it is typically the 
longest metatarsal. This can lead to pressure transfer and 
overload in the lesser MTs or to increase in local pressure 
beneath the MT head respectively. The repeat stresses on this 
joint can lead to synovitis which can cause attenuation of the 
plantar plate and associated collateral ligaments. This results 
in MTP joint instability and deformity in the form of a cross 
over toe or frank dislocation over time [1, 2, 5].

Freiberg disease is a specific condition of the lesser meta-
tarsal head most commonly involving the second metatarsal 
(Fig. 38.1). This disease usually is seen in adolescent 
females. The exact etiology is unknown but osteonecrosis of 
the subchondral bone leads to joint collapse and degenera-
tive changes similar to avascular necrosis in the femoral 
head. It is thought that increased pressure on the metatarsal 
head possibly results in vascular disruption [6].
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A bunionette is similar to hallux valgus but involves the 
fifth metatarsal instead. Medial based pressure on the fifth 
metatarsal or hallux valgus indirectly can lead to this condi-
tion. Anatomically, an enlarged lateral condyle of the fifth 
metatarsal or a widened 4–5 intermetatarsal angle can result 
in symptomatic protrusion of the joint [7].

 Symptoms

Patients describe symptoms ranging from pain to a sense of 
fullness in the MTP joints. Typically the symptoms are exac-
erbated by the sport and activities that cause extreme motions 
in the forefoot such as sprinting or the demi-pointe position 
in dancers. They also may notice deformity of the toes in the 
form of swelling, or a change in position of the toe over time 
as in cross over toes due to instability. Callosities may occur 
dorsally, plantarly, or laterally as in bunionettes. The clini-
cian must remember that Freiberg disease can be symptom-
atic for as long as 6 months before it appears on x-ray and 
should be considered in the young athlete with forefoot pain.

 Diagnostics, Classification

A thorough physical exam of the forefoot is essential to eval-
uate the metatarsals and metatarsal joints specifically. 
Inspection should be done in the weight bearing as well as 
seated position with a focus on the position of each of the 
joints of the toes and noting any deformity of the hallux is 

essential to a diagnosis. Several disorders in the MTP joints 
are the result of hallux valgus or rigidus which can lead to 
overload of the lesser toes especially the second toe. In 
plantar plate disruption, initially the toes deviates medially 
most commonly and with time dorsally, and will cross over 
the great toe with time. Palpation is performed next focusing 
on the location of pain whether it is over the joint rather than 
the webspaces which would more likely be a neuroma. In 
athletes, it is often difficult to localize the pain during the 
initial examination since the pain often occurs only during 
the sport. It is helpful to have the athlete go through the 
motions of the sport prior to physical exam to identify the 
exact location of their symptoms. During palpation, check 
range of motion and for callosities both dorsal and plantar 
which can be seen with overload; inspect for bony promi-
nences over the lateral condyles and specifically over the lat-
eral fifth MTP joint as in bunionettes. If after an acute injury, 
usually after extreme dorsiflexion positions of the forefoot, 
ecchymosis can be seen with plantar plate disruption. 
Synovitis is often accompanied by swelling of the MTP 
joints, mild erythema may be seen, and limited range of 
motion which can be evident in Freiberg disease as well. 
Nontraumatic synovitis may deserve a rheumatologic work 
up on a case by case basis. The tightness of the calf with the 
Silfverskiold test should be evaluated since this can lead to 
excessive pressure on the forefoot.

Thompson and Hamilton described the anterior drawer test 
which is a provocative maneuver that can be used to examine 
the stability of the MTP joint [8]. The examiner holds the head 
of the metatarsal between their index finger and thumb, and 
with the other hand grasps the base of the proximal phalanx 
and applies dorsally directed pressure checking the translation 
during this maneuver in comparison to the other toes as well as 
the reproduction of the patient’s painful symptoms. Doty and 
Coughlin described a clinical staging of MTP joint instability 
where Stage 0 has no malalignment; Stage 1 with mild 
malalignment, widened web space and medial deviation; 
Stage 2 with moderate malalginment, deformity in any plane, 
hyperextension; Stage 3 with severe malalignment, dorsal 
deformity; Stage 4 with severe malalignment, dislocation, and 
a fixed hammertoe [2]. On physical exam one will notice joint 
pain, and swelling in Stage 0 through 2, and decreasing toe 
purchase as demonstrated by the paper pull-out test where a 
strip of paper is positioned under the affected toe and the 
examiner asks the patient to resists pulling the paper from 
under the toe [2, 9, 10].

Imaging in the form of three weight bearing radiographs 
of the foot should be evaluated for forefoot disorders. A 
bunionette may be diagnosed radiographically (Fig. 38.2) 
as an enlarged fifth metatarsal head (Type I), as a bowing 
of the meataphysis (Type II), or as a widened 4–5 interm-
etarsal angle of more than 8° (Type III) [7]. Radiographs 
can also be evaluated for widening, narrowing, degenera-

Fig. 38.1 Freiberg disease in the second MT head of a 14 year old 
cross country runner. Figure from personal collection of author
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tion, or deviation of the MTP joints indicating synovitis, 
dislocation or subluxation, Freiberg disease, or collateral 
ligament/plantar plate injury respectively. An appreciation 
of the cascade of the metatarsals can also be determined 
on the standing AP of the foot looking at the lengths of the 
metatarsals and for any splaying of the rays.

Freiberg disease can be classified radiographically into 4 
types: Type I where there is localized osteonecrosis of the 
metatarsal head without articular cartilage defect; Type II 
where there is collapse of the head with osteophytes develop-
ment over the dorsal aspect of the MT head; Type III demon-
strates head collapse and articular cartilage destruction; Type 
IV involves multiple heads and a congenital epiphyseal dis-
order should be considered [6].

MRI can be helpful to confirm Frieberg disease or platar 
plate disruption [6, 11]. We believe that a 3 Tesla magnet is 
essential when looking at the plantar plate due to the intricate 
anatomy of the MTP joint.

 Therapy

The goals of nonsurgical treatment of metatarsal disorders 
include reduction of inflammation and pressure on the meta-
tarsals. This can be in the form of shoe wear selection of 
softer, flexible shoe uppers or modification of current shoes 
with stretching the toebox or the addition of a custom made 
orthotics with metatarsal pads, or bars. Taping of the affected 
toe to the neighboring toes can be utilized or single toe sling 
type taping to control instability (Fig. 38.3). A Budin splint 
can also be used for instability. Bunionettes may respond to 
an over the counter callus pad applied to the irritated area or 
by self paring of calluses over the hypertrophied area. 
Physical therapy with a focus on triceps surae stretching to 
lengthen muscles and decrease pressure on the forefoot can 
improve symptoms as well. Cross training with lower impact 
activities and a decrease in total mileage may be required. 
Short periods of rest in a cast with non weight bearing, or a 
walking boot can also be used depending on the severity at 
the time of presentation. Nonsteroidal anti-inflammatory 
drugs in oral, topical, or patch form can be used for symp-
tomatic treatment. Corticosteroid injections can be used for 
synovitis in particular but the clinician must keep in mind the 
risk of further attenuation of the capsular structures [10, 12]. 
If the athlete fails to respond to these modalities, then surgi-
cal options can be considered.

The surgical treatment of MTP instability is based on 
clinical assessment of the deformity. Mild deviation of the 
toe can be treated with capsular reefing with synovectomy. If 
the MTP joint is subluxed, capsular reefing and a flexor ten-
don transfer is often required. The flexor to extensor transfer 
or Girdlestone-Taylor procedure is described in the lesser toe 
section. If the deformity is completely dislocated or fixed, a 
Weil osteotomy is often required. For each of these proce-
dures, a dorsal longitudinal incision is made over the MTP 
joint, typically the EDL is Z-lengthening during this proce-
dure and the EDB is transected. A dorsal capsulotomy is per-
formed. If there is medial deviation of the toe, the medial 
capsule and collaterals are released completely and the 

Fig. 38.2 Type 1 bilateral bunionette deformities. Figure from per-
sonal collection of author

a b

Fig. 38.3 (a) Sling type taping 
for single toe MTP joint 
instability-A. doral view, (b) 
plantar view. Figure from 
personal collection of author
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 lateral capsule is reefed. Numerous techniques have been 
described for cross over toe due to plantar plate and collat-
eral ligament disruption with no clear consensus. One of the 
most common techniques if there is cross over component of 
the toe, due to plantar plate and collateral insufficiency 
hyperextension, or dorsal-plantar instability is an extensor 
digitorum longus (EDL) to extensor digitorum brevis (EDB) 
transfer for varus/valgus toe deformity as a result of plantar 
plate instability. This involves a similar approach as described 
above with capsultomy and release of the tight collateral and 
plantar plate. A drill hole is then created transversely from 
medial to lateral in the proximal phalanx in a medial deviated 
toe and the distal end of the EDL is passed through this drill 
hole and sutured to the EDB while the toe is held in a reduced 
position with a K-wire across the MTP joint. This procedure 
creates a checkrein on the lateral aspect of the MTP joint 
with the EDL tendon [3]. Patients are placed in a soft dress-
ing and allowed heel weight bearing. The K-wire is removed 
at 6 weeks and taping of the toe in a corrected position can be 
continued on an as needed basis.

Several implant companies have recently developed plan-
tar plate repair systems which involve anatomic unilateral or 
bilateral collateral and plantar plate repair through tension-
ing and advancement of the soft tissue structures with suture 
through bone tunnels in the proximal phalanx. Exposure of 
the MTP joint as described above and elevating the MTP 
head out of the wound with either Hohmanns or a McGlamry 
elevator for improved exposure of the plantar plate is neces-
sary for these procedures. Joint distraction devices are used 
for adequate exposure. Often a Weil osteotomy is performed 
to allow improved exposure of the plantar plate as well. The 
specific technique guides can be referenced for further infor-
mation on these surgical techniques.

A Weil osteotomy (Fig. 38.4) is a shortening osteotomy 
that can be used for an irreducible joint after soft tissue pro-
cedures or to reduce the local pressure that resulted in the 
condition with the goal of maintaining the normal cascade of 
the rays with the second ray near the same level as the first 
MT. If this is not performed a soft tissue procedure will often 
fail [13]. A longitudinal incision is made typically in the 
webspace if more than one metatarsal is involved. An inci-
sion directly over the MTP joint can also be used with single 
MTP joint involvement. A capsulotomy is performed and 
plantarflexion of the toe allows exposure of the metatarsal 
head. A hand held oscillating saw is used to create an oste-
otomy parallel to the weight bearing surface of the foot aim-
ing for the heel. The osteotomy begins at the dorsal aspect of 
the MT articular surface. The capital fragment is then dis-
placed proximally and fixed with screws. The overhanging 
bone is then trimmed with a rongeur. The capsule is then 
reefed as necessary and closed. If a Weil osteotomy is done, 
we recommend 6 weeks of heel weight bearing.

Synovitis typically responds to conservative measures. 
However, in the nonresponsive patient the affected MTP 

joint is explored through a dorsal incision with capsulotomy 
of the affected MTP joint with complete synovectomy. The 
collateral ligaments may need to be released, and EDB and 
EDL lengthening may be needed for reduction of a subluxed 
or dislocated joint. If the involved metatarsal is excessively 
long and plantar callus under the MTP head is present, a Weil 
osteotomy is performed for pressure relief as described 
above. Post operatively the patient is placed in a soft dressing 
in a walking boot for heel weight bearing for a minimum of 
2 weeks. Range of motion exercises are started at this point 
if only a soft tissue procedure was performed.

Freiberg disease can be treated with MTP joint synovec-
tomy and core decompression if minimal metatarsal head 
deformity is present. If cartilage loss is present, a dorsiflexion 
metatarsal neck osteotomy can be done to rotate native carti-
lage into the articulation and temporarily held with K-wires. 
If a significant portion of the metatarsal head is involved, 
metatarsal head resection as in a DuVries arthroplasty can 
be considered along with capsular or  flexor/extensor tendon 
interposition. The risks with these procedures include per-
manent instability and transfer lesions to the other toes espe-
cially in the competitive athlete. If a synovectomy alone 

Fig. 38.4 Weil osteotomy (With kind permission of Springer 
Science + Business Media: Arnold [13])
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was performed a soft dressing is applied in a walking boot 
to allow for heel weight bearing for a minimum of 2 weeks 
until the soft tissues heal. If bony work was done, a 6 week 
minimum of immobilization is required allowing heel weight 
bearing in a walking boot.

Bunionettes are typically treated based on their radio-
graphic stage. Type I bunionettes are treated with lateral par-
tial condylectomy to produce a smooth lateral border taking 
care to excise the inflamed bursa as well in the soft tissues. 
Type II bunionettes are treated with a distal chevron osteot-
omy typically as in hallux valgus surgery. This is done 
through a lateral approach with resection of the lateral emi-
nence as in Type I deformities. A distal based chevron oste-
otomy is performed, and can be fixed with K-wires or a 
single screw, and the capsule is tightly closed. The limits of 
this procedure are due to the small nature of the fifth metatar-
sal and risk of avascular necrosis of the metarsal head. Type 
III bunionettes are treated with a metatarsal shaft osteotomy. 
This osteotomy needs to be a long oblique cut that allows 
solid bony contact. The osteotomy should not be performed 
in the proximal disaphysis due to the tenuous blood supply 
of the proximal fifth metatarsal. As with hallux valgus sur-
gery, there is a risk of recurrence, incomplete pain relief, and 
painful scar. Post operatively for bunionette surgery, the 
patients are placed in a dorsal and plantar plaster sandwich 
for 6 weeks in which they can bear weight on their heel. At 
the 6 week mark, the K-wire is removed for Type II and III 
bunionettes.

The primary goal is pain relief in these surgeries, and cos-
mesis of limited concern. Recurrence and stiffness do occur 
and are the primary complications. It is important to remem-
ber that associated hallux valgus or rigidus if not addressed 
can lead to continued second toe malalignment. Transfer 
metatarsalgia to the other MTP joints can also occur if the 
second ray is excessively shortened or during bunionette cor-
rection if the metatarsal head is dorsally translated. Nonunion 
and malunion is also of concern with bony procedures in the 
forefoot but are usually rare.

 Rehabilitation and Back-to-Sport

Rehabilitation is typically instituted at the 2 week mark for 
soft tissue surgery as in synovitis and Frieberg infarction that 
only involves a synovectomy. This involves patient self 
manipulation of the involved toes after surgical wound heal-
ing. If a plantar plate repair is undertaken then 6 weeks of 
immobilization is required. This is similar for bunionette 
correction and Weil osteotomies where therapy is initiated 
after the K-wire is removed at the 6 week mark. Radiographic 
healing should be confirmed if osteotomies have been per-
formed as in bunionette surgery and Freiberg disease. 
Athletic activity is then increased in a graduated manner as 
swelling and pain diminish. It is important to remember, that 

surgical treatment in such a small area as the lesser metatar-
sals take time to heal and some element of stiffness and 
swelling can remain for a long period of time sometimes up 
to a year. This can be concerning to athletes; and preopera-
tive counseling is necessary so expectations of the surgeon 
and athlete align. In general, it takes an athlete 3–6 months to 
return to sport without restrictions.

 Prevention

The goal should be to avoid problems by education of the 
athlete on good footwear and proper training and condition-
ing. Highly flexible shoes with narrow toe boxes should not 
be worn to prevent 2–5 MT conditions and injuries.

 Evidence

As a whole, there is limited if any Level I evidence with 
Grade A recommendations on treating disorders of MTs 2–5. 
Most of the evidence discussed below are Level IV studies 
and Level II at best with a limited number of patients and 
studies regarding athletes in general.

When diagnosing plantar plate instability Sung et al. 
found that MRI is an accurate and valid test in evaluated 
plantar plate disruption with sensitivity of 95 % and specific-
ity of 100 % (Level II) and a Grade A recommendation can 
be made for this modality based on this study [11]. Hofstaetter 
et al. found that Weil osteotomies are a safe and effective 
treatment method for subluxed or dislocated MTP joints with 
>80 % good to excellent results at 1 and 7 year follow up 
(Level IV) with a Grade B recommendation [14]. Studies 
where a Weil osteotomy was done specifically for plantar 
plate instability are limited. Nery et al. described a prospec-
tive study on direct plantar plate repair with a Weil osteot-
omy on 28 patients, 55 MTP joints, with at least 12 month 
follow up found that there was improvement in pain, MTP 
joint hyperextension, and instability in 68 % of patients [15]. 
This was a level II study and can be given a Grade A recom-
mendation. Barca et al. studied EDL transfer to treat 30 
crossover toes with average 2 year follow up had 83 % good 
to excellent result with only one recurrence (Level IV); 
Grade B recommendation [16].

Bunionettes are treated based on there severity. Kitaoka 
and Holiday reported results in 16 patients who underwent 
lateral condylar resection [17]. 23 % of patients had recurrent 
or persistent lateral pain (Level IV). Boyer and DeOrio 
achieved correction of the 4–5 IM angle from an average of 
9.1° to an average of 1.4°, using the chevron osteotomy and 
securing it with a bioabsorbable pin (Level IV) [18]. Coughlin 
reported on 30 patients treated for Type II and III bunionettes 
with oblique metatarsal osteotomies. The 4–5 IM angle 
improved from an average of 16° to 0.5°. All osteotomies 

38 Metatarsophalangeal Problems II-V



370

healed by 8 weeks (Level IV) [19]. Cooper recently reported 
on a subcapital oblique osteotomy of the fifth metatarsal for 
Type I bunionette deformity and found it to provide reliable 
clinical results for correction of painful type I bunionette 
deformity with 88 % patients having no limitation in activity 
(Level IV) [20]. A Grade B recommendation exists for bunio-
nette surgery based on the Level of evidence in these studies.

Carmont et al. did an extensive review of the literature on 
Freiberg disease in 2009 and graded the level of evidence for 
the various treatment modalities [6]. Freiberg initially used 
core decompression alone for treatment of the disease (Level 
IV evidence). This was later modified to include debridement 
of avascular bone and K-wire fixation by Helal et al. [21]. 
Sproul et al. found good results in athletes were debride-
ment and synovectomy was performed where all patients had 
improvement of symptoms (Level IV evidence) [22]. Core 
decompression has a Grade I recommendation and Grade B 
recommendation for open dorsal approach with debridement.

When there is later stage disease, there is a Grade B rec-
ommendation based on Level IV studies of wedge osteoto-
mies to rotate normal cartilage into the articulation. 15 
patients in one study were all able to return to sporting activi-
ties that they were unable to do prior to surgery Kinnard [23]. 
Interpositional arthroplasty is reserved for the arthritic joint 
and has been described by Thompson and Hamilton with 
good pain relief but limited range of motion. The evidence 
for this is Level IV with a Grade B recommendation [8, 24].

 Summary

• Aside from stress fractures, MTP joint instability due to 
plantar plate injury, Freiberg disease, synovitis, and bun-
ionettes should be considered in athletes with forefoot 
pain. A good history and physical examination can usu-
ally identify these disorders.

• Plantar plate instability can be treated with taping and rest 
in the acute stage however surgical options are evolving 
with good short term results.

• Freiberg disease is an uncommon condition but should be 
considered specifically in the female athlete with forefoot 
pain localized over the second MTP joint without radio-
graphic evidence of pathology.

• Synovitis can lead to disability and pain in the athlete 
resulting in attenuation of surrounding tissue causing 
plantar plate tears. If acute, it usually resolves with con-
servative measures.

• Bunionettes typically respond to conservative treatment 
in the athlete with off the shelf pads and callus care, how-
ever surgical options exist with good outcomes.
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Forefoot Sports Injuries

Johnny Lau and David Santone

Abstract

This chapter will focus on athletic injuries specific to the forefoot. While these injuries are 
rare, there has been a noted increase in their incidence. The majority of these injuries are 
minor, however, if not identified in a timely fashion and managed appropriately, they can 
result in chronic pain, deformity and eventual loss of function and inability to partake in 
sport. Forefoot sports injuries include a vast number of injuries. This chapter will address 
injuries involving turf toe, stress fractures of the second metatarsal, traumatic hallux valgus 
and sesamoid disorders.
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 Traumatic Hallux Valgus

 Etiology and Pathomechanism

Traumatic hallux valgus is a rare condition that has been 
attributed to various pathologies including acute MCL rup-
ture, lisfranc ligament injury, first metatarsal fracture, medial 
plantar nerve entrapment and displaced lesser metatarsal 
neck fractures resulting in disruption of the transverse liga-
mentous system [1–5]. Injury to these structures commonly 
results in a gradual hallux valgus deformity. While traumatic 
hallux valgus usually results from an injury to either the 1st 
metatarsal, the 1st MTP joint or the 1st MT-cuneiform joint, 
recent evidence suggests that an injury to the transverse “tie 
bar” system can also result in traumatic hallux valgus [5]. 

The transverse tie bar system is comprised of the MTP plan-
tar plates and the deep transverse metatarsal ligaments. An 
intact tie bar prevents splaying of the forefoot. Disruption of 
the tie bar will allow neighboring metatarsals to splay. 
Traumatic hallux valgus has also been described as a variant 
of turf toe [6]. A valgus directed force causes injury to the 
medial and plantar medial complex of the 1st MTP.

 Symptoms

The initial presentation is that of erythema, pain and tender-
ness localized to the medial aspect of the 1st MTP joint. Joint 
range of motion is limited. Gross deformity or joint instabil-
ity is usually absent.

 Diagnostics and Classification

Physical examination and a high index of suspicion of medial 
sided injury is required to identify this injury. Standing bilat-
eral AP, lateral and oblique foot xrays can identify mild 
deformity or fractures that result in traumatic hallux valgus. 
There is no classification for traumatic hallux valgus.
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 Therapy

There has been little written on the management of traumatic 
HV given its rarity. Initial therapy consists of rest, ice and 
elevation of the affected foot with anti-inflammatory medi-
cations. Patients who fail non operative measures and con-
tinue to complain of pain or instability during sport without 
radiographic explanation for hallux valgus development, 
should be worked up further with advanced imaging such as 
MRI. Based on the case reports thus far, management should 
consist of reduction of any associated fractures and repair of 
torn collateral ligaments. In the case of a medial collateral 
ligament tear, a direct repair through a standard medial inci-
sion has been performed [7]. Protection of the dorsal hallucal 
nerve is essential during the approach. Post operative man-
agement involves weight bearing as tolerated in a post op 
shoe or other hard soled shoe, followed by early passive 
range of motion exercises of the toe.

 Rehabilitation and Back to Sports

In non-operatively treated patients, gradual return to sport, 
over 3–6 weeks, is done after a short period of immobiliza-
tion and physiotherapy. In operatively treated patients with 
MCL pathology, progressive increased weight bearing and a 
gradual return to sport over 8–10 weeks is the goal [7].

 Prevention

Prevention is best achieved with appropriate footwear and 
avoidance of foot positions that place the medial structures at 
risk.

 Evidence

Due to the rarity of this injury, there is limited evidence to 
support operative management of traumatic hallux valgus.

 Turf toe

 Etiology and Pathomechanism

The term turf toe is the eponym given to a sprain or tear of 
the capsuloligamentous structures of the 1st MTP joint [8]. 
Turf toe is a common athletic injury especially in sports such 
as soccer, football, tennis and basketball. It results from an 
axial load applied to the heel with the foot in fixed equinus 
and the 1st MTP joint in dorsiflexion. As a result of this 
injury, the plantar ligaments and capsule can be torn from the 

metatarsal neck, as the toe is hyperdorsiflexed, and pulled 
distally. Associated osteochondral injuries on either the 
articular surface of the base of the proximal phalanx or the 
metatarsal head, are not uncommon. Dorsal dislocation of 
the toe may also result.

 Symptoms

Tenderness, ecchymosis and swelling around the medial and 
plantarmedial aspect of the 1st MTP joint is typically 
observed.

 Diagnostics, Classification

History and physical exam of the toe is critical for diagnosis. 
Exam should begin with inspection of the 1st MTPJ to assess 
for swelling, ecchymosis and deformity. Palpation of dorsal 
and plantar structures should then be undertaken. Stability of 
the joint should be assessed with a varus-valgus stress test as 
well as a dorso-plantar drawer test. Range of motion of the 
joint should be assessed. Decreased resistance to dorsiflex-
ion is an indicator of injury to the plantar structures. 
Assessment of great toe flexion and extension strength can 
help determine involvement of respective tendons. AP and 
lateral foot xrays with a sesamoid axial view are obtained. 
While xrays are typically normal, they can sometimes iden-
tify avulsion fractures. Forced dorsiflexion lateral radio-
graphs may be helpful, along with xrays of the contralateral, 
uninjured foot [9]. MRI is now more commonly obtained for 
evaluation of the extent of turf toe injury.

A clinical grading system has been published by Anderson 
[6]. This system divides turf toe injuries into 3 grades and 
gives recommendations for length of loss of playing time and 
surgical vs. non surgical management. Grade 1 injuries are 
sprains, grade 2 injuries are partial tears and grade 3 injuries 
are complete tears. Non-operative treatment is indicated for 
grades 1 and 2, while in grade 3 injuries, surgical manage-
ment may be considered.

 Therapy: Conservative Treatment and Surgery 
(Approach, Technique, Risks, After Treatment)

All grades are initially treated with rest, ice, compression, 
elevation and anti inflammatory medication to help reduce 
swelling and pain. Taping and shoe wear modification can 
aid return to sport and may require use for up to 6 months 
post-injury [8]. Management is guided by grade (see above).

While surgery for turf toe is rare, there are limited indica-
tions. These include large capsular avulsion with unstable 
joint, diastasis of bipartite sesamoid, displaced sesamoid 
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fracture, retraction of sesamoids, traumatic hallux valgus 
deformity, vertical MTPJ instability, loose bodies, chondral 
injury and failed conservative management [8].

Surgery entails either a medially based J incision or more 
recently, a 2 incision technique with a medial based and 
plantar lateral based incisions according to Hunt et al. [8]. 
Once the plantar plate defect is identified, non absorbable 
sutures are used in interrupted fashion to repair the defect. 
The MTPJ is placed in about 15° of plantarflexion while the 
sutures are tied.

 Rehabilitation and Back-to-Sports

Post-op rehab involves a short period of immobilization (5–7 
days) followed by early passive ROM to prevent arthrofibro-
sis. The patient remains NWB with a protective boot. 
Protected WB is commenced 4 weeks post-op and the boot is 
discontinued 8 weeks post-op. Return to contact activity 
occurs at 3–4 months and complete recovery may take up to 
6 months.

 Prevention

As turf toe is typically caused by increased surface friction 
associated with artificial turf and increased motion associ-
ated with lighter more flexible shoes, avoiding these contrib-
uting factors are the best way to prevent this injury [10]. 
Alternatively, continuing with these high risk sports but 
altering shoe design to increase forefoot stiffness is another 
method to prevent this type of injury.

 Evidence

There is limited data on surgical or nonsurgical success of 
turf toe injury. Anderson has previously reported on his 
series of 19 collegiate or professional athletes with disabling 
turf toe injury. 9 underwent surgical repair. All but 2 returned 
to sports.

 Metatarsal Stress Fracture

 Etiology and Pathomechanism

Metatarsal stress fractures are relatively common in athletes. 
It has been suggested that metatarsal stress fractures make up 
10 % of all sports overuse injuries [11]. The substantial and 
repetitive loads that the metatarsals are exposed to during 
sport, places them at risk for fracture. The 2nd and 3rd meta-
tarsals are the longest and most rigid and thus are the most 

prone to fracture, however, the 4th and 5th metatarsals are 
also susceptible to fracture. Well known risk factors for 
stress fractures include limb length inequality, cavus foot, 
excessive running and menstrual irregularities [8].

 Symptoms

Pain and swelling on the dorsum of the foot in the region of 
the fracture with inability to continue with sports is the most 
common presentation. The examiner will be able to elicit 
tenderness to palpation directly over the fracture site.

 Diagnostics

Xrays are the mainstay for diagnosis of metatarsal stress 
fracture, especially in the chronic state, as metatarsal stress 
fractures are know to produce a significant periosteal reac-
tion [12]. Technicium 99 three phase bone scans can be used 
for early detection of stress fractures as they are typically 
positive as early as 1 week after injury [8]. MRI is typically 
the test of choice as it can also detect early stress fractures 
with high accuracy [13].

 Therapy: Conservative Treatment and Surgery 
(Approach, Technique, Risks, Aftertreatment)

Initial management of stress fractures includes temporary 
avoidance of the offending sport, rest, ice and immobiliza-
tion. The vast majority of stress fractures can be treated non 
operatively. These fractures typically heal within 6–8 weeks. 
Any delay in healing may require additional therapeutic 
modalities such as bone stimulation or prolonged 
immobilization.

While surgery is rare, it may be required for displaced 
fractures or fracture non-unions. In either case, a small lon-
gitudinal incision can be made centered over the fracture site 
with a dorsal plate applied to the metatarsal, with or without 
the requirement for bone grafting.

 Rehabilitation and Back-to-Sports

Return to sport is gradual and is guided by radiographic and 
clinical exam, as well as pain.

 Prevention

Prevention mainly requires minimization of high intensity 
sports involvement in addition to ensuring the use of proper 
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footwear. Optimizing nutritional health and other conditions 
such as irregular menstruation will aid in preventing these 
fractures.

 Sesamoid Disorders

 Etiology and Pathomechanism

Although small in structure, injury to the hallucal sesamoids 
may result in considerable pain, discomfort and inability to 
partake in sporting activities. Due to its larger size, the tibial 
sesamoid occupies a larger portion of the plantar aspect of the 
distal 1st metatarsal and thus absorbs more weight bearing 
forces during activities. This results in more frequent injuries 
to the tibial, relative to the fibular, sesamoid [14]. Most inju-
ries to the sesamoids involve overuse injuries such as stress 
fracture (40 %), sesamoiditis (30 %), acute fracture (10 %), 
oscteochondritis (10 %), osteoarthritis (5 %) and bursitis 
(5 %) [14]. The etiology depends on the type of sesamoid dis-
order. Etiologies include crush injury, hyperextension injury 
to the MTP, chondromalacia, impingement or repetitive over-
loading of the medial forefoot [8]. Patients with a subtle fore-
foot driven cavovarus deformity have mild forefoot pronation 
with plantarflexion of the first ray (peroneal overdrive). This 
places increased pressure under the first metatarsal head and 
can result in irritation of the soft tissues surrounding the sesa-
moids. The forefoot pronation deformity can be subtle and 
should be looked for on physical examination. Subtle con-
tractures of the Achilles tendon should also be ruled out, par-
ticularly of the gastrocnemius (Silfverskiold test).

 Symptoms

Patients with sesamoid pathology present with generalized 
pain around the great toe with weight bearing (specifically in 
the terminal part of the stance phase of gait) and hyperexten-
sion of the toe.

 Diagnostics

Physical exam will demonstrate swelling and pain with pal-
pation directly over the sesamoids, along with decreased 
plantarflexion strength of the great toe. Loss of active and 
passive dorsiflexion may also be present [10]. The AP foot 
xray together with a medial and lateral oblique foot xray to 
assess the tibial and fibular sesamoids respectively, as well as 
an axial sesamoid xray, will all be useful in evaluating for 
sesamoid pathology [14]. Bone scans have been utilized in 
cases of suspected sesamoid pathology however it is difficult 
for the scan to differentiate between sesamoid pathology and 

intraarticualr MTP pathology. CT scans and MRI can iden-
tify conditions such as fracture, nonunion, osteomyelitis and 
post traumatic arthritis much better.

 Therapy: Conservative Treatment and Surgery 
(Approach, Technique, Risks, Aftertreatment)

Treatment is dependent on the type of sesamoid pathology 
present. Fractures, osteochondrosis and osteonecrosis can be 
initially treated with orthoses, activity modification, footwear 
modification or casting, with the goal of avoiding dorsiflexion 
of the toe [10]. Shoe modification may include a removable 
walking boot or a shoe modification with a full length steel 
shank and anterior rocker bottom, with an orthotic insert 
recessed in the sesamoid region [10]. Surgical treatment for 
sesamoid pathology is reserved for those who have exhausted 
conservative management and continue to have intractable 
pain. While surgical intervention is generally avoided due to 
potential complications including weakness, residual pain or 
neuritic pain, either partial or complete resection of one or 
both sesamoids may be considered. Complete resection of 
both sesamoids is generally avoided. If surgical intervention 
is required, the tibial sesamoid is usually approached through 
a small plantarmedial incision, protecting the medial branch 
of the plantar digital nerve. The toe is flexed and the intersesa-
moid ligament is identified and incised and the sesamoid 
extracted [14]. The fibular sesamoid is approached through a 
dorsal incision in the 1st webspace. The deep peroneal nerve 
is identified and protected and the interval between the adduc-
tor hallucis and the joint capsule is developed [14]. The ten-
don of the adductor halluces is separated from the lateral 
sesamoid and the intersesamoid ligament is identified and 
incised and the sesamoid extracted.

 Rehabilitation and Back-to-Sports

Post operatively the foot is immobilized in a splint for up to 6 
weeks. After 6 weeks the patient can be advanced to a hard 
soled shoe with possibly a turf toe plate or mortons extension.

References

 1. Fabeck LG, Zekhnini C, Farrokh D, Deschamps PY, Delince 
PE. Traumatic hallux valgus following rupture of the medial collat-
eral ligament of the first metatrsophalangeal joint: a case report. 
J Foot Ankle Surg. 2002;41(2):125–8.

 2. Bohay DR, Johnson KD, Mannoli A. The traumatic bunion. Foot 
Ankle Int. 1996;17:383–7.

 3. Ganel A, Israeli A, Horoszowski H. Post-traumatic development of 
hallux valgus. Orthop Rev. 1987;16:667–70.

 4. Johal S, Sawalha S, Pasapula C. Post-traumatic acute hallux valgus: 
a case report. Foot (Edinb). 2010;20:87–9.

J. Lau and D. Santone



375

 5. Lui TH. Acute traumatic hallux valgus: a case report. Foot (Edinb). 
2013;23:104–6.

 6. Anderson RB. Turf toe injuries of the hallux metatarsophalangeal 
joint. Tech Foot Ankle Surg. 2002;1(2):102–11.

 7. Douglas DP, Davidsaon DM, Robinson JE, Bedi DG. Rupture of the 
medial collateral ligament of the first metatarsophalangeal joint in a 
professional soccer player. J Foot Ankle Surg. 1997;36(5):388–90.

 8. Hunt KJ, McCormick J, Anderson RB. Management of forefoot 
injuries in the athlete. Oper Tech Sports Med. 2010;18:34–45.

 9. Rodeo SA, O’Brien S, Warren RF, et al. Turf toe: an analysis of 
metatarsophalangeal joint sprains in professional football players. 
Am J Sports Med. 1990;18:280–5.

 10. Nihal A, Trepman E, Nag D. First ray disorders is athletes. Sports 
Med Arthrosc Rev. 2009;17:160–6.

 11. Korpelainen R, Orava S, Karpakka J, Siira P, Hulkko A. Risk fac-
tors for recurrent stress fractures in athletes. Am J Sports Med. 
2001;29(3):304–10.

 12. Brockwell J, Yeung Y, Griffith J. Stress fractures of the foot and 
ankle. Sports Med Arthrosc Rev. 2009;17:149–59.

 13. Bergman AG, Fredericson M. MR imaging of stress reactions, mus-
cle injuries and other overuse injuries in runners. Magn Reson 
Imaging Clin N Am. 1999;7:151–74.

 14. Richardson EG. Hallucal sesamoid pain: causes and surgical treat-
ment. J Am Acad Orthop Surg. 1999;7:270–8.

39 Forefoot Sports Injuries



377© Springer International Publishing Switzerland 2016
V. Valderrabano, M. Easley (eds.), Foot and Ankle Sports Orthopaedics, DOI 10.1007/978-3-319-15735-1_40

Tarsal Tunnel Syndrome in Sport

Tim Schneider and Elango Selvarajah

Abstract

Tarsal tunnel syndrome is an entrapment neuropathy of the posterior tibial nerve or its ter-
minal branches as they pass into the foot through a fibro osseous tarsal tunnel below and 
behind the medial malleolus.

It presents with pain and paraesthesia, or numbness in the distribution of the posterior 
tibial nerve. The diagnosis generally requires a positive Tinel’s sign and positive electro-
physiological studies.

In the athletic individual TTS tends to be associated with running, jumping or impact 
sports. It has been assossiated with tarsal coalitions, accessory muscles and planovalgus 
foot deformity.

Treatment includes conservative measures such as ice, anti inflammatory medication, 
orthotics and modified activity. Surgical decompression needs to include the entire distal 
tarsal tunnel. The timing of surgery is controversial, but there is a strong body of evidence 
to suggest that earlier decompression avoids permanent nerve damage and fibrosis.
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 Introduction

Tarsal tunnel syndrome (TTS) is an entrapment neuropathy 
of the posterior tibial nerve or its terminal branches below or 
posterior to the medial malleolus as they pass into the foot 
through a fibro osseous tarsal tunnel.

It was first described by Keck [1] and Lam [2] indepen-
dently in 1962.

It presents with pain in the tarsal tunnel and paraesthesia, 
or numbness in the distribution of the posterior tibial nerve 

and its branches. The diagnosis generally requires a positive 
Tinel’s sign and may be supported by positive electrophysi-
ological studies

Literature pertaining to TTS in the sports setting is sparse. 
In the athletic individual TTS tends to be associated with 
running, jumping or impact sports. There is a high incidence 
of associated pathologies such as tarsal coalitions, hindfoot 
valgus, or space occupying lesions.

LEVEL IV EVIDENCE

 Anatomy

The tarsal tunnel is a fibro osseous tunnel behind and the 
beneath the medial malleolus. It allows passage of the 
postero- medial tendons, and neurovascular structures 
including the posterior tibial nerve and its branches. It has 
a proximal portion deep to the flexor retinaculum and a 

T. Schneider (*) 
Melbourne Orthopaedic Group,  
33 The Avenue, Windsor, VIC 3181, Australia
e-mail: taschneider@mog.com.au 

E. Selvarajah 
Foot and Ankle Department, Melbourne Orthopaedic Group,  
33 The Avenue, Windsor, VIC 3181, Australia
e-mail: elango_selvarajah@yahoo.com

40

mailto:taschneider@mog.com.au
mailto:elango_selvarajah@yahoo.com


378

 distal portion which is divided variabl by fibrous septa 
which can create points of compression or entrapment  
[3, 4] (Fig. 40.1).

LEVEL IV EVIDENCE
The posterior tibial nerve enters the tarsal tunnel as one of 

the more posterior structures. In 95 % of cases it divides into 
its terminal branches (Lateral Plantar Nerve and Medial 
Plantar Nerve) near lower margin of the flexor retinaculum. 
In a small number of cases it bifurcates above the flexor 
 retinaculum [4].

Distally the medial plantar nerve passes forward 
beneath abductor hallucis while the lateral plantar nerve 
passes through abductor hallucis and deep to quadratus 
plantae [3].

The calcaneal branch of the posterior tibial nerve origi-
nates at or above flexor retinaculum and courses down with 

the main nerve before penetrating the flexor retinaculum to 
supply the medial side of the heel [4].

The nerve to abductor digiti minimi is the first branch 
from the lateral plantar nerve and courses laterally distal to 
the calcaneal tuberosity It is prone to compression under the 
calacaneum in runners [5].

LEVEL IV EVIDENCE

 Aetiology

The cause of tarsal tunnel syndrome can be broadly classified as:

 1. Anatomical changes to the fibro osseous tunnel.
 2. Space occupying lesions
 3. Traumatic lesions

Posterior tibial nerve

Posterior tibial nerve
Calcaneal branches

Flexor retinaculum

Flexor retinaculum (cut)

Medial plantar nerve

Abductor hallucis m.

Flexor digitorum
brevis m.

Calcaneal branches

“Soft spot”

“Soft spot”

Plantar Fascia

Plantar Fascia (cut)

Nerve to Abductor
digiti quinti m.

Abductor digiti quinti m.

Lateral planter nerve

Quadratus plantae m.

Abductor hallucis m.

a

b

Fig. 40.1 Artists depiction of the 
tarsal tunnel and its contents 
(reprinted with permission 
courtesy of John S Gould). 
Posterior Tibial Nerve passes 
deep to the flexor retinaculum 
and Abductor Hallucis muscle 
belly (a) To access and 
decompress  the entire nerve 
including the important distal 
components it is necessary to cut 
and reflect the Abductor Hallucis 
muscle belly (b)
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Changes to the fibro osseous tunnel include osteophytes 
or coalition at the medial subtalar joint (Fig. 40.2) causing 
impingement. Thickening of the plantar fascia or hypertro-
phy of the abductor hallucis can be seen in the athletic indi-
vidual [6]. Variations in the fibrous septa dividing the distal 
compartments in the tarsal tunnel can also contribute to 
entrapment [3].

Dynamic alterations to the foot posture such as hindfoot 
inversion or eversion can alter the cross sectional area of the 
tunnel. Forefoot pronation in runners has been associated 
with injury to the tibial nerve through excessive stretching 
[7]. These dynamic causes are thought to either stretch the 
medial planar nerve against the navicular or compress the 
posterior tibial nerve within the tarsal tunnel itself [3].

Space occupying lesions can include varicosities, ganglia, 
neuromas and lymphomas [7] (Fig. 40.2). Tenosynovitis of 
the Tibialis Posterior or long flexor tendons may also have 
this effect [7–9].

LEVEL IV EVIDENCE
Traumatic lesions are the most common cause of TTS 

[6, 9] This group can overlap with the other two groups 
and include tarsal fractures, (such as calcaneal fractures 

and the Cedell fracture of the medial tubercle of the talus) 
[10], traumatic tenosynovitis, and post traumatic epineural 
scarring following haemorrahage [6, 9]. Rask [11] and 
Jackson [12] described dynamic deformities whereby the 
medial plantar nerve is stretched against the navicular in a 
valgus hindfoot. Other traumatic lesions include plantar 
fascial tears with an associated inflammatory mass and 
crush injuries to the Nerve to Adductor Digiti Minimi 
against the calcaneum [5].

LEVEL IV EVIDENCE
Prolonged compression of a peripheral nerve results in 

loss of endoneural microvessel function and oedema [13]. If 
this persists for more than 6 months, in primate models, it 
can result in perineural fibrosis and demyelination [13]. The 
double crush syndrome was described by Upton and 
McComas in 1973 [14]. This describes compression of the 
nerve over an extended length creating characteristic myelin 
and axonal degeneration. It is one of the causes of failure of 
decompression surgery [13] and warrants extended decom-
pression of the entire tarsal tunnel.

LEVEL IV EVIDENCE

 Symptoms and Presentation

Patients describe dysaesthesia, or anaesthesia on the plantar 
aspect of the foot. There is often associated burning pain 
radiating distally or proximally into the calf. There is often 
burning sensation at night and particularly after activity. This 
was described by Gould and others as “after burn” [15]. 
Symptoms are usually relieved by rest and made worse with 
activity.

Clinical signs include objective evidence of decreased 
sensation on the plantar aspect of the foot, intrinsic muscle 
weakness, (which is much more difficult to assess) and a 
positive Tinel’s sign. The Tinel’s sign is elicited by percus-
sion along the course of the posterior tibial nerve or its 
branches. It is seen as an important component of the clinical 
diagnosis [6, 9, 13, 16, 17]. Symptoms may be provoked by 
combined dorsiflexion and eversion [18]. Clinically there 
maybe a feeling of fullness along the course of the tarsal tun-
nel associated with a space occupying lesion such as tenosy-
novitis, ganglia or engorged veins [6].

LEVEL IV EVIDENCE
In athletes, tarsal tunnel syndrome is most commonly 

seen with repetitive impact activities such as running or 
jumping sports [6, 8, 17] In these individuals there is also a 
high incidence of predisposing anatomical factors, which 
cause alteration to the tarsal tunnel itself [8].

Kinoshita [8] reported on a series of 18 athletes reporting 
symptoms of tarsal tunnel syndrome who underwent surgery. 
Seven patients had tarsal coalitions, 3 had accessory muscles 
and four patients had planovalgus feet.

Fig. 40.2 MRI image of a tarsal coalition of the subtalar joint in a 
patient with tarsal tunnel syndrome including a positive Tinel sign
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LEVEL IV EVIDENCE
Rask [11] described “joggers foot” which was attrib-

uted to compression of the medial plantar nerve under the 
medial navicular in joggers. It is a recurrent impact injury 
and is worsened by hindfoot valgus which brings 
the medial plantar nerve under the navicular in the dis-
tal medial tarsal tunnel. This creates a point of 
compression.

Labib and Gould [19] described a heel pain triad being 
a combination of plantar fasciitis, posterior tibial dysfunc-
tion and tarsal tunnel syndrome. Clearly these three enti-
ties will overlap in a certain number of patients so the 
diagnosis and subsequent treatment rationale is often 
confused.

Sammarco [9] pointed out the role of post traumatic scar-
ring of the posterior tibial nerve and its branches in the tarsal 
tunnel. This may be a contributing factor to TTS in athletes 
involved in repetitive impact activity.

Baxter and Pfeffer [5] described release of the first branch 
of the lateral plantar nerve in a group of patients, half of 
whom related their pain to sporting activity. This was most 
commonly long distance running but also included tennis, 
volleyball, basketball and aerobics [5].

The differential diagnosis for heel pain in the athlete 
should include fat pad insufficiency, plantar fasciitis, nerve 
entrapment including tarsal tunnel syndrome or first branch 
of the lateral plantar nerve (Fig. 40.4) and stress fractures of 
the calcaneum [8, 17, 19, 20].

LEVEL V EVIDENCE

 Diagnosis

Routine weight bearing radiology may reveal evidence of 
tarsal coalition, an osteophyte in the tarsal tunnel or a pla-
novalgus posture which could contribute to compression of 
the nerve on weight bearing [6, 13]. CT scanning will add 
further detail to the plain radiological imaging, however they 
are generally not weight bearing.

Ultrasonography can demonstrate tenosynovitis, venous 
structures or ganglia within the tarsal tunnel [13, 21].

MRI scanning is the modality of choice for defining most 
anatomical details concerning the tarsal tunnel [6, 13]. It can 
identify bony and soft tissue anomalies, including tendon, 
muscular, and vascular anomalies, as well as some neural 
detail [6, 9, 13, 21].

Electrophysiological investigations can demonstrate 
slow sensory conduction or reduced amplitude of motor 
potentials [9]. Conduction times are characteristically 
increased with nerve compression causing focal demyele-
nation [22]. False negative rates of up to 50 % have  
been reported although it is felt that a positive result 
strongly supports the diagnosis of Tarsal Tunnel Syndrome 
[13, 23].

LEVEL IV EVIDENCE

Fig. 40.4 MRI image of a disruption of the plantar fascia creating a 
thickening which was impinging on the nerve to abductor digiti minimi

Fig. 40.3 MRI image of a ganglion of the flexor tendon sheath with the 
tarsal tunnel below the sustentaculum tali
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 Treatment

Assessment of Tarsal Tunnel Syndrome in the athletic individual 
should include the role of repetitive impact such as in distance 
runners, muscle hypertrophy (such as flexor hallucis longus or 
abductor hallucis), entrapment or injury to the first branch of the 
lateral plantar nerve and the role of a planovalgus foot.

Initial conservative treatment includes rest, ice, non- 
steroidal anti-inflammatories and orthotics to alter the pat-
tern of heel strike and reduce tension in the nerve in a valgus 
hindfoot [6, 17] (Fig. 40.5). Gould describes a specific total 
contact orthotic with a posteromedial channel to unload the 
distal tarsal tunnel [15]. Several others recommend a calf 
stretching program to alleviate the contribution from the 
plantar fascia [15, 24, 25]

The timing of surgery is controversial, but there is a strong 
body of evidence to suggest that earlier decompression 
avoids permanent nerve damage and fibrosis [9, 13, 17, 26]. 
Surgical decompression performed within 12 months from 
the onset of symptoms are thought to achieve more favour-
able outcomes [9].

Surgical decompression should include release of the proxi-
mal and distal components of the tarsal tunnel. Reports of surgi-
cal release of only the proximal component under the flexor 
retinaculum had 50 % or more unsatisfactory outcomes [23, 27], 
more extensive release of both the proximal and distal compo-
nents of the tarsal tunnel report more than 80 % satisfactory 
results [19, 20]. Gould reported an 82 % satisfactory rate when 
the exploration was combined with a plantar fascia release [28].

LEVEL IV EVIDENCE
Surgery needs to include removal of any space occupying 

lesion. Care needs to be taken to identify the calcaneal 
branches as they penetrate the flexor retinaculum, both plan-
tar nerves, and in particular the first branch of the lateral plan-
tar nerve to abductor digiti minimi. Haemostasis is important 
to prevent subsequent scarring within the tarsal tunnel, which 
is seen as a cause of recurrent symptoms [20, 24, 29].

Tarsal tunnel surgery fails because of inaccurate initial 
diagnosis, inadequate release of all components of the tar-
sal tunnel, inadequate haemostasis and subsequent scarring 
or traction neuritis, double crush syndrome, persistent 
hypersensitivity of the nerve, damage to the nerve or its 
branches at the time of surgery and intrinsic damage to the 
nerve either as a result of delayed release or some other 
primary nerve pathology such as diabetic neuropathy  
[6, 13, 24, 29].

LEVEL IV EVIDENCE

 Rehabilitation and Back-to-Sports

Post operative management should involve early immobili-
sation and compression during the initial wound healing 
phase and then mobilisation to prevent tethering of the tibial 
nerve and its branches.

Early series reported prolonged post operative immobili-
zation. Results were less than optimal and more recently 
authors have advocated an initial period of rest for wound 
healing followed by mobilization and retraining as soon as 
the wound is stable [6, 15, 20]. Active and passive mobiliza-
tion with full weight bearing can begin at or around 2 weeks 
[6], with increasing intensity over the next 4 to 6 weeks. As 
well as limiting functional loss from inactivity it will mini-
mize the risk of perineural scarring. As there are no concerns 
for structural stability, full impact loading can begin as soon 
as the soft tissue envelope will tolerate it.

LEVEL V EVIDENCE
On returning to training and sport particular attention 

needs to be paid to proprioceptive function and any subtle 
loss of foot balance as the result of ongoing neurological 
deficit. This is relevant to the running, jumping, and turning 
athlete where subtle loss of motor and sensory input will 
compromise the athlete’s performance in the rehabilitation 
phase. Specific attention to these issues may help the athlete 
make an earlier return to optimal performance. Optimal post 
operative function occurs by around 9 months [9] although 
this can be quite variable.

LEVEL IV EVIDENCE

Fig. 40.5 Orthotics are an initial management strategy to correct hind-
foot valgus and relieve the pressure under the tarsal tunnel with a cus-
tom cut away channel
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 Summary

 1. Tarsal tunnel syndrome is an entrapment neuropathy of 
the posterior tibial nerve and its branches as it passes 
behind the medial mallelous. It presents with neuritic heel 
pain which often lasts after the cessation of activity (“after 
burn”)

 2. Beware of false negative electrophysiologoical studies, 
however positive studies strongly support a diagnosis of 
tarsal Tunnel Syndrome

 3. Trauma is the most common aetiology, however, one 
needs to consider space occupying lesions and changes to 
the conformation of the tarsal tunnel. It often occurs in 
association with plantar fasciitis and Tibialis Posterior 
dysfunction

 4. In the athletic patient, there is a high association with 
repetitive impact activities such as running and jumping

 5. In the athletic patient there is a high association with 
other lesions such as a planovalgus foot deformity, tarsal 
coalition or a space occupying lesions.

 6. Early conservative measures such as anti inflammatory 
medication, calf stretching, insoles or gait retraining may 
reduce symptoms. Surgery should be considered after 3–6 
months of failed non operative treatment to reduce the for-
mation of perineural scarring and traumatic neuropathy
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Nerve Entrapments

Christopher E. Gross and James A. Nunley II 

Abstract

Nerve entrapments are an under-appreciated and under-diagnosed cause of many recalci-
trant aches and pains in athletes. These entrapments are difficult to diagnose due to the 
dynamic nature of symptoms. The goal of this chapter is to discuss the etiology, treatment 
strategies, rehabilitation, and prevention of six common foot and ankle nerve entrapments 
experienced by athletes—Morton’s neuroma, tarsal tunnel syndrome, anterior tarsal tunnel 
syndrome, and entrapment of the superficial peroneal nerve, Baxter’s nerve, and jogger’s 
nerve.
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Nerve entrapments are an under-appreciated and 
 under- diagnosed cause of many recalcitrant aches and pains 
in athletes. Often, these entrapments are difficult to diagnose 
due to the dynamic nature of symptoms: only certain training 
activities or positioning of the feet during maneuvers may 
elicit symptoms.

An accurate diagnosis begins with taking a thorough his-
tory. The athlete should be asked when he began to experi-
ence symptoms. Rarely patients can point to specific injury, 
such as an inversion ankle sprain, that led to the beginnings of 
symptoms. Commonly, patients note a gradual pain that was 
occasionally nagging and now occurs more frequently with 
specific activities. This pain can evolve into pain that does not 
improve with rest or a change in shoes, intensity of training, 
or physical therapy. Some common neurogenic symptoms 
that cause suspicion for a nerve entrapment include: pain 
(burning, stabbing, radiating), parethesias, and weakness. 
The specific anatomic distribution of these symptoms should 
be explored. The athlete’s past medical history, especially 
known rheumatologic, endocrine, and neurologic issues 
should be queried. One may need to rule out  exertional com-

partment syndrome which often presents in patients as a dull, 
achy pain that is made worse with exertion, most often run-
ning. It is important to note the location of the pain while 
exercising as this will help direct more focused questioning/
examining as well as point to which muscle groups are pos-
sibly affected. The athlete’s training schedule is also reviewed.

The physical examination should be directed by the sur-
geon’s knowledge of foot and ankle anatomy. Following a 
routine physical examination of the foot, palpation and per-
cussion of the nerve of interest is attempted to elicit symp-
toms. The clinician may try to simulate nerve constriction by 
holding external compression. At times, the radiating nerve 
symptoms may be mimicked.

Conservative treatment is the mainstay for the majority of 
neurologic compression injuries. Athletes are asked to 
remove all extrinsic factors that could be causing potential 
sources of constriction: tight shoes or shoe laces, taping, and 
straps. Next, the training itself should be modified such as 
playing/training surface and muscle stretching and strength-
ening. Rest, a regimented course of non-steroidal anti- 
inflammatory drugs, massage, acupuncture, transcutaneous 
electrical nerve stimulation, ice, heat, and local anesthetic/
corticosteroid injections may prove successful.

The goal of this chapter is to discuss the etiology, treat-
ment strategies, rehabilitation, and prevention of six com-
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mon foot and ankle nerve entrapments experienced by 
athletes—Morton’s neuroma, tarsal tunnel syndrome, ante-
rior tarsal tunnel syndrome, and entrapment of the superficial 
peroneal nerve, Baxter’s nerve, and jogger’s nerve.

 Morton’s Neuroma

 Etiology and Pathomechanism

Morton’s neuroma is a paroxysmal neuralgia that presents as 
a sharp, burning pain in the toe webspace. It most commonly 
affects the 3rd interdigital nerve in the third webspace 
between the third and fourth toes (80–85 %) and next com-
monly, the 2nd common digital nerve in the second web-
space (10–15 %) [1]. It is not a neuroma in the formal 
definition of the word, but rather a perineural fibrosis. 
Runners and dancers are often most commonly affected [2]. 
In dancing, the forefoot is compressed in the following 
maneuvers: en pointe, relevé, and tendu [3].

The exact etiology and pathogenesis of Morton’s neu-
roma is still a point of contention. Morton suggested that 
enlargement or a neuroma of the digital branches of the lat-
eral plantar nerve was the source of pain [4]. Neuritis may 
also occur as contraction of the flexor digitorum brevis 
causes the nerve to shear against the intermetarsal ligament, 
which in turn, causes inflammation [5]. Another theory states 
that the intermetatarsalphalangeal bursa balloons out and 
causes traction on the digital nerve adjacent to the digital 
nerve, which leads to an ischemic effect on the nerve [6]. 
Current theories believe that Morton’s neuroma is a conse-
quence of the combination of repetitive mechanical and isch-
emic trauma, entrapment, and tethering [7].

The epidemiology is not clearly defined as the incidence 
and prevalence are not known [8]. Women aged 45–50 are 
most commonly affected. Though men are affected, women 
account for the overwhelming majority [9]. Both feet are 
equally affected, though bilateral complaints are rare. It is 
also uncommon to find two neuromas in the same foot.

 Diagnostics, Classification

The differential diagnosis must be carefully crafted to exclude 
more serious disorders of the forefoot. The differential diag-
nosis for Morton’s neuroma includes: intermetarsal bursitis, 
metarsophalangeal joint instability/capsulitis, metatarsalgia, 
lumbar radiculopathy, tarsal tunnel syndrome, stress fracture, 
Frieberg’s infraction, infection, tumors, painful callosities 
associated with toe deformities, peripheral neuropathy [1, 7].

Imaging is necessary to rule out the differential diagnosis 
listed above. Often, an x-ray may show a faint radiopaque mass 
and lateral toe deviation [7]. An MRI may show inflammation 

surrounding the neuroma as seen in T2 weighted images. An 
ultrasound may show a non- compressible hypoechoic inter-
digital mass with or without a bursal effusion.

While early studies of imaging showed that the clinical util-
ity of these modalities is questionable [10], most studies did not 
evaluate a Mortons’ neuroma with today’s more sensitive MRI 
magnets and ultrasounds. Owens and colleagues [11] showed 
that an MRI may have a sensitivity of 97 % in patients with 
symptomatic neuromas, but showed neuromas in 25 % of 
patients without symptoms. Sharp et, al evaluated confirmed 
cases of Morton’s neuroma that were evaluated with an MRI, 
ultrasound and physical examination. MRI and ultrasound’s 
accuracy was dependent on the size of the lesions. Physical 
exam proved to be the most sensitive and specific modality [12].

 Symptoms

A patient with a Morton’s neuroma often complains of a burn-
ing, sharp pain that is located between the third and fourth 
toes. This pain is often plantar at the metatarsal heads and radi-
ates distally on either side of the toe. It can often radiate from 
the forefoot up the leg proximally. The pain is exacerbated 
with wearing tight or constricting shoes and frequently allevi-
ated while walking barefoot. A patient may describe charac-
teristically and temporally different pain. The first, intense 
pain lasts for about 5–10 min and is precipitated by direct 
compression of the neuroma. This pain then becomes a dull 
ache for the next 2–3 h [13], One feature of a Morton’s neu-
roma is that a patient may need to rest after walking, remove 
the shoe and massage the area of discomfort for moderate 
relief [14]. This may occur several times throughout the day.

On palpation, the usual location of pain is at the inter-
space between the metatarsal heads. Therefore, one must 
examine the metatarsophalangeal joints for synovitis or 
instability (metatarsophalangeal drawer test). Interdigital 
skin sensation is often decreased. A useful test for Morton’s 
neuroma is the “lateral squeeze test”. This test is per-
formed with the index and thumb on the dorsal and plantar 
aspect of the painful intermetatarsal space. The forefoot is 
then compressed with the opposite hand by squeezing 
together the metatarsal heads. The test is positive if a pain-
ful or palpable click is felt. This “Mulder’s click” is likely 
due to subluxation of the neuroma between the metatarsal 
heads [15].

 Therapy: Conservative Treatment and Surgery

When a diagnosis of Morton’s neuroma is made, some sur-
geons believe that conservative management is never war-
ranted since the pain will persist and worsen as the neuroma 
enlarges [13]. While there is no agreed-upon treatment 
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 algorithm, most believe conservative treatments should be 
tried from 3 months to a year [1, 7].

Firstly, a patient should wear wide, comfortable shoes 
with large toes boxes [1]. Custom orthotics may limit foot 
subtalar pronation and limit the mobility of the first ray and 
reduce forefoot abduction [16].

Another treatment modality is an intermetatarsal corticoste-
roid and local anesthetic injection. It is imperative that the nee-
dle traverses the intermetatarsal ligament in order to enter the 
bursa and infiltrate the neurovascular bundle. While some stud-
ies show that 47 % of people may experience relief with injec-
tions [17], others fail to show any long-term relief [18]. Recently 
studies have looked at injection of either phenol or alcohol. An 
electrode-guided injection of phenol proved to be effective in 
80.3 % of cases [19]. Ultrasound-guided injection of alcohol 
gave 84 % of patients total relief with partial relief to 94 % [20].

The evidence for conservative therapy is relatively weak 
[8]. If a patient fails these measures, surgery is warranted. 
Many surgical methods have been described, however, the 
most common technique includes a dorsal incision with inter-
digital nerve excision after intermetatarsal ligament division.

A dorsal approach allows for immediate weight bearing 
and suture removal after 2 weeks

 Rehabilitation and Back-to-Sports

A patient usually transitions to a normal shoe by 3–4 weeks, 
with return to sports in 4–6 weeks. The most common com-
plication results from wound healing keloid formation or 
superficial infection [7]. In one series, 1.1 % of patients had 
a wound infection while 2.2 % had keloid formation over the 
scar [7]. Recurrent neuroma formation is another complica-
tion. This usually results from inadequate proximal resection 
of the common digital nerve. This neuroma stump is then 
trapped by the metatarsal heads, compressed, and causes 
recurrent pain.

Despite the above complications, patients describe high 
satisfaction rates from 80 to 96 % [17, 21].

 Prevention

There are no formalized studies that evaluate strategies to 
avoid interdigital neuromas in the athletic population.

 Tarsal Tunnel Syndrome

 Etiology and Pathomechanism

The tarsal tunnel is a fiberosseous tunnel made of the 
medial malleolus, the medial wall of the calcaneus, the 

flexor retinaculum (laciniate ligament), the posterior talus, 
and the abductor hallucis. The contents of the tarsal tunnel 
include the tibial nerve, posterior tibial artery, the flexor 
digitorum longus (FDL), the flexor hallucis longus (FHL), 
and the posterior tibialis tendon. At this tunnel, the tibial 
nerve divides into four main branches (medial and lateral 
plantar and the medial and inferior calcaneal nerves) to 
supply the majority of the plantar sensation and intrinsic 
musculature.

The nerve can be compressed by both intrinsic and extrin-
sic factors which include: ganglion cysts, varicose veins, 
tenosynovitis, lipomas, tendinopathy, osteophytes, tight laces, 
scarring, and edema. Dancers may have a hypertrophied FHL 
muscle belly and may experience symptoms when they are in 
relevé [3]. In a review of a series of 18 athletes treated for 
tarsal tunnel syndrome [22], activities that triggered symp-
toms sprinting, jumping, and performing ashi barai in judo or 
karate. These activities may overload the ankle joint. They 
noticed that certain physical factors could increase the risk for 
tarsal tunnel syndrome such as: pes planus, accessory mus-
cles, talocalcaneal coalition, and accessory muscles.

 Symptoms

Due to the complexity of the tibial nerve branches, presenta-
tion of tarsal tunnel syndrome is highly variable. It may 
include numbness, tingling, and aching in the specific 
branches affected. The syndrome may be exacerbated in 
those who need to stand for longer periods of time (baseball 
outfielders). Often athletes do not notice a loss of strength or 
wasting of the intrinsics unless it is severe. In advanced 
cases, the surgeon may be able to appreciate muscle atrophy. 
Percussion or manual compression of the tarsal tunnel (and 
the distal tibial nerve branches) may be positive. Using a 
monofilament test, sensory changes in the distribution of the 
tibial nerve branches may be elicited.

 Diagnostics, Classification

Radiographs, an MRI, or ultrasound may be helpful in locat-
ing any osseous fragments or space-occupying lesions in the 
tarsal tunnel [23]. An electrodiagnostic test is another diag-
nostic modality, however a negative result does not exclude 
the problem. A nerve conduction study (NCV) can see 
 prolongation of conduction velocity of any of the number of 
branches of the tibial nerve (most often the medial or lateral 
plantar nerves). An electromyography (EMG) should focus 
on the intrinsic muscles: abductor hallucis, interossei, and 
abductor digiti quinti. An ultrasound-guided local anesthetic 
and corticosteroid injection can be both diagnostic and 
therapeutic.
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 Therapy: Conservative Treatment and Surgery

In patients with space-occupying lesions of the tarsal tunnel, 
conservative treatment is initiated as outlined above. More 
often than not, those with mechanical symptoms have already 
tried a period of conservative therapy before reaching the 
clinic setting either directed intuitively or by a trainer. 
Therapy may focus on stretching the plantar fascia and the 
gastrocnemius soleus complex. An medial arch support may 
invert the foot, offloading the medial column and improving 
symptoms [3].

Surgery consists of an extensive release of the flexor reti-
naculum, removal of any mechanical lesions, a partial release 
of the abductor hallucis fascia, and partial release of the 
plantar fascia. A cast is applied with the suture removal after 
2 weeks.

 Rehabilitation and Back-to-Sports

A patient usually transitions to full weight bearing at 2–4 weeks 
with a return to sports in 12 weeks. In the previously- mentioned 
study of 18 athletes, 67 % returned to their sport at the same 
functional level at final follow-up. In a population that includes 
both athletes and non-athletes, 82 % experience complete 
recovery [24] with a symptomatic plateau at an average of 
19.6 months (Grade IV evidence: range, 6–30 months) [23].

 Prevention

There are no formalized studies that evaluate strategies to 
avoid tarsal tunnel syndrome in the athletic population.

 Deep Peroneal Nerve (Anterior Tarsal Tunnel)

 Etiology and Pathomechanism

Approximately 5 cm proximal to the ankle joint, the deep 
peroneal nerve lies between the extensor digitorum commu-
nis (EDC) and the extensor hallucis longus (EHL) tendons. It 
then passes underneath the superior extensor retinaculum 
where 1 cm proximal to the joint, the nerve divides into 
medial and lateral branches. The lateral branch innervates 
the extensor digitorum brevis (EDB) and lateral tarsal struc-
tures. The purely sensory medial branch passes under the 
Y-shaped inferior extensor retinaculum (near the talonavicu-
lar joint) where compression occurs. Compression may be 
due to ribbons from dancing shoes impinging on the talona-
vicular joint and straps from stationary bicycles. Those who 
perform sit-ups with the dorsal foot against a bar and runners 

who place a key under the tongue of their shoes may also 
experience discomfort [25].

 Symptoms

Athletes typically complain of vague pain on the dorsum 
of the foot and may sometimes localize pain and paresthe-
sias to the 1st dorsal webspace. Plantarflexion, places the 
nerve on stretch, and may exacerbate symptoms. Typically, 
exertion exacerbates the pain and rest alleviates the pain. 
More so than any other nerve entrapment syndromes, 
deep peroneal nerve compression is associated with night 
pain [26].

Some athletes relate a history of multiple ankle sprains. 
During the injury, the deep peroneal nerve is stretched as the 
ankle plantarflexes and supinates [2].

 Diagnostics, Classification

Diagnosis is again made clinically. The entire course of the 
deep peroneal nerve should be palpated and percussed. 
Symptoms may often be reproduced when the ankle is 
forcibly plantarflexed and inverted. Subtle difference in 
the strength and bulk of the EDB may be ascertained with 
resistance of both of the great toes in dorsiflexion. 
Palpation of the dorsal talonavicular joint may reproduce 
symptoms.

In deep peroneal nerve compression, radiographs of the 
ankle and foot should be obtained. This type of imaging is 
important as dorsal osteophytes at the talonavicular joint 
may cause compression. MRI is important if one is con-
cerned about a space-occupying lesion. Electrodiagnostic 
studies focus on the EDB (lesion would be proximal to 
inferior retinaculum) and conduction velocities. One study 
demonstrated that there is reduced EDB motor recruitment 
in 38 % asymptomatic individuals and abnormal conduc-
tion velocities in 76 % of asymptomatic people [27].

 Therapy: Conservative Treatment and Surgery

The primary goal is to try to reduce any extrinsic device that 
is causing external compression on the dorsal foot, such as a 
tight ski boot. Non-restrictive shoes can often reduce 
symptoms.

Surgery is considered when conservative therapy fails. 
Localization of the entrapment dictates the surgical approach 
and the extent of the dissection. However, it may be neces-
sary to release the superior extensor retinaculum all the way 
distal to the 1st web space.
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 Rehabilitation and Back-to-Sports

Rehabilitation and return to sports is dependent on how 
extensive the decompression was. If they decompression was 
a simply dorsal osteophyte removal, activities can be 
restarted as soon as the wound heals.

 Prevention

Athletes should try to limit any devices, straps, or activities 
that constrict the dorsal foot

 Medial Plantar Nerve

 Etiology and Pathomechanism

Entrapment of the medial plantar nerve (jogger’s foot) com-
monly affects runners with a male predominance without a 
specific age distribution [28]. Entrapment occurs at the 
Master Knot of Henry. Though the mechanism of compres-
sion is not entirely clear, Kopell and Thompson postulated 
that the entrapment is related to hallux rigidus. An over- 
active tibialis anterior leads to denervation of the medial 
plantar nerve which in turn causes increased stress in the 1st 
metatarsophalangeal joint [29]. Schon and Baxter proposed 
that patients trying to reduce motion of their 1st MTP joint, 
may have spasming of the abductor hallucis and flexor brevis 
which, in turn, caused compression of the medial plantar 
nerve [2].

 Symptoms

Athletes complain of pain that radiates from the medial arch 
to the medial toes. It can also shoot proximally. Pain is often 
elicited by running on flat surface. Orthotics often exacer-
bate the symptoms, especially if the place the heel into val-
gus or pronate the forefoot [2]. At times, it may also mimic 
tibial sesmoiditis (medial hallucal nerve).

 Diagnostics, Classification

Diagnosis is based on a thorough physical examination. 
Patients will often have tenderness at the medial plantar arch 
or just proximal to the tibial sesamoid. Pain and numbness 
may be present after the patient jogs. Pain may be elicited 
with percussion of the nerve or by everting the hindfoot or 
having the patient walk on the tiptoes.

 Therapy: Conservative Treatment and Surgery

Conservative therapy includes the above-mentioned modali-
ties. The offending orthotic should be removed from the 
patient’s shoe. Sometimes a lamb’s wool pad within a ballet 
slipper may also reduce symptoms [3].

If conservative treatment fails to reduce the symptoms to 
a manageable level, a decompression surgery from a medial 
approach should be performed. There are no published stud-
ies regarding surgical outcomes.

 Rehabilitation and Back-to-Sports

Rehabilitation and back-to-sports is dependent on the type of 
sport. Depending of the amount of release, running is allowed 
anytime from 3 to 6 months.

 Prevention

There are no studies that evaluate strategies to avoid medial 
plantar nerve compression.

 First Branch of the Lateral Plantar Nerve 
(Baxter’s Nerve)

 Etiology and Pathomechanism

Entrapment of the lateral plantar nerve is often mistakenly 
referred to as jogger’s foot and should not be confused 
with medial plantar nerve entrapment. Baxter’s nerve 
compression is a rare, but significant cause of heel pain. It 
often occurs in runners. Entrapment occurs as the nerve 
passes between the deep fascia of the abductor hallucis 
muscle (which is often hypertrophied) and the caudal 
margin of the medial head of the quadratus plantae 
muscle.

 Symptoms

Patients often have non-specific heel pain that eventually 
localizes to the medial heel. It is worse with running and may 
prevent full athletic effort. However, some patients notice 
that the pain actually improves during running as the pain 
transitions to paresthesias. Symptoms are often confused 
with plantar fasciitis as the pain is often at the origin of the 
plantar fascia. However, whereas plantar fasciitis pain will 
go away after a few minutes of activity, entrapment of 
Baxter’s nerve can persist throughout the day.
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 Diagnostics, Classification

Baxter’s nerve compression is often a diagnosis of exclusion. 
Pain can be replicated with direct palpation of the medial 
heel. The pain can also be made worse with ankle dorsiflex-
ion. Other sources of heel pain (plantar fasciitis, stress frac-
ture of the calcaneus) must be excluded.

 Therapy: Conservative Treatment and Surgery 
(Approach, Technique, Risks, Aftertreatment)

Often patients are treated for with heel cups, injections, and 
plantar fascia and gastrocnemius-soleus stretching. In a 
study of 69 surgically treated heels, 91 % had used cushioned 
heel cups, 83 % had taken NSAIDS, and 86 % used received 
a corticosteroid injection [30]. The average duration of con-
servative treatment was 14 months.

Classically, surgical treatment uses a long medial incision 
from the medial malleolus to the medioplantar heel. The 
tibial nerve is carefully dissected out until the medial and 
lateral branching can be seen. The superficial and deep fascia 
of the abductor hallucis muscle is released along with the 
quadratus plantae and FDB muscle. It is possible to endo-
scopically release the abductor hallucis as well.

In Baxter’s study of 69 heels surgically treated [30] (Level 
IV study) for compression, 89 % had good to excellent results 
with 83 % experiencing a complete relief of their symptoms. 
Close to 50 % of these patients first noticed their pain during 
athletic activities. In a study of 18 patients, 50 % had com-
plete resolution of their symptoms, while the other 50 % 
experienced minor pain after extended activities [31].

 Rehabilitation and Back-to-Sports

For the first couple weeks, the leg is elevated as often as pos-
sible. After the wound is healed, weight bearing is progressed 
according to the pain level. Soft insoles are used for 12 
weeks. The patient may not run or jump for 12–18 weeks.

 Prevention

There are no studies that evaluate strategies to avoid Baxter’s 
nerve entrapment in the athletic population.

 Superficial Peroneal Nerve

 Etiology and Pathomechanism

The superficial peroneal nerve is a branch of the peroneal 
nerve that innervates the peroneal brevis and longus in the 

anterolateral compartment of the leg. It becomes superficial 
nerve approximately 10 cm proximal to the ankle joint. 4 cm 
distal, the nerve divides into the intermediate and medial 
dorsal cutaneous nerve. The intermediate dorsal cutaneous 
nerve supplies dorsal sensation to the 4th toe and portions of 
the 3rd and 5th toe and lateral ankle. The medial dorsal cuta-
neous nerve provides sensation to the dorsal surfaces of the 
2nd and 3rd toes and medial ankle and hallux.

Trauma to the nerve is the most common reason for 
entrapment [25]. Activities that place traction on the nerve 
include kneeling and squatting for long periods of time. 
Athletes with chronic ankle instability or lateral ligament 
instability may also stretch the nerve. Dancers with hypertro-
phied peroneals may compress the nerve as it goes from deep 
to superficial [3]. Fascial defects of the lateral compartment 
can also be a site of compression.

 Symptoms

Patients complain of pain at the junction of the distal 1/3 and 
medial 1/3 tibia. Pain starts anteriorly and can radiate to the 
dorsum of the foot. Entrapment distal to the innervation of 
the peroneals has no motor functional loss. 66 % of patients 
will not have any sensory loss [32].

 Diagnostics, Classification

Styf and Moberg described three maneuvers to provoke 
superficial peroneal nerve symptoms [33]. The examiner 
should hold pressure over the potential site of entrapment 
while the patient dorsiflexes and everts the foot against resis-
tance. The examiner can then passively plantarflex and invert 
the ankle. With the ankle in inversion, the course of the 
superficial peroneal nerve course should be percussed.

In the fourth toe flexion sign [34], when the fourth toe is pas-
sively plantarflexed, the skin overlying the superficial peroneal 
nerve is tented. In patients who had a positive sign (26/30), 
injection of anesthetic in this area resulted in numbness in the 
distribution intermediate dorsal cutaneous nerve in all cases. In 
this study, this sign had a100% specificity and 85 % specificity.

 Therapy: Conservative Treatment and Surgery

Superficial peroneal nerve compression related to ankle sta-
bility should have physical therapy that concentrates on 
improving proprioception and lateral ankle stability and 
strengthening. Lateral heel wedges may offload a varus ankle 
[25].

Surgery is performed when conservative efforts fail. 
Before the patient is given anesthesia, the site of nerve com-
pression must be identified. The nerve is released by local 
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fasciotomy where it emerges through the deep fascia. The 
lateral compartment should be released if the compression is 
related to chronic exertional compartment syndrome.

In a study of a complete decompression of the fascial tun-
nel from which the superficial peroneal nerve emerges super-
ficially, 80 % of legs were completely asymptomatic (Level 
IV evidence) [33]. In a study of twelve patients treated with 
a local fasciotomy, all twelve had a resolution of their symp-
toms [35].

 Rehabilitation and Back-to-Sports

The athlete does not have to do any specific rehabilitation 
beyond local wound control. When the wound is healed, the 
patient can slowly begin to resume all activities.

 Prevention

There are no studies that evaluate strategies to avoid superfi-
cial peroneal nerve entrapment.

 Summary

• Nerve entrapment syndromes are under-diagnosed and 
should be on the differential for any chronic foot and 
ankle pain in the athlete.

• A careful history and physical examination are the two 
most important diagnostic tools in the surgeon’s 
armamentarium.

• Conservative management has variable results in nerve 
compression. Most importantly, all possible external 
sources of compression must be removed.

• Surgery can provide excellent relief and a return to sports 
in most patients. Localized decompression is warranted in 
most nerve compression; tarsal tunnel release merits an 
extensive release to decompress all possible sources of 
compression.
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Morton’s Neuroma in Sports
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Abstract

Morton’s neuroma is a common cause of metatarsalgia which characterized by enlargement 
of interdigital nerve possibly due to nerve entrapment. Morton’s neuroma is usually com-
mon among middle age population with female gender predominance. Diagnosis of 
Morton’s neuroma is essentially clinical. Imaging modalities may help to delineate and 
localize the nerve lesion. Prone position foot MRI is associated with higher visibility of 
Morton’s neuroma. Identification of Morton’s neuroma, as a cause of metatarsalgia, tends 
to be missed by clinicians. Hence, high index of suspicion should be invested for this pur-
pose. Proper footwear awareness should be emphasized among athletes. The cross-training 
shoes are discouraged for long distance running. Local steroid injection may provide tem-
porary relief. Ultrasound-guided injection can improve the localization of injection. 
Neurectomy of the thickened nerve is considered the standard surgical treatment to date. 
Majority of surgeons prefer dorsal approach for first-time excision of Morton’s neuroma 
despite of its limited exposure reserving the plantar approach to the revision cases. Plantar 
surgical approach provides direct anatomical access and allows wide exploration of the area 
of neuroma. Recurrent neuroma is a major concern after neurectomy. Deep burial of nerve 
stump within the intermetatarsal soft tissues might minimize the risk of recurrent neuroma 
formation.

Keywords

Interdigital neuroma • Intermetatarsal neuroma • Metatarsalgia • Morton’s neuroma • 
Neuralgia

 Introduction

Neuroma is a thickening of the nerve tissue due to irritation 
or compression. Morton’s (interdigital) neuroma is typically 
located in the 3rd or 2nd intermetatarsal space [1]. It 
acquired its eponym after Thomas George Morton who 
reported this condition in 1876 [2]. In fact, Civinini and 
Durlacher preceded Morton in describing such a condition 
in 1835 and 1845, respectively [3, 4]. Later on, many syn-
onyms were suggested to describe Morton’s neuroma such 
as: Morton neuralgia, Morton metatarsalgia, interdigital 
neuroma and intermetatarsal neuroma. Until recently, no 
agreement exists on a standard medical terminology to 
describe this condition [5].
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 Incidence

Currently, there is no accurate estimate of the incidence or 
prevalence of Morton’s neuroma due to lack of solid epidemio-
logical studies on this condition [6]. Morton’s neuroma is the 
commonest nerve lesion involving the forefoot. It was found to 
be higher at middle age and women. Studies have not proved 
any side predilection. The usual location of the neuroma is the 
third intermetatarsal space followed by second intermetatarsal 
space. Bilateral feet involvement may occur and occasionally 
more than one lesion could be detected in the same foot [1].

 Aetiology and Pathomechanism

The exact cause of development of Morton’s neuroma is not 
yet well known. However, it seems that neuroma formation is 
associated with conditions in which the peripheral nerve is 
subject to irritation or repetitive trauma. Some authors empha-
sized the role of transverse metatarsal ligament in the patho-
genesis of the disease as a compressing structure [1]. Ischemic 
hypothesis was advocated by Giakoumis et al. depending on 
a histological evidence of digital arteries luminal occlusion 
[7]. Poor-fitting footwear particularly high- heeled shoes with 
tight toe box could lead to Morton’s neuroma. Certain foot 
deformities make the foot more susceptible to develop 
Morton’s neuroma such as bunion, flatfoot, and hammertoes.

Morton’s neuroma is associated with some types of sports 
requiring forefoot excessive stress such as: running, dancing 
and racquet (Table 42.1). Repetitive hyperdorsiflexion of 
metatarsophalangeal joint may pull the interdigital nerve 
against the transverse metatarsal ligament leading to nerve 
irritation [8]. Metatarsophalangeal joints are subject to high 
degrees of dorsiflexion during the toe-off phase of running 
gait cycle and in certain ballet dance maneuvers like demi- 
pointe, relevé and grand plié [9]. Certain types of firm foot-
wear may increase the forefoot workload such as 
cross-training and racket shoes and thus should be avoided 
especially during the long distance running [10].

 Symptoms and Signs

Patients with Morton’s neuroma mainly present with neuro-
pathic forefoot pain in the form of tingling, burning and 
numbness, and often in association with metatarslagia. 

Occasionally, some patients report a subjective feeling of 
something like a firm particle inside the ball of the foot, ele-
vated ridge in the shoe or sock fold. Tight shoes and weight 
bearing aggravate symptoms of neuroma, while removal of 
compressive shoes, and performing a foot massage help to 
relieve the symptoms.

 Classification

Up to our knowledge, no classification system of clinical 
value is available for Morton’s neuroma.

 Diagnostics

Diagnosis of Morton’s neuroma is established mainly on 
clinical basis [1]. Obtaining a thorough medical history is 
vital. Physical examination helps the physician to elicit signs 
of the disease. Meticulous palpation of metatarsal head and 
metatarsophalangeal joint may give a clue about possible 
metatarsophalangeal synovitis or Freiberg’s disease. Web 
space tenderness is usually present. Mulder sign can be elic-
ited by compressing the metatarsals against each other while 
the examiner’s contralateral thumb perceives a click on the 
plantar surface of the target web space. Sensory deficit can 
be found in some cases. Positive Tinel’s sign at the tarsal tun-
nel indicates that the nerve is entrapped on higher level [10].

Weight-bearing plain radiographs are essential to exclude 
other causes of metatarsalgia such as metatarsal stress frac-
ture and Freiberg’s disease [11]. Magnetic Resonance 
Imaging (MRI) and Ultrasonography (US) are useful 
adjuncts to demonstrate the suggestive signs of Morton’s 
neuroma. However, presence of nerve lesion without remark-
able neuroma formation is possible [1]. On the other hand, 
interdigital nerve enlargement can be detected in asymptom-
atic population [12]. These factors limit the value of imaging 
diagnostic tools and in turn stress on clinical diagnostic role 
of Morton’s neuroma. Further, a recent meta-analysis has 
shown no remarkable difference between MRI and US in 
terms of diagnostic ability for Morton’s neuroma [13].

MRI showed high sensitivity (87 %) and specificity 
(100 %) for Morton’s neuroma detection [14]. Prone position 
MRI with foot in plantar flexion significantly enhances the 
visibility of Morton’s neuroma. Morton’s neuroma can be 
visualized on T1-weighted MRI images as an isointense 

Table 42.1 Sports associated with a higher risk of Morton’s neuroma

Sport type Specific risky maneuvers

Running Excessive MTPJ hyperdorsiflexion in toe-off stage during running gait cycle
Long distance running with cross-training shoes.

Dancing Ballet (relevé, grand plié, demi-pointe)

Abbreviations: MTPJ Metatarsophalangeal joint
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well-defined mass relative to muscle tissue and hypointense 
area on T2-weighted MRI images relative to fat [15].

Histologic examination of the excised neuromas is per-
formed routinely in some centers to confirm the diagnosis 
[16]. The main histologic findings are prominent fibrosis, 
edema, nerve demyelination, hyalinization and partial oblit-
eration of blood vessels and degenerative changes [7]. 
Strikingly, presence of these histologic changes was demon-
strated histologically in interdigital nerves of asymptomatic 
individuals [17].

In opinion of authors, persistent forefoot pain after Weil 
osteotomy for metatarsalgia should alert the surgeon about 
the possibility of missed Morton’s neuroma as the primary 
etiology of pain. The foot specialist should pay attention to 
other causes of metatarsalgia, which may mimic presentation 
of Morton’s neuroma such as; metatarsophalangeal synovi-
tis, plantar plate disruption, ganglion, stress fracture, rheu-
matoid nodule and metatarsal head avascular necrosis [16, 
18, 19]. In few occasions, forefoot neoplastic conditions 
could be confused with Morton’s neuroma [20].

 Therapy

Early detection of the disease at its initial stages is likely to 
yield a satisfactory outcome with conservative remedies. It is 
imperative to counsel patients with Morton’s neuroma to mod-
ify their lifestyle in terms of substituting poor-fitting footwear 
with accommodative wide toe box shoes and avoiding activi-
ties with a potential harm to the diseased nerve. Athletes 
should avoid cross-training shoes [10]. Padding can help sup-
porting the metatarsal arch and keeping the metatarsal bones 
apart from each other to relieve the relatively crushed nerve in 
between. Similarly, the use of a metatarsal bar is a good option 
as it works by shifting the body weight force away from the 
forefoot and offloading the area of interest.

Steroid injections became a reasonable option after 
exhaustion of the conservative means and before considering 
surgical intervention. Some researchers advocate the use of 
ultrasound (US) as an adjunctive tool to ensure proper place-
ment of injection. Adding to the cost of US, obstruction of 
the dorsal field of injection by the US transducer remains an 

unfavorable issue for this technique [21, 22]. Combining 
anesthetic agent with steroid showed a better outcome as 
compared to steroid alone for 3 months in a randomized trial 
published by Thomson and co-researchers. Their recom-
mended dose per injection was 40 mg of methylprednisolone 
(1 mL) and 2 % lignocaine (1 mL) [23].

Radiofrequency Thermoneurolysis Therapy (RTT) of 
Morton’s neuroma is an alternative minimally invasive treat-
ment modality with a relatively promising outcome. The 
desired location of ablation is identified clinically before 
intervention [24]. Ultrasound-assisted radiofrequency was 
attempted to increase the accuracy of probe aiming [25]. 
RTT efficacy is still a matter of controversy.

Surgery is indicated when the non-operative treatment did 
not provide relief. It is worth to mention that the current pool 
of literature related to Morton’s neuroma has not provided 
yet an evidence-based answer concerning whether the opera-
tive treatment outweighs the conservative treatment mea-
sures, in terms of a better outcome [6]. Excision is still the 
standard surgical intervention for Morton’s neuromas, which 
were refractory to nonoperative treatment. The ideal surgical 
approach by which the excision can be conducted is a matter 
of debate. A comparison between dorsal and plantar 
approaches for excision of Morton’s neuroma is summarized 
in Table 42.2. Division of the intermetatarsal transverse liga-
ment can improve intraoperative isolation of the neuroma, 
which is usually hidden underneath. Furthermore, ensuring 
that plantar branches of the intermetatarsal nerves are ade-
quately excised, by performing the neurectomy level at 
approximately 3 cm proximal to the intermetatarsal trans-
verse ligament, may minimize the chance of recurrence. 
Plantarly-directed nerve branches tend to adhere to adjacent 
structures, if not resected, and consequently prevent back- 
retraction of stump away from the weight-bearing area 
(Fig. 42.1) [26]. On the other hand, plantar approach is likely 
to end up with a painful surgical scar and subsequent walk-
ing discomfort. Nery et al. suggested that the use of trans-
verse planter incision, if made distally in a relatively 
low-weight bearing area, is associated with lower rate of sur-
gical scar-related complications [27].

In athletes, neuroma resection through plantar incision is 
the authors’ preferred approach. Plantar approach allows 

Table 42.2 Comparison between dorsal and plantar approaches for excision of Morton’s neuroma

Dorsal approach Planter approach

Exposure Limited Adequate

Wound healing No significant problems Occasional painful scarring

Transverse metatarsal ligament Division is often needed to access proximal part 
of neuroma

It is possible to leave it intact

Weight bearing Early Delayed

Recurrence Higher Less

Patients’ satisfaction No difference No difference
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complete resection of neuroma without need to section the 
transverse metatarsal ligament. The plantar skin is incised 
longitudinally over the affected interspace. Care to be taken 
to keep the incision away from the high-pressure areas under 
the metatarsal heads. Soft tissue meticulous dissection is car-
ried out to explore the neuroma. Generous resection of the 
thickened nerve is conducted. After neuroma excision, the 
proximal nerve end should be concealed within the intermeta-
tarsal soft tissues to minimize stump neuroma formation.

Some foot surgeons advocate endoscopic nerve decom-
pression by selective division of the transverse intermetatar-
sal ligament without neurectomy. Believing that Morton’s 
neuroma is merely an entrapment nerve syndrome rather 
than a true neuroma makes the rational basis of isolated 
decompression treatment approach [28].

In recurrent neuromas, the plantar approach should be con-
sidered as it offers a direct access through which the neuroma 
stump can be easily identified and resected. The presence of 
remarkable scarring around the neuroma stump renders the dor-
sal approach quite demanding nevertheless; Mann and Reynolds 
recommend dorsal approach for redo neuroma resection [29].

 Rehabilitation and Back-to-Sports

Post-operative immediate weight bearing is possible if the 
neuroma was excised through dorsal approach. Full weight 
bearing mobilization is allowed once the plantar surgical 
wound healing is ensured.

 Prevention

Avoidance of footwear with high heels, tapered narrow toe 
box and cross-training firm outsole plays a remarkable role 
of preventing Morton’s neuroma development.

 Evidence

Table 42.3 shows levels of the best available evidence on 
treatment of Morton’s neuroma.

 Summary

 1. The most important differential diagnosis of Morton’s 
neuroma is metatarsophalangeal joint pain.

 2. Magnetic resonance imaging (MRI) for Morton’s neu-
roma is preferred to be done in prone position with foot in 
plantarflexion.

The optimal level
of neurectomy

Plantar-directed
branches

Fig. 42.1 The neurectomy level should be made around 3 cm proximal 
to neuroma lesion to untie the nerve stump from the plantarly-directed 
branches which tend to prevent stump back retraction leading to subse-
quent neuroma formation

Table 42.3 Illustration of selected best evidence available on therapy of Morton’s neuroma

Authors Journal, year Study topic Number of patients Evidence level

Rungprai et al. [30] FAI, 2015 Simple neurectomy versus neurectomy 
with intramuscular implantation for 
interdigital neuroma: a comparative 
study

118 III

Villas et al. [31] FAI, 2008 Neurectomy versus neurolysis for 
Morton’s neuroma

69 III

Nery et al. [27] JBJS Am, 2012 Plantar approach for excision of a 
Morton neuroma: a long-term 
follow-up study

227 IV

Barret et al. [28] Open J Orthop, 2012 Endocsopic Decompression of 
Intermetatarsal Nerve (EDIN) for the 
treatment of mortons entrapment 
multicenter retrospective review

193 IV

Kasparek et al. [1] Int Orthop, 2013 Surgical treatment of Morton’s 
neuroma: clinical results after open 
excision

111 IV
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 3. Morton’s neuroma is found in common with sports requir-
ing forefoot excessive stress and repetitive hyperdorsi-
flexion of metatarsophalangeal joints.

 4. Certain footwear with relatively rigid outsole such as 
cross-training and racket shoes may increase the risk of 
development of neuroma.

 5. Although there is no clear evidence to support superiority 
of a surgical approach over the other in treatment of 
Morton’s neuroma, the authors prefer a plantar incision in 
athletes for neuroma excision as it is not necessary to 
divide the intermetatarsal ligament.
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Soft Tissue Management in the Foot 
and Ankle

Rik Osinga, Andreas Gohritz, Martin D. Haug, 
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Abstract

Successful soft tissue reconstruction of the foot and ankle is challenging and often needs an 
interdisciplinary approach, especially when composite defects are present. This chapter 
provides a coherent concept to treat cases of severe skin and soft tissue damage of the foot 
and ankle. A functional and anatomical subdivision of the foot and ankle region is proposed 
depending on its pressure distribution, soft tissue quality, zones of shear and the structural 
anatomy. A treatment algorithm, highlighted by two clinical cases, is presented considering 
common and well established local, regional and micro-surgical reconstructive options to 
restore maximum sensibility, motor function and aesthetics.
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 Introduction

The ankle and foot region are highly specialized regions of the 
lower extremity. To bear body weight in an upright position and 
to efficiently allow locomotion, evolution has led to a func-
tional structure that is only covered by a thin layer of soft tissue 
according to the principle ‘form follows function’. The sole of 
the foot plays a key role and provides sensory protection and 
proprioception and its special anatomy allows it to withstand 
high pressure loads and shearing forces due to a unique plantar 
fibro-fatty pad which serves as a hydraulic pressure system.

 Etiology and Pathomechanism

The most common etiologic factors for soft tissue defects of 
the foot and ankle include:

 1. Direct trauma
 2. Postoperative dehiscence
 3. Compartment syndrome
 4. Tumor (e.g. sarcoma)
 5. Infection (incl. osteomyelitis)
 6. Radiation
 7. Vascular insufficiency (arterial/venous)
 8. Diabetes

 Diagnostics, Classification

Patients present themselves with various degrees of soft 
tissue damage. Although it may be a point of discussion 
what qualifies to be called a ‘severe case’, it usually 
involves more than one subunit of the foot and ankle and 
can involve exposed fractures, tendons and neurovascular 
structures.

Preoperative patient evaluation and wound analysis 
includes above all:

• ABCDE principles: Complete trauma evaluation is of 
paramount importance
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• Vascular examination (e.g. palpable pulses, Doppler 
examination)

• Neurological examination
• Assessment of size, depth, and involvement of vital struc-

tures of the wound
• Radiographic examination (X-ray, CT, MRI)
• Comorbidities, general and nutrition status
• Personal history

 Principles of Reconstruction

Treatment depends on size, depth and localization of the 
wound and the exposure of vital structures such as nerves/
vessels, bone and tendons. In the foot and ankle region, res-
toration of plantar proprioception, sensibility, bony stability 
and freely moving joints is of paramount importance for 
early mobilization and weight-bearing and thus for rehabili-
tation and social reintegration of the patient. In particular, the 
integrity of skin over a sufficient layer of soft tissue allows 
unimpaired shoe wearing in the abscence of ulcer or pain.

 General Principles

 1. Surgical debridement of all devitalized tissue to obtain 
healthy wound bed

 2. Restoration of vascularity, bony stability, structure and 
joint function

 3. Obliteration of dead space
 4. Durable coverage of vital structures (e.g. bone, tendon, 

nerves and vessels)
 5. Minimal donor site morbidity
 6. Adaequate aesthetic result

 Timing of Reconstruction

If not contraindicated by life-threatening injuries or comor-
bidities, soft tissue replacement requires an orderly progres-
sion of interventions. Godina in 1986 [1] pronounced that 
any open lower extremity wound should be closed as imme-
diately as possible, although this is logistically not always 
possible. It is nowadays believed that closure in the acute 
wound phase (first week) is needed, especially if bone, ten-
don, nerves and vessels are exposed.

 Surgical Debridement

Surgical debridement is imperative and reduces the risk of 
infection. Therefore, all devitalized tissue must be removed, 
even if it were of structural importance until only viable 

 tissue remains. Furthermore, tissue samples for microbio-
logical analysis and histology to identify possible osteomy-
elitis should be taken.

 Fracture and Vessel Management

Fractures must be reduced by an orthopedic or podiatric 
 surgeon and vascular insufficiencies must be restored not 
only to sustain foot viability, but also to preserve the 
 possibility of local foot flaps and potential vascular recipient 
sites for a free flap.

 Wound Conditioning

Negative-pressure wound therapy reduces the frequency of 
dressing changes, minimizes patient discomfort and prevents 
wound desiccation. It enhances the formation of granulation 
tissue and facilitates wound contracture, therefore it may some-
times result in spontaneous healing of a small defect or allow 
the use of an autologous skin graft only. However, the risk of an 
unstable scar and an insensible scarred area, where contracture 
can impair joint function and cause nerve compression, 
remains. For the vast majority of cases therefore, it is nothing 
more than a bridge to the definitive method to restore soft tissue 
and skin integrity. Then, the newly formed granulation tissue 
would have to be removed before coverage with a flap.

 Subunit Reconstruction

The foot and ankle region is divided into anatomical 
subunits:

 1. Ankle (including Achilles tendon)
 2. Dorsum of the foot
 3. Sole of the foot

 Single Subunit Reconstruction

If only one subunit of the foot or ankle region has been dam-
aged, soft tissue integrity is restored by using the reconstruc-
tive algorithm consulting the full armamentarium of 
reconstructive options from skin graft over pedicled flaps to 
free flaps [2].

 Multiple Subunit Reconstruction

If more than one subunit is involved, a pedicled or free flap is 
considered to be the gold standard. A free flap provides the 
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possibility to reconstruct large soft tissue defects, allows 
adaptation of the thickness of the flap, can avoid skin graft-
ing and is greatly independent in placement of the flap 
because of little constraint of the vascular pedicle.

 Principles of Subunit Reconstruction

Early descriptions of the subunit principle divided the foot 
and ankle into various zones according to the  need of spe-
cific tissue requirements [3]. For example, the highly spe-
cialized glabrous skin of the planter surface of the foot is 
difficult to replace with a durable yet thin flap. The dorsum 
of the foot on the other hand must also be thin, but the final 
aesthetic appearance is of much greater importance. This 
also counts for the ankle, but any restriction of motion is a 
functional concern.

The subunit principle has been updated [4, 5] so that any 
flap selected must meet the functional an aesthetic demands 
of the zone given, with bulk or contour that does not impede 
the use of shoe wear and proper amulation.

 Pressure Zones of the Foot

Literature distinguishes between direct and indirect pressure 
zones of the foot and ankle [4]. Direct pressure is applied on 
the sole of the foot, where four zones are distinguished 
(Fig. 43.1): P1: Plantar 1 = heel, P2: Plantar 2 = lateral border 
of the foot and metatarsal II-V, MT1: Metatarsal I, IS: 
InStep = arch of the foot. Indirect pressure is applied on the 
dorsum (D), on the malleoli (M) and on the calcanear region 
(C) (Fig. 43.2). Between the direct and indirect pressure 
zone is a transition zone, where high shear forces are applied 
and scars should be minimized.

Several donor sites for free flaps provide enough tissue to 
cover a single subunit, but may not be able to provide enough 
volume and surface for the typical mangled foot and ankle 
deformity which by definition involves two or more subunits 
simultaneously. Therefore, local foot flaps [6, 7] and distally 
based neurocutaneous flaps from the more proximal lower 
leg [8] are inadequate in the mangled foot and ankle. Used 
often in the last century as an alternative to free flaps, a cross- 
leg flap could be an option despite long-term limb immobili-
zation and need for a staged procedure in very special 
indications [9].

 Reconstructive Options and Evaluation

A variety of local, regional and free flaps have been described 
as reconstructive options. Table 43.1 gives an overview of 
the most clinically relevant fascial, fascio-cutaneous and 

muscle flaps, the type of flap perfusion is not considered. To 
select the right flap best matching the patient’s needs, the 

Fig. 43.1 Zones of direct pressure. P1 Plantar 1 = heel, P2 Plantar 2 = lat-
eral border of the foot and metatarsal II-V. MT1 Metatarsal 1. IS instep 
area of the foot [4] (Used with permission of © Georg Thieme Verlag KG)

Fig. 43.2 Zones of indirect pressure. D dorsum, M malleolar region, C 
calcanear region, P1 Plantar 1 = heel, P2 Plantar 2 = lateral border of the 
foot and metatarsal II-V [4] (Used with permission of © Georg Thieme 
Verlag KG)
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surgeon has to take into account both morphology and type 
of involved tissues (muscle, tendon, fascia, skin) of the defect 
as well as the functional and anatomical features of the 
according subunit.

The evaluation of the quality of the reconstructive option 
is dependent on the morphological structure and type of tis-
sue (muscle, fascia, skin) and must consider the functional 
and anatomical properties of the zones described in Figs. 43.1 
and 43.2. Tissue volume, donor site morbidity, microsurgical 
possibility of resensitisation, the ability to withstand shear 
and pressure and the thickness of the transplanted flap must 
be considered (Table 43.2).

 Treatment Algorithm

The evaluation of the pressure zones proposed and the recon-
structive options discussed allow the surgeon to select a flap 
for a defined defect (Table 43.3).

 Regional Propeller Flaps

These recently devised local island fascio-cutaneous flaps are 
based on a single dissected perforator [10]. They are designed 
like a propeller with two blades of unequal length with the 
perforator forming the pivot point so that when the blades are 
switched, the long arm fills the defect. The ability of this flap 
to rotate any angle up to 180° makes it extremely versatile 
for reconstructing defects of the distal lower extremity where 

it was  originally conceived. They are useful around the ankle 
joint, including the medial and lateral malleolus, which are 
common sites of poor healing following compound fractures 
and internal fixation (Figs. 43.3, 43.4, 43.5, and 43.6).

 Special Considerations Regarding 
the Reconstruction of Specific Subunits

 Ankle Reconstruction

Ankle defects require not only wound coverage, but also 
regional restoration of form, function and aesthetics 
(Figs. 43.3, 43.4, 43.5, and 43.6).

 Achilles Tendon Reconstruction

Achilles tendon defects often occur in infected wounds and 
may require tendon debridement and biopsies, before com-
posite reconstruction can be initiated (Figs. 43.7, 43.8, and 
43.9).

 Ankle Reconstruction – Composite Defects

Soft tissue defects are frequently complicated by additional 
segmental bone defects, mainly of traumatic origin directly 
or due to pseudarthrosis or osteomyelitis.

Table 43.1 Reconstructive options of the foot and ankle

Local Regional Free flap

Fascio-cutaneous Perforator flaps
Plantar instep flap
Supramalleolar flap

Sural flap
Propeller flap
Plantar instep flap

Lateral arm flap
Scapula/parascapular flap
Anterolateral thigh flap
Plantar instep flap

Muscular Abductor hallucis flap
Abductor digiti minimi flap

Peroneus brevis flap Gracilis flap
Latissimus dorsi flap

Fascial Adipo-fascial flap Adipo-fascial flap
Dorsal pedis flap

Serratus anterior flap
Temporal artery fascia flap

Table 43.2 Evaluation of quality of reconstructive options

Type of flap Defect – size Sensibility Pressure Shear Thickness

Local flaps ––– + +++ +++ +++

Plantar instep flap (pedicled) ++ +++ +++ +++ +++

Plantar instep flap (free) ++ +/− +++ +++ +++

Sural flap ++ – + ++ ++

Free fascio-cutaneous flap +++ +++ + ––– +/−

Free muscle flap +++ – ++ ++ +++

Used with permission of © Georg Thieme Verlag KG
+++ very good, ++ good, + fair, +/− indifferent, − not so good, − − poor, − − − very poor
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Table 43.3 Algorythm for flap selection for foot and ankle reconstruction

Foot subunit Defect size Flaps

P1 Small Local rotation or transposition flap, plantar rotation flap

Large Pedicled/free plantar instep flap, gracilis flap, latissimus dorsi flap + SSG

P2 Small Local flap, plantar rotation flap

Large Free plantar instep flap, gracilis flap, latissimus dorsi flap + SSG

C Small Supramalleolar flap, sural artery flap, perforator flap

Large Free gracilis flap

Achilles Tendon Sural artery flap, lateral arm flap (tendo-osteo-fascio-cutaneous, distal part of the triceps tendon)

M Small Supramalleolar flap, perforator propeller flap

Large Sural artery flap, lateral arm flap, anterior lateral thigh flap

D Small Local/rotation flap

Large Lateral arm flap, serratus anterior flap, temporal artery fascia flap, groin flap

SSG split skin graft

Fig. 43.3 Supramalleolar lateral ankle defect. Ventral incision to raise 
a propeller flap based on a perforator of the fibular artery. The foreceps 
are next to the perforator, indicating the pivot point

Fig. 43.4 Completely mobilized propeller flap

Fig. 43.5 Propeller flap turned 180° to completely cover the defect

Fig. 43.6 Propeller flap at the end of the operation
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 Osteo-cutaneous Composite Flaps

Various composite (osteo-cutaneous) donor sites have proven 
useful [11]:

• Fibula flap
• Iliac crest flap
• Serratus anterior and rib
• Scapula/Metatarsal bone/Radius
• Lateral arm flap with bony component
• Medial femur condyle

Alternative techniques are

• Fascio-cutaneous flaps combined with bone grafts
• Ilizarov technique (ring fixateur for callus distraction of 

the lower leg, but not for the ankle and foot)

 Composite Ankle Reconstruction

Osteo-myo-cutaneous chimeric flaps are composed from 
multiple components harvested from the same donor site, 
e.g. scapula bone, serratus anterior muscle and the thora-
codorsal artery perforator (TAP) flap.

 Reconstruction of the Dorsum of the Foot

A close relation exists between the anatomy and function in 
this region regarding thin skin coverage of the dorsum of the 
foot, the extensor tendons and various sensory nerve 
branches. Composite defects mostly occur due to traumatic 
origin or due to postoperative deformities and have to be 
evaluated individually.

 Sole Reconstruction

Reconstructions in this region should primarily be sensible 
and withstand pressure and shear stress through good cush-
ioning properties. Secondarily, they should restore form 
(contour, no bulking), function (tendon, bone, joint), sensi-
bility and aesthetics (skin colour, no patchwork) [12–17].

Various concepts have been devised regarding coverage 
of the sole of the foot :

 1. Muscle Flaps with Split Skin Graft (SSG)
These methods, e.g. the latissimus dorsi muscle flap and 
SSG provide a good cushioning, but no sensibility.

Fig. 43.8 Wound after debridement and with extended lateral arm flap 
including fascio-tendineous component taken from the distal triceps ten-
don to reconstruct the Achilles tendon after microvascular anastomosis

Fig. 43.9 Flap after wound closure

Fig. 43.7 Chronic infected wound with exposed, sutured Achilles 
tendon

R. Osinga et al.
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 2. Fascio-cutaneous Flaps
Fascio-cutaneous muscle flaps often provide sensibility, 
but have proven suboptimal regarding the shearing stress 
forces specific to the sole of the foot.

 3. Local Plantar Instep Pedicled Flaps
The plantar instep flap can be used as
• Instep Island Flap
• Distally pedicled Instep Flap
• Cross-foot Instep flap
A pedicled instep island flap is useful to cover the heel or 

metatarsal region.
Distally pedicled instep flaps are well-suited for forefoot 

defects (cross-foot instep flap). If a pedicled flap is impossi-
ble, microsurgical transplantation may be used.

 Rehabilitation and Back-to-Sports

Postoperative flap monitoring is essential as almost all anas-
tomotic failures occur within the first 3 days. Rehabilitation 
starts by dangling and walking protocols depending on the 
overall the extent of injury and involvement of other body 
systems. Edema management requires limb elevation for an 
indeterminate period. Shoewear should avoid constriction at 
the recipient site and pressure on the flap, especially if sen-
sation is impaired. Usually, long-term secondary procedures 
require flap re-elevation, e.g. if bone grafting is needed. 
Care must be taken while raising the flap not to compromise 
its perfusion. Often, flap contours need readjustment, espe-
cially to reduce bulk, which can be avoided by using a mus-
cle flap atrophying over time. Instability of the flap, 
especially due to intrinsic mobility or wobbling, is most 
commonly seen over the heel and a concern both for muscle 
and perforator flaps that may also need correction.

Evidence 

The advice given in this book chapter is based on case series 
and therefore Evidence Level IV according to the Oxford 
Centre for Evidence-based Medicine.

 Summary

Five most important points in one to two sentences each.

 1. The decislon to salvage the mangled foot and ankle 
requires thorough preoperative planning, infection con-
trol by surgical debridement and stable osteosynthesis.

 2. Early single-stage reconstruction with soft tissue or compos-
ite flaps are feasible and provide many distinct  advantages 

compared to multiple stage procedures. Flap choice depends 
on an algorithmic approach based on a subunit adapted 
reconstruction system.

 3. Although almost all soft tissue defects may be covered 
today using modern sophisticated techniques (including 
microsurgery), each patient must still be treated individu-
ally taking into account his physical, social, psychologi-
cal and also economical needs.

 4. The ultimate goal is to maximize restoration of the 
patient’s lifestyle with the best possible ability to ambu-
late with absence of pain and ulcerations, unimpaired 
shoe wearing and full weight bearing and, if possible, to 
perform sports independently again.
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Aerobic and Fitness Sports

Christian Plaass, Christoph Becher, 
and Hauke Horstmann

Abstract

Training in health clubs is in many countries rated as the most performed sports activity. 
The general risk of injuries is low during aerobic and fitness sports and most injuries are due 
to overuse. Especially the Achilles tendon and the plantar fascia are at risk to become 
inflamed. Shin splints and stress fractures can also develop. Most overuse injuries can be 
prevented or treated by adequate regeneration periods, shoe-wear and training 
modifications.

Changed training methods and the introduction of unstable surfaces in the training can 
increase the risk of acute ankle sprains, which also occur during aerobics especially when 
using steps and in exhausted athletes. The treatment of these acute injuries follows the gen-
eral principles for these injuries.

Keywords
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 Injuries

Nearly three-quarters of all injuries in aerobics and fitness 
sports are chronic injuries [1]. The tendinous structures are 
especially at risk from overuse.

 Achilles Tendinitis

Painful swellings around the Achilles tendon are common in 
these sports. Mid-portion and insertional Achilles tendinitis 
should be differentiated in patients.

 Shin Splints and Stress Fracture

Shin splints are a common cause of pain. Patients experi-
ence pain on the distal tibia, especially after long training 
pauses, technique change or too rapid increase in training 
intensity.

Another overuse injury described in aerobics is stress 
fracture. These happen most often in the lesser metatarsal 
bones and begin with either slowly developing pain over 
days or a sharp onset of pain. Swelling in the foot and lower 
leg is also common. If not treated properly this can cause 
ongoing pain.

 Ankle Sprain

Ankle sprains can occur during aerobics or training on 
unstable surfaces as is proposed in some newer fitness 
plans. These are also more likely and can be more severe 
when training with additional weights or during 
exhaustion.

C. Plaass, Dr. Med (*) • C. Becher, PD, Dr. Med 
Orthopedic Clinic, Hannover Medical School,  
Anna-von-Borries Strasse 1-7, 30625 Hannover, Germany
e-mail: Christian@Plaass.de; Christoph.Becher@ddh-gruppe.de 

H. Horstmann, MD 
Orthopedic Clinic, Hannover Medical School,  
Anna-von-Borries Strasse 1-7, 30625 Hannover, Germany 

Institute of Sports Medicine, Hannover Medical School,  
Carl-Neuberg Strasse 1, 30625 Hannover, Germany
e-mail: Horstmann.Hauke@mh-hannover.de

44

mailto:Christian@Plaass.de
mailto:Christoph.Becher@ddh-gruppe.de
mailto:Horstmann.Hauke@mh-hannover.de


408

 Plantar Fasciitis and Heel Spurs

The plantar fascia can become inflamed, resulting in pain on 
the underside of the foot. This can be severe and hinder the 
patient from walking properly.

 Forefoot Injuries (Metatarsalgia, Sesamoiditis 
and Lesser Toe Deformities)

Forefoot complications are another problem frequently 
reported by patients participating in aerobics and fitness 
sports. Patients report a sharp or dumb pain under the meta-
tarsal heads, mostly under the second and third. Pain under 
the sesamoids can be due to an inflammation or even fracture 
of the bones. In jumping sports such as aerobics deformities 
of the lesser toes can develop, with pain due to the develop-
ment of horns dorsally on the proximal interphalangeal joints 
or on the fingertips.

 Etiology and Pathomechanism

 Achilles Tendinitis

Achilles tendinitis is often caused by chronic overload of the 
tendon or typically by technique errors during exercise. One 
common technique error in step aerobics is poor foot place-
ment on the bench. When the foot is not fully positioned on 
the bench, the heel can drop below the top of the step and the 
tendon gets repeatedly stretched causing an Achilles tendini-
tis [2]. Further causes of Achilles tendinitis are the shorten-
ing of the calf muscles and tightness of the large muscles in 
the back of the leg as well as incorrect footwear.

In fitness sports the use of elliptical trainers – often suggested 
for general foot and ankle rehabilitation training – can lead to 
overload problems of the Achilles tendon. Elliptical trainers 
simulate a movement similar to Nordic skiing. This allows a 
whole body, low impact workout with controlled movement. 
Nevertheless in our experience, due to the repeatedly forced 
dorsal extension of the ankle and push off, this can lead to irrita-
tion of the tendons. As the machines are of a standardized size 
this tends to affect smaller exercisers as they are forced into 
greater dorsal extension at the end of the movement (Fig. 44.1).

 Stress Fractures and Shin Splints

Stress fractures and shin splints are caused by repeated loads 
on the foot or ankle that exceed the strength and repair poten-
tial of the bones. They occur mostly when the progression of 
training activity is too rapid, the training plan is changed or 
with inadequate equipment. Despite conflicting results poor 

shoe selection and non-resilient surfaces are generally 
thought to contribute to the development of these overuse 
injuries. One technique error that can increase the risk of 
stress fractures during step aerobics is bouncing or hopping 
up and down off the bench instead of stepping. Another issue 
is the step height; an increase in bench height will increase 
the load on the leg and foot and thus the risk of the develop-
ment of stress fractures [2].

 Ankle Sprain

Ankle sprains in aerobics and fitness are often a result of 
fatigue or insufficient technique. Towards the end of aerobic 
classes athletes can tire, consequently hitting the step awk-
wardly and slipping causing a distortion. In fitness sports the 
increasing use of destabilizing equipment such as a BOSU® 
leads to increasing numbers of sprains. The addition of 
weights can further increase the distorting force making the 
injury more severe (Fig. 44.2).

 Plantar Fasciitis and Heel Spurs

Plantar fasciitis and heel spurs can be caused by frequent 
stress on the plantar aspect. Forefoot and rearfoot instability, 
with excessive pronation, or tightness of the calf muscles 
may result in plantar fasciitis.

 Forefoot Injuries (Metatarsalgia, Sesamoiditis 
and Lesser Toe Deformities)

Often the repetitive high loads on the foot, especially the 
forefoot, can cause metatarsalgia or sesamoiditis. In aerobics 

Fig. 44.1 On elliptic trainers the feet are forced in repeated loaded 
dorsi-flexion of the ankle, which can lead to irritations of the Achilles 
tendon insertion
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the bench height and the position where the foot lands influ-
ence the impact on the foot during training. Using a higher 
step increases the forces due to higher impact and larger 
steps. Furthermore, when the foot lands further away from 
the step, it requires a lot of flexibility in the toe joints, which 
can overload the plantar structures. If the participant’s foot 
has structural deformities of the metatarsals or lesser toes the 
likelihood of developing metatarsalgia or sesamoiditis is 
increased. Inadequate shoe wear increases the risk of devel-
oping symptoms.

 Epidemiology

The number of members of health clubs is increasing world-
wide, for example in the United States health club member-
ships have increased from 41.3 million in 2005 to 58.5 
million in 2013 [3]. With 61 % participation rate, training at 
health clubs is rated as the most performed sports activity 
[4]. The average usage is approx. 90 visits/year [3, 5]. 
Twenty-four million people participate in aerobic dancing in 
the United States.

The mean rate of injuries is 7.8/1000 training hours in 
recreational fitness activities, leading to a physician visit rate 
of 9.5 % of all injured patients [6]. Specifically, injury rate is 
3.1/1000 h for CrossFit® [7] and 1.8 to 2.7/1000 h for aero-
bics [8]. Despite the general low incidence the high number 
of participants makes these injuries relevant. Up to a third of 
the injuries concern the ankle or the foot, respectively [9, 
10]. The ankle region suffers from acute injury in approx. 
60 % of injuries [6].

In aerobic instructors 73 % of injuries of the lower 
extremity are chronic and mostly tendinopathies (up to 
21 % of all injuries) [1], in which Achilles tendinopathy 
makes up to 18.3 % [11]. Shin splints are the most often 
occurring injury in aerobics, causing approx. 40 % of 
injuries [12].

Fatigue is attributed as the primary cause of injury, with 
secondary factors being the type of floor, footwear or step 
used [9, 11].

In recent years new training techniques such as insta-
bility resistance training and CrossFit® have gained 
increasing popularity and may change injury patterns and 
rates [7].

a b

Fig. 44.2 Ankle sprains can occur during aerobic and fitness sports. Athletes are at a higher risk when for example hitting the step during aerobics 
wrong (a) when getting exhausted or using unstable surfaces, like a BOSU® (b)
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Patients with a history of injuries were at least twice more 
likely to sustain similar injuries, compared to uninjured par-
ticipants [9].

 Therapy (On the Field, Conservative 
and Surgical)

 Achilles Tendinitis

The primary therapy of Achilles tendinitis is conservative. 
Initial therapy consists of the classical RICE concept of Rest, 
Cooling, Compression and Elevation. In addition to RICE, 
local application of anti-inflammatory medication as well as 
drugs such as NSAIDs and arnica can be applied. After the 
acute phase physiotherapy should be considered. In most 
patients cooling, friction therapy, ultrasound and excentric 
training are the most important techniques, but therapy has to 
be individualized, which includes all forms of osteopathy, 
e.g. including the Fascial Distortion Model. The training 
technique should be evaluated with the trainer and physio-
therapist and modification of external factors (shoe wear, 
training floor) should be considered. In chronic cases, addi-
tional shock wave therapy, oral low-dose aspirin or sclero-
therapy may be applied. Surgery is reserved for severe and 
therapy-resistant patients.

 Stress Fractures and Shin Splints

Treatment for a stress fracture of the foot includes activity 
modification and use of a stiff-soled shoe for approximately 
2–4 weeks after injury. Depending on the location of the 
fracture, immobilization in a cast or use of crutches may be 
needed. Vitamin D and calcium supplementation should be 
considered. Fractures in the fifth metatarsal, talus and navic-
ular bone heal very slowly or may not heal at all due to poor 
blood supply. Longer periods of treatment or surgical inter-
vention may be necessary in order to heal these types of 
fractures.

Shin splint pain is treated with cooling immediately after 
the workout to reduce inflammation. Anti-inflammatory 
drugs accelerate the healing process. Proper stretching before 
the workout, together with a strong set of foot muscles, pre-
vent the onset of shin splints (see chapter 17 and 19).

 Ankle Sprain

Depending on the clinical finding diagnostic radiology or 
even MRI should be considered to exclude accompanying 

lesions. Although initial treatment is conservative in general, 
surgery may be appropriate for high-level athletes.

After a period of rest, mobilizing and stabilizing therapies 
should be performed by a physiotherapist. The Fascial 
Distortion Model may be used. The application of local 
NSAIDs or other anti-inflammatory medications promote 
recovery. In patients with suspected ligamentous lesions an 
orthesis is recommended for 6 weeks. Surgery is indicated 
when concomitant lesions are found, in high-performance 
athletes or with persistent instability or pain after sufficient 
conservative treatment.

 Plantar Fasciitis and Heel Spurs

Initial therapy with the physiotherapist should include 
stretching of the flexing structures, from the gastrocnemius 
complex to the toes, and friction therapy. Ultrasound and 
electrophoresis can be added. Shock wave therapy shows 
good results in otherwise therapy-refractory patients. Shoe 
wear modifications including individual-adapted soft– 
bedding in the shoes should be used (see Chap. 21).

 Forefoot Injuries (Metatarsalgia, Sesamoiditis 
and Lesser Toe Deformities)

Potential risk factors during training should be identified. 
Recognizing actions that place high stress on the forefoot 
and applying training modifications to avoid these are 
most efficient. Furthermore, as shortening of the calf 
muscles are a risk factor for these injuries, adequate 
stretching should always be emphasized for these 
patients. The use of anti- inflammatory drugs should be 
considered. Shoe wear modifications with individualized 
soft-beddings for the forefoot and retrocapital support 
are most important.

 Rehabilitation and Back-to-Sports

 Achilles Tendinitis

After the acute phase of the injury has passed a controlled 
rehabilitation and back-to-sports schedule should be used. 
High impact exercises and those with dorsal extension of the 
ankle should be avoided initially.

Proper footwear for the specific type of exercise should be 
worn. Resumption of an exercise program should be slow 
and gradual, with an emphasis on proper and sufficient 
stretching and limbering warm-ups.
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 Stress Fractures and Shin Splints

Monitoring of the healing progress of stress fractures is best 
done clinically. Radiologic and MRI findings often do not 
correlate well with clinical symptoms. It is most important to 
select the appropriate footwear and start out slowly when 
returning to an exercise program. Increments of no greater 
than 10 % of the training intensity and volume per week are 
recommended when restarting training.

 Ankle Sprain

An early return to fitness sports on resilient floor surfaces is 
often possible using stabilizing orthoses, as most exercises are 
performed under controlled conditions. Elliptical trainers and 
bikes without cleats can be used. Training on unstable surfaces 
and aerobics can be started after achieving sufficient proprio-
ception and should be done in close cooperation with the treat-
ing physiotherapist. Initially an ankle orthosis should be worn.

 Plantar Fasciitis and Heel Spurs

When returning to sports the athlete should start with low 
impact exercise, for example biking or elliptical training. 
Weight lifting sports, especially using the upper extremities, 
can usually be continued during treatment for a plantar 
fasciitis.

 Forefoot Injuries (Metatarsalgia, Sesamoiditis 
and Lesser Toe Injuries)

The primary focus of the rehabilitation protocol should be 
stretching exercises for the calf muscles. On returning to 
sport adequate shoe beddings should be utilized to allow 
pain-free mobility. Exercises to strengthen foot muscles 
should be done regularly.

 Prevention

 Achilles Tendinitis

In sports with frequent side–to-side movements, such as aer-
obics, participants who do not wear special stabilizing shoes 
have been shown to be at increased risk of injury [8]. Newer 
studies do not support this, but possibly because athletic 
shoes have been designed for some time to reduce excessive 
movements of the rear foot [11].

Correct technique during exercise should be checked. 
In step aerobics the height of the step is especially 
important; lower steps decrease the load on the joints 
without significantly reducing the efficiency of the 
exercise.

Lifting of the heel during push off on elliptical trainers 
might help to reduce the risk of injury recurrence. Warm up 
and down, including stretching exercises, should be per-
formed conscientiously.

 Stress Fractures and Shin Splints

The best way to avoid a stress fracture of the foot when 
starting an exercise program is to start slowly and follow 
a sensible high quality program. Increasing the intensity 
by 10 % per week has been shown to be an appropriate 
goal.

 Ankle Sprain

Correct stabilizing shoe wear, especially in sports with many 
sideways movements like aerobics, are essential to lower the 
rate of sprains. In fitness sports unstable resistance training 
uses lighter weights than conventional training, therefore the 
athletes are tempted to increase the weights more quickly. 
Exercises to enhance the ability of proprioception should be 
done on a regular basis.

 Plantar Fasciitis and Heel Spurs

Shoes with proper support in the arch often prevent plantar 
fasciitis.

Both plantar fasciitis and heel spurs can be avoided by a 
proper warm-up that includes stretching the band of tissue on 
the underside of the foot. In patients with even mild hindfoot 
deformities custom made insoles may help to decrease shear 
stresses on the Achilles tendon.

 Forefoot Injuries (Metatarsalgia, Sesamoiditis 
and Lesser Toe Injuries)

Proper shoe wear and sufficient warm-up can reduce the risk 
of forefoot injuries. In aerobics bouncing instead of stepping 
on the bench should be avoided and the bench should be 
positioned at the right height. Excessive dorsiflexion of the 
toes can occur during elliptical training or weight-bearing 
lunging but should be avoided.
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 Evidence

All cited publications are level three to four studies.

 Summary

 1. Proper shoe wear is important to minimize the risk of 
acute and chronic injuries during aerobics and fitness 
sports.

 2. Small foot deformities can lead to ongoing foot problems 
in sporting activities and insoles may be necessary.

 3. Correct technique helps to reduce overload injuries. 
Factors to be considered include appropriate bench height 
in step aerobics, gradual progression of weights in func-
tional training (e.g. Crossfit) and lifting of heels on ellip-
tical trainers.
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American Football

Mark E. Magill and Robert B. Anderson

Abstract

It is an understatement to say that American football is a high impact sport. Injuries are 
common; often the result of high-energy trauma and can be quite significant. Given the 
cleat-surface interactions, a multitude of foot and ankle injuries can occur and it is not 
within the scope of this chapter to cover all of these injuries and the intricacies of their 
management. However, a few common injuries will be discussed with a focus on the subtle-
ties to the treatment of American football players who have sustained these injuries. 
Epidemiologic studies are available, unfortunately, level 1 and level 2 studies are for the 
most part not available regarding football related foot and ankle studies. Additionally, sig-
nificant work has been done by the league in conjunction with the senior author to improve 
cleat-surface interactions and this has not been published.

Keywords

American football • Football • Turf toe • Jones fracture • Lisfranc • Achilles tendon rupture 
• Syndesmotic ankle sprain • High ankle sprain

 Turf Toe

 Etiology and Pathomechanism

Turf toe is defined as a disruption of the plantar capsule – 
sesamoid complex. In a study of professional football play-
ers, 85 % of turf toe injuries were secondary to forced 
hyperextension of the great toe [1]. Additionally, shoe wear 
is an important determinant of great toe mobility and should 
be examined during initial evaluation as a possible etiology 
and ultimately, treatment of turf toe.

 Epidemiology

Older population studies of individual university football teams 
and professional athletes showed an incidence of 4–6 cases per 
year [1–3]. In the study of 80 football players alluded to above, 
45 % of players surveyed reported a turf toe at some point in 
their career. Players with a history of turf toe had an increased 
age and an increased duration of  professional football playing 
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years. In a study of collegiate athletes, players were 14  
times more likely to be injured during games as opposed to 
practice [4]. In this study less than 2 % required surgery.

 Therapy (On the Field, Conservative, Surgical)

Initial management begins with maintaining the great toe in 
plantar flexion. A plantar flexion great toe brace or plantar flex-
ion taping of the great toe can be helpful. Weight bearing x-rays 
of both feet should be obtained for comparison, specifically 
sesamoid station and hallux malalignment. Fluoroscopy or 
radiographs with forced dorsiflexion lateral view should be con-
sidered and compared to the uninjured side. Attention is focused 
on whether the sesamoids move distally with dorsiflexion 
(Fig. 45.1). MRI is useful in the diagnostic process and also 
assesses for intra-articular injury or bone contusion. Patients 
with stable injuries can typically be treated non-operatively and 
are placed in either a short or tall boot or a toe spica cast with the 
toe in plantar flexion. Surgical intervention is typically reserved 
for patients who fail conservative management with loss of push 
off strength, instability, or progressive clawing.

 Rehabilitation and Back-to-Sports

Patients with a “classic” but stable turf toe injury typically 
lose 9 days while those that involve a sesamoid fracture lose 
an average 42 days [4].

 Prevention

In the most recent epidemiologic study, football players were 
85 % more likely to sustain a turf toe on third generation arti-
ficial fields compared to grass fields [4]. Shoe wear modifi-
cations with stiffer footplates may be able to help prevent the 
forced dorsiflexion commonly resulting in turf toe injuries, 
however, there are no studies to substantiate this claim.

 Jones Fracture

 Etiology and Pathomechanism

Fractures at the junction of the metaphysis and diaphysis of 
the fifth metatarsal are designated “Jones” fractures. There 
are both biologic and biomechanical reasons for the propen-
sity for fracture and nonunion at this location. Players with a 
cavus foot are at risk for lateral column overload and fracture. 
The lateral portion of the foot outside the supportive foot bed 
of the cleat is also a risk factor for fracture. The blood supply 
in this region is considered a watershed region and thus also 
has a propensity for delayed union and nonunion [5].

 Epidemiology

The NFL surveillance system from 1996 to 2001 noted a 
17.8 % incidence of all foot fractures [6]. The incidence of 
proximal fifth metatarsal fractures at the NFL combines 
between 2004 and 2009 was 3.42 % [7]. Nearly 10 % of 
 players with a fifth metatarsal fracture will have bilateral 
fifth metatarsal fractures.

 Therapy (On the Field, Conservative, Surgical)

Initially, patients can be placed in a tall walking boot and 
weightbear as symptoms allow. X-rays of the foot should be 
obtained and are usually sufficient for diagnosis. MRI and 
CT can assist in diagnosing incomplete or subtle varieties. 
Seventy-six percent of Jones fractures at the NFL combines 
between 2004 and 2009 were treated operatively [7] 
(Fig. 45.2). Conservative management is an option, however, 
it typically requires 6–8 weeks of non-weightbearing in a 
cast or boot and the average time to union is still 21 weeks [8], 
with an inherent risk of refracture.

 Rehabilitation and Back-to-Sports

In a study of collegiate athletes, operative management 
was shown to be a reliable way to return athletes to play 
in an expeditious manner, on average 8.5 weeks from 
 surgery [9] Axial screw fixation, typically performed per-
cutaneously, assists with rehabilitation and minimizes 
refracture risk.

 Prevention

There are no studies to date to look at prevention of Jones 
fractures. However, an orthotic device with a lateral heel 
wedge and lateral forefoot post may help patients with a flex-
ible cavus foot to lessen lateral column overload. Additionally, 
players with a wide foot should be educated on appropriate 
shoe wear so the foot is not outside the foot bed of the shoe 
during weightbearing.

 Lisfranc

 Etiology and Pathomechanism

Lisfranc injuries and midfoot sprains are typically the result 
of high-energy mechanisms. Historically, these were seen 
when the forefoot was fixed to the stirrups of a saddle as a 
rider fell from a horse. In the general population, these are 
most commonly the result of motor vehicle collisions. In 
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Fig. 45.1 (a) Lateral and (b) forced dorsiflexion lateral fluoroscopic images of the hallux shows that the sesamoids do not move with great toe 
dorsiflexion in an NFL player

Fig. 45.2 (a) Lateral and (b) AP imaging of the foot after Jones screw fixation in a collegiate football player
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American football players, these injuries are typically purely 
ligamentous and result from direct compression of the mid-
foot (37 %), twisting injury with the forefoot cleats fixed 
(50 %), or direct axial impact on the heel by an opposing 
player on a fixed foot [10]. There are many variations in 
injury patterns because of these varied mechanisms. Of inter-
est, it is the non-contact twisting mechanism that appears to 
be increasing in the sport. This mechanism often results in a 
proximal extension of the ligamentous injury to involve the 
intercuneiform and naviculo-cunieform joints.

 Epidemiology

In a study of a single collegiate football team, an average of 
5 midfoot injuries occurred per year over a 5-year period 
[10]. In this study, 30 % occurred in offensive linemen. NFL 
surveillance data from 2004 to 2012 showed an average 11 
injuries per year with 86 % occurring during games. In a 
study of NFL combine athletes found that 3.4 % of the 320 
participants reported a Lisfranc sprain [11].

 Therapy (On the Field, Conservative, Surgical)

Appropriate treatment depends on early accurate diagnosis. 
A high index of suspicion should be maintained for these 
injuries. Variations in injury patterns should be expected. It is 
important to look for associated fractures of the cuboid as 
well as MP head fractures and MP dislocations. Appropriate 
diagnosis and management often relies on fluoroscopic stress 
examination with pronation and supination views as well as 
three views of the foot with the patient standing (Fig. 45.3). 
Stable injuries, those without significant displacement or 
diastasis on stress examination, can typically be treated non- 
operatively. Unstable Lisfranc injuries in athletes are typi-
cally managed with open reduction and internal fixation to 
stabilize all injured joints (Fig. 45.4). Fusion should be 
avoided if at all possible. In a review of a consecutive series 
of 25 NFL athletes, 21 were treated operatively at our institu-
tion [12]. Three of the 4 treated non-operatively had stable 
second TMT – medial cuneiform diastasis. Twelve of the 21 
treated operatively were proximal variants with navicular – 
medial cuneiform instability. Thirteen of 21 (62 %) under-
went removal of hardware on average 5 months from their 
index surgery.

 Rehabilitation and Back-to-Sports

In the series above of 25 NFL Lisfranc injuries, 84 % were 
able to return to play [12]. Both column injuries are associ-
ated with worse outcomes and lower return to play. Non- 

operatively treated Lisfranc injuries returned to play from 12 
to 30 weeks post injury while operatively treated Lisfranc 
injuries returned 28–48 weeks post-operatively.

 Prevention

There are no studies to date showing methods of preven-
tion for midfoot and Lisfranc injuries in football players. 
Cleat configuration may alter the ability of the cleat to 
disengage the turf or grass during forefoot rotation, how-
ever this will not alter direct impact or axial load type 
injuries.

 Achilles Tendon Rupture

 Etiology and Pathomechanism

Achilles tendon ruptures can occur through multiple mecha-
nisms including sudden plantar flexion of the ankle with an 
extended knee, sudden dorsiflexion of a plantar flexed foot, 
which typically occurs with landing after jumping, or direct 
blow to a contracted tendon. Ruptures typically occur at the 
hypovascular region approximately 2–6 cm proximal to the 
insertion resulting in an average gap of 2.7 cm [13].

 Epidemiology

A study of NFL players between 1997 and 2002 showed 31 
Achilles tendon ruptures during this period amounting to 
approximately 5 Achilles tendon ruptures per year with an 
overall incidence of .93 % [14]. The average age of the 

Fig. 45.3 An NFL athlete getting tackled resulting in a LisFranc injury 
and MCL knee injury
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 players was 29, and the average time in the league was 6 
years. The injuries were more likely to occur during a game 
(65 %) as opposed to preseason (35.4 %).

 Therapy (On the Field, Conservative, Surgical)

Initial management hinges on making the correct diagnosis 
early. Patients should be immobilized in a splint (or boot 
with multiple heel wedges) and made non-weightbearing. 
Athletes are managed operatively to assist with rehabilita-
tion, accelerate recovery, improve plantar flexion strength 
and resting tension of the tendon, and to decrease the inci-
dence of re-rupture (Fig. 45.5). However, operative manage-
ment has risks including wound complications, infection 
and possible nerve injury. These risks can be decreased with 
newer minimally invasive techniques (Fig. 45.6). In a retro-
spective study of nine NFL athletes who underwent mini- 
open Achilles repair, there were no postoperative wound 
complications, nerve injuries or tendon re-ruptures [15].

 Rehabilitation and Back-to-Sports

In the study of NFL athletes with 31 Achilles ruptures, play-
ers took on average between 9 and 12 months to return to 

play and 32.3 % of players never returned to play [14]. The 
more recent study of nine NFL players managed with a mini-
mally invasive technique found a quicker return to play with 
an average return to play of 8.9 months and one athlete 
returning in 5.4 months [15].

 Prevention

There are currently no high quality studies to date looking at 
prevention of Achilles tendon ruptures in athletes.

 Syndesmotic Ankle Sprains

 Etiology and Pathomechanism

Syndesmotic ankle injuries are defined by injuries to any 
component of the syndesmosis including anterior inferior 
tibiofibular ligament, interosseous ligament, inferior trans-
verse ligament, posterior inferior tibiofibular ligament or 
interosseous membrane. Injury mechanism includes forced 
external rotation, and often dorsiflexion. 75.2 % occur with 
contact with another player, usually a direct force to the lat-
eral leg that can result in an associated medial collateral liga-
ment strain of the knee [16].

Fig. 45.4 (a) AP and (b) AP stress views showing diastasis and instability of the Lisfranc joint in an NFL player
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 Epidemiology

Ankle sprains are one of the most common football related 
injuries with syndesmotic ankle sprains accounting for 
approximately 10–24.6 % [16, 17] (Fig. 45.7). The incidence 
of ankle sprains is 22 % higher on Field Turf than on grass 
[18]. In a study of the Vikings football team over a 6 year 
period, they averaged 2.5 high ankle sprains per year [19].

 Therapy (On the Field, Conservative, Surgical)

Initial management of syndesmotic ankle sprains is typi-
cally more aggressive than for standard ankle sprains. 

Standard treatment includes a thorough physical exam, 
radiographs and an MRI (Fig. 45.8). Patients treated non-
operatively are placed in a cast with weightbearing as 
symptoms allow. They transition to a tall walking boot for 
2–4 weeks based on the severity of injury. Patients can 
then progress utilizing an ankle strengthening and proprio-
ceptive rehabilitation program. Operative fixation should 
be considered for any diastasis on ankle x-rays or docu-
mented instability based on weightbearing ankle x-rays, 
fluoroscopic stress exams or arthroscopic exam. Less than 
1 % of incomplete syndesmotic injuries require surgery 
[16]. However, if the injury is complete, 30 % require 
surgery.

 Rehabilitation and Back-to-Sports

Syndesmotic ankle sprains are typically predictive of 
long- term ankle dysfunction and are associated with a 
more prolonged recovery compared to lateral ligamentous 
ankle sprains [17, 20]. Typically players lose an average 
16 days for partial syndesmotic injuries and a significantly 
greater 31 days for complete injuries [16]. In our experi-
ence, both non- operatively and operatively high ankle 
sprains have a longer post op course. Non-operatively 
treated sprains typically return by 8 weeks while opera-
tively treated injuries returned an average of 4 months 
post-op.

Fig. 45.6 Operative incision after minimally invasive percutaneous 
Achilles tendon repair in an NFL athlete

Fig. 45.5 (a) Fluoroscopic and (b) operative pictures showing the corresponding intraoperative findings from the same NFL football player in 
Fig. 45.3
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 Prevention

In one study of ankle sprains in high school football players, 
overweight players were 19 times more likely to sustain a 
noncontact ankle sprain [21]. A frequently cited study of col-
legiate volleyball players, showed that a proprioceptive 
based ankle training program resulted in significantly fewer 
ankle sprains compared to a normal training program [22]. In 
a level 1 study, the prophylactic use of a lace up ankle brace 
by high school football players reduced the incidence of all 
ankle injuries (fractures, medial, lateral and syndesmotic 
sprains) in players with a prior ankle injury by 70 % and in 
players with no history of injury by 57 % [23]. The incidence 
of high ankle sprains is significantly higher on third genera-
tion artificial surfaces compared to grass [16].
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Athletic Injuries

Cristian Ortiz, Emilio Wagner, and Gonzalo Fernandez

Abstract

Track and field sports involve mainly running, throwing and jumping activities. Injuries will 
occur mainly due to traumatic or overuse cause. The greater proportion of injuries occurs 
during training (more than 60 %), 20 % occur during competition. Inadequate remodelling 
of bone structures and a failed healing response in tendons after repetitive load, may lead to 
injury. The ankle region is most frequently injured in jumps. The foot is damaged most 
frequently in sprints. Achilles tendon ruptures, Achilles tendinopathy and navicular stress 
fracture are discussed in detail, relative to their diagnosis and treatment. Briefly stated, 
Achilles tendinopathy should be first treated conservatively, as initial navicular stress frac-
tures. Our treatment recommendation for achilles rupture is surgical using a minimally 
invasive approach. In order to obtain a safe return to sports, different tests have to be per-
formed including range of motion test, balance and propioception tests such as the star 
excursion balance test, agility tests and strength tests such as the vertical jump test. In gen-
eral since track and field does not include contact a more predictable return to sports is 
generally expected.
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 Athletic Injuries

Athletics generally refers to track and field activities. It is a 
sport which combines various athletic activities based on the 
skills of running, jumping, and throwing. The running events 
include sprints, middle and long distance events. Jumping 
includes hurdling (running and jumping over an obstacle at 
speed), steeplechase, long jump, triple jump, high jump and 
pole vault. Throwing can consider javelin throw, hammer 
throw and discus throw. There are also “combined events”, 
such as heptathlon and decathlon, in which athletes compete 
in a number of the above events. Most track and field events 

are individual sports, although some are relay races. In this 
chapter we will discuss mainly injuries related to sprint 
activities and jumping activities, as long distance running 
will be covered in a different chapter, and throwing mainly 
affects the upper extremity.

 Etiology and Pathomechanism

Most of the injuries observed in athletics are related to over-
use. In running, the overuse of musculoskeletal structures 
and the excessive traction of the involved muscles leads to 
inflammation. These combined with inadequate remodelling 
of bone structures from repetitive load and impact may lead 
to injury [1]. In tendons the concept of failed healing response 
is used to explain where they start to accumulate damaged 
areas which do not possess the capacity to heal  spontaneously 
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[2]. Jumping disciplines comprise four phases, run-up, take – 
off, flight and landing phases. Injuries in these activities tend 
to be associated with jump-landing movements. A stiffer 
jump-landing technique is a risk factor in the development of 
overuse injuries and acute injuries, as it will have a lesser 
shock absorbing component. This may be caused by less 
active motion in the lower extremity joints and by an 
increased valgus position of the knee during the jump- 
landing maneuver [3]. Besides overuse pathology, traumatic 
injuries can also be found, where the most common include 
acute achilles tendon ruptures, ankle sprains, syndesmotic 
ankle sprains, metatarsal fractures and midfoot sprains. Most 
of the tendon ruptures occur from a rapid eccentric load 
applied to a stiff foot due to muscle contraction during a fast 
pushoff or a sudden jump [4]. Ankle sprains will occur with 
inversion of a plantar flexed ankle as when landing on irregu-
lar surfaces. This same mechanism may be involved in the 
production of fifth metatarsal base fractures. Syndesmotic 
ankle sprains may happen when an external rotation torque is 
applied to the foot. Relative to pole vaulting (Fig. 46.1), 
some specific biomechanical studies have been focused on 
improving performance and decreasing the risk of injuries 
like the one by Schade, who concluded that although the tim-
ing of the pole plant influences the interactions between the 
vaulter, the pole, and the ground, it does not affect the ath-
lete’s performance. Although a late pole plant decreases the 
loss of energy by the vaulter during the take-off, this is coun-
terbalanced by a decrease in the energy stored in the pole at 
take-off [5].

 Epidemiology

In a systematic review of overuse injuries in foot and ankle 
Sobahni analyzed 84 studies on 23 sports and concluded that 
study design and reporting methods were heterogeneous. 

Most studies suffered from a weak methodology and poor 
reporting. The most common weaknesses were lack of a 
clear case definition, describing assessment procedures and 
reporting sample characteristics. Due to methodological het-
erogeneity of studies, inter-sports and intra-sports compari-
sons and meta-analysis were not possible. Methodology of 
most studies on incidence and prevalence of ankle and foot 
overuse injuries is insufficient [6].

In 2012 Jacobsson reported a retrospective review of 321 
swedish track and field athletes. The body region showing the 
highest injury prevalence was the knee and lower leg with 
15.0 % prevalence in 1 year, followed by the Achilles tendon, 
ankle, and foot and toe with 11.7 % prevalence [7]. In a recent 
report by Feddermann a total of 1470 injuries were reported, 
equivalent to 81 % injuries per 1000 registrations of which 
36 % were expected to result in absence from sports. The inci-
dence of time-loss injuries was significantly higher in compe-
tition (29 %) than in training (5.8 %), and in outdoor (46 %) 
than in indoor (23 %) or youth/junior championships (13 %). 
While most in-competition time-loss injuries were reported 
during short distance events (32.5 %), combined events had 
the highest incidence of in-competition time-loss injuries 
(106 %). The most frequent diagnosis was thigh strain (28 %), 
followed by lower leg strain and ankle sprain. Injury location 
varied between different discipline categories: in long dis-
tances the lower leg, in marathon the foot and in throws the 
upper extremity were mainly affected [8].

Older athletes injure more than younger; athletes 
involved in lower levels of competition injure more than 
athletes involved in higher levels. Sprints and hurdling 
injure more frequently than middle distance runners or 
jumps. The ankle region is most frequently injured in jumps 
(30 % of injuries in jumps happen in the ankle area), followed 

Fig. 46.1 Picture example of pole vault. Timing is important to achieve 
good performance in this discipline

Fig. 46.2 Picture example of triple jump, in final push off. Patellar 
tendon injuries can be seen due to the high energy release when jump-
ing, as ankle ligament injuries if the foot is too supinated in the push off 
phase
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by middle  distance runners. The foot is damaged most fre-
quently in sprints (22 %), followed by long distance runners 
and jumps [9]. In middle and long distance running, the 
main injuries observed are medial tibial stress syndrome 
(incidence 13.6–20.0 %; prevalence of 9.5 %), Achilles ten-
dinopathy (incidence 9.1–10.9 %; prevalence 6.2–9.5 %) 
and plantar fasciitis (incidence 4.5–10.0 %; prevalence 5.2–
17.5 %) [1]. In jumping, the most frequent injuries seen are 
muscle injuries (isquiocrural, trunk), tendon injuries where 
the patellar tendon is more frequently compromised than 
the achilles tendon, insertional tendinopathies, ligament 
injuries due to a supinated foot in take off, and stress frac-
tures, mainly anterior tibial edge and navicular bone [10] 
(Fig. 46.2). Data from the London Summer Olympic Games 
2012 showed that only 35 % of the injuries were expected 
to prevent the athlete from participating during competition 
or training. Relative to athletics, 17.7 % of the athletes suf-
fered some sort of injury, of which 39 % led to time loss 
equal or greater than 1 day, and 16 % led to time loss greater 
than 7 days [11]. In this same set of athletes, within athlet-
ics, the four most commonly reported injury mechanisms 
were overuse (34 %), non-contact trauma (28 %), contact 
with another athlete and with a stationary object. The dis-
tribution of injuries during competition and training was 
similar.

 Therapy (On the Field, Conservative, 
Surgical)

We will consider the most frequent and time consuming 
injuries described, i.e. achilles tendon ruptures, Achilles 
tendinopathy and navicular stress fractures. All the other 
foot and an ankle injuries that are common to every sports 
that includes running, have been described in detail in the 
other chapters of this book. On the field care will always 
vary depending on the pathology, i.e. if the injury was sus-
tained acutely, and it consists in an acute fracture or tendon 
rupture, local ice, immobilization, weight bearing avoidance 
and transfer from the field will be paramount. Stress injuries 
will probably not need an urgent transfer or care, as it will 
present with signs and symptoms previously present in the 
athlete, and therefore, he/she will seek medical attention 
prior to the competition. Achilles tendinopathy will respond 
to rest, cryotherapy, and eventually analgesics. It is essential 
to start when possible, with an eccentric exercise program, 
which can improve patient’s symptoms in up to 60 % of the 
athletes. It has been suggested a synergistic effect between 
eccentric training and shock wave therapy [12], and this is 
currently our approach. When dealing with Achilles tendon 
ruptures, pain and physical impairment are intense, and 
therefore, urgent care for pain control and immobilization is 
indicated. We recommend immobilization with a removable 

boot trying to keep the leg elevated and holding the ankle in 
equinus which will decrease pain. Some debate has been 
present over the last 2 years regarding the ideal treatment for 
Achilles tendon ruptures, since Soroceanu presented similar 
results comparing surgical versus non surgical treatment of 
an acute Achilles tendon rupture [13]. The main debate 
relates to the return to sports and physical activity probabil-
ity, and only four articles present in this meta analysis dealt 
with it, and therefore was not conclusive. Most of the cur-
rent recommendations support operative intervention due to 
the improved possibility of returning to the same level of 
sports, but minimizing complications trying to be minimally 
invasive [14]. Our treatment recommendation for achilles 
rupture is surgical in the athletic active population, using a 
minimally invasive approach, as it has shown excellent 
results with scarce complications and fast rehabilitation 
[15]. Relative to navicular stress fractures, sprinters and 
middle distance runners will present more frequently with 
these injury. They will present with a vague, not localized 
foot pain over the dorsum of the foot. Most of the time 
radiological exams result negative and magnetic resonance 
imaging has become the exam of choice [16]. Navicular 
stress fractures are considered high risk fractures due to 
their natural history, and thus require immediate treatment. 
Torg [17] published on 2010 his study where conservative 
treatment was recommended for every navicular stress frac-
ture, as no statistical significant difference was found 
between treatment, independent on the type of fracture. 
Saxena published and commented on their results stating 
that navicular stress fractures with just a dorsal breach of the 
dorsal cortex can be treated conservatively (Type 1) and that 
types 2 and 3 (fracture extending into the navicular body or 
complete fracture) treatment should be surgical. This last 
approach has been also supported lately [16] and it is our 
current recommendation.

 Rehabilitation and Back-to-Sports

Rehabilitation is paramount for our athletes, and the current 
approach should coordinate the physician efforts to achieve 
healing, and the coach effort to coordinate return to sports. 
For stress fractures, full return to sports should be allowed 
when bone healing has been certified, which should be done 
with CT scans. Relative to the Achilles tendon, specific 
scores can be used to evaluate how recovered a certain ath-
lete is, such as the VISA-A score [18]. After certifying heal-
ing, health and disability can be assessed in terms of function. 
Actually, the World Health Organization recommends using 
tests related to the particular activities involved in competi-
tive play. These tests should assess pain, instability, kinemat-
ics and symmetry. General recommended tests include range 
of motion test, balance and propioception tests such as the 
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star excursion balance test, agility tests and strength tests 
such as the vertical jump test [19]. In general since track and 
field does not include contact a more predictable return to 
sports is generally expected.

 Prevention

A key element in success is to correctly identify the overuse 
element that generated the injury in a specific athlete. After 
this is done, and healing is achieved, it should be well noted 
to the patient, family and coach in order to understand the 
origin of the problem and avoid in the future. It has been sug-
gested in the literature that the variety in sport and exercise 
may limit the risk of overuse injuries. In addition, participa-
tion in a variety of sports may help prevent the development 
of neuromuscular deficits which are apparently the primary 
determinants of both acute and chronic injury risk [20]. In 
our group, the key element in decreasing injury recurrency 
has been a team work comprising the orthopedic surgeon 
subspecialist, the sports physician, physical therapist and 
team coach.

Although many studies have intended to prevent ankle 
injuries in athletes using propioceptive training, there is still 
no definitive evidence to prove it [21].

Shoes seem to be important to prevent injuries and this 
has been suggested by several studies like the one by Debisao 
in which he showed that independently of the type of shoe, 
men and women loaded the foot differently during a jump 
landing. The bladed cleat shoe increased forefoot loading, 
which may increase the risk for forefoot injury. He recom-
mends that the type of shoe should be considered when 
choosing footwear for athletes returning to activity [22].

The surface where the athlete practices or competes is 
also important. Taylor suggests that elite athletes may sustain 
more injuries, even when playing on the newer artificial sur-
faces [23].

Ankle stabilizers may help to reduce incidence of ankle 
sprain in athletes but although they do not seem to affect 
jumping or balance, they may compromise performance 
where agility is needed [24].

 Evidence

Achilles tendon rupture, Level 1, Level 3 and 4 articles. 
Grade of evidence B.

Achilles Tendinopathy, Level 2 and 4 articles. Grade of 
Evidence B.

Navicular Stress fractures, Level 1 and 4 articles. Grade of 
Evidence B.

 Summary

Track and field sports involve mainly running, throwing and 
jumping activities. Injuries will occur mainly due to trau-
matic or overuse cause. Very few studies are specifically 
focused in foot and ankle injuries in athletics.

The greater proportion of injuries occurs during training 
(more than 60 %), 20 % occur during competition. Older ath-
letes injure more than younger and lower levels of competi-
tion injure more than athletes involved in higher levels.

Sprints and hurdling injure more frequently than middle 
distance runners or jumps. The ankle region is most fre-
quently injured in jumps, the foot is damaged most fre-
quently in sprints.

Achilles tendon ruptures should be treated surgically. 
Achilles tendinopathy should be first treated conservatively, 
as initial navicular stress fractures.

The same intrinsic and extrinsic factors that have to be 
considered for foot and ankle overuse injuries in every sport 
that include running are also true for track and field 
athletes.

A complete interrelation between the treating physician, 
physical therapist, coach, patient and family is needed to 
achieve a complete rehabilitation and reliable prevention or 
recurrence.
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Basketball

Christopher E. Gross, Jeannie Huh, and James A. Nunley II 

Abstract

Basketball-related injuries are the most common type of sports-related injury in patients 
under 25-years-old and second in those aged 25–40. According to the National Electronic 
Injury Surveillance System, basketball accounts for over 28 % of total injuries sport-related 
injuries that were treated in an emergency room. In a study of all injuries in the National 
Basketball League, the ankle was by far the most common joint injured. Some of the most 
common injuries include: ankle sprains and lateral instability, fractures of the base of the 
fifth metatarsal, Achilles tendon ruptures, osteochondral lesions of the talus, and anterior 
ankle impingement. Prevention strategies, appropriate operative intervention, and func-
tional rehabilitation are all important in the management of the injured basketball player for 
safe and timely return to play.
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tures • Osteochondral lesions of talus

 Introduction

Basketball subjects the foot and ankle to acute and chronic 
strain. The sport consists of rapid acceleration and decelera-
tion, cutting, jumping, and pivoting. Basketball-related inju-
ries are the most common type of sports-related injury in 
patients under the age of 25 and second in those aged 25–40 
[1]. In 2012, the National Electronic Injury Surveillance 
System (NEISS) recorded more than 1.9 million individuals 
who had a sports-related injury treated in an emergency 
department. Of those, basketball represented over 28 % of 
total injuries with 570,000 suffering injuries. Of those, the 
most common injury was related to the foot and ankle. In a 
study of all injuries in the National Basketball League between 
1989 and 2007, the ankle was by far the most common joint 

injured with 1850 injuries (14.7 % of all injuries) [2]. There 
were 1123 game-related ankle injuries (17.9 %) with an inci-
dence of 3.4 injuries per 1000 athlete exposures. The foot con-
tributed to 962 more injuries (7.6 % of all injuries).

 Injuries

The ankle and foot are injured in many unique manners in 
basketball. While an ankle sprain is the most common injury 
in basketball, the following represent the spectrum of 
injuries:

• Ankle sprain
• Acute and chronic ankle instability
• Achilles tendon ruptures
• Osteochondral lesions of the talus
• Anterior ankle impingement
• Jones fracture
• Over-use injuries

 – Plantar fasciitis
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 – Medial-sided stress fractures (navicular, medial 
malleolus)

 – Calcaneal apophysitis
 – Achilles tendinitis

• Intedigital neuromas
• Calcaneal beak fractures
• Navicular avulsions
• Tears of the superior peroneal retinaculum
• Os trigonum fractures

Due to the limited breath and scope of this specific chap-
ter, we are going to concentrate on five of the most common 
foot and ankle injuries in basketball: ankle sprains and lateral 
instability, fractures of the base of the fifth metatarsal, 
Achilles tendon ruptures, osteochondral lesions of the talus, 
and anterior ankle impingement.

 Lateral Ankle Sprain and Instability

 Etiology and Pathomechanism

Lateral ankle sprains generally result from an inversion force 
on the plantar-flexed ankle. When the ankle is in plantar- 
flexion, the osseous stability of the ankle is reduced and the 
soft tissues are more susceptible to injury. The anterior talo-
fibular ligament (ATFL), which is tight in plantar-flexion, is 
the most commonly injured portion of the lateral ligament 
complex [3], followed by the calcaneofibular ligament 
(CFL), and less frequently, the posterior talofibular ligament 
(PTFL). In basketball, the classic injury scenario occurs 
when a player inverts his ankle on another player’s foot while 
landing after a jump [4]. Many ankle sprains are noncontact 
injuries, and may occur while taking an awkward step during 
cutting or turning maneuvers. In these scenarios, as the ath-
lete attempts to work around a crowd of players, this focus of 
attention is shifted away from the playing surface, exposing 
the lower extremity to injury.

Lateral ankle sprains are frequently classified into three 
grades based on the severity of injury to the involved liga-
ment. A Grade I sprain indicates a stretched lateral ligament. 
Clinically, the athlete will have pain and swelling, but will be 
able to walk without crutches. A Grade II injury indicates a 
partial tear of the lateral ligament complex and presents with 
swelling and ecchymosis, with an ability to walk a few steps 
unassisted. A Grade III injury indicates a complete tear and 
presents with swelling, ecchymosis, sensation of instability, 
and inability to walk [5].

Residual disability after ankle sprains is present in 
32–76 % of patients [6, 7]. After conservative or surgical 
treatment, patients may continue to have symptoms, includ-
ing persistent synovitis or tendinitis, ankle stiffness, swell-
ing, muscle weakness, and recurrent instability.

 Epidemiology

Ankle sprains are the most frequent orthopaedic injury sus-
tained in basketball players [8–10]. In a series of profes-
sional basketball players reported by Deitch and colleagues 
[11], lateral ankle sprains were the most common injury 
diagnosis (13.7 % of all injuries) in both the National 
Basketball Association (NBA) and the Women’s National 
Basketball Association (WNBA). In a 17 year prospective 
study spanning the NBA seasons from 1988 to 2005, 
Drakos et al. [2] found that ankle sprains accounted for 
8.8 % of all games missed, making them the second most 
common reason for games missed by a player, following 
patellofemoral syndrome (Level II). The incidence of ankle 
sprain (3.2 per 1000 athlete exposures) was more than 
twice as common as any other injury. In a 2-year prospec-
tive study of female Greek professional basketball players, 
most ankle sprains occurred within the 3-point line and 
occurred during games rather than practice. Centers, fol-
lowed by guards and forwards, had the highest rate of 
injury [12].

Though the incidence of ankle sprains is higher in ath-
letes who have had a prior ankle sprain [13–15], there is 
conflicting evidence in the literature as to other demo-
graphical risk factors for ankle sprains. Among collegiate 
basketball players, Hosea et al. [16] found a higher rate of 
Grade I ankle sprains in women than in men, but for higher 
grade sprains the incidence was similar between groups. 
However, the study on professional basketball players pre-
viously mentioned above found no difference in incidence 
of ankle sprains between genders [11]. A study of high 
school athletes found that males with a higher body mass 
index (BMI) had a higher incidence of ankle sprains, how-
ever, this was not found to be so in a separate study among 
professional basketball players [2]. Similarly, in a study of 
10,393 recreational basketball players, McKay et al. found 
that the risk of ankle injury was not related to gender, age, 
height or weight [15].

 Therapy (On the Field, Conservative, Surgical)

Functional, nonoperative management is the preferred 
method of treatment for all acute lateral ankle sprains, 
regardless of grade (Grade B). On the court, an athlete sus-
pected of this injury is initially treated with rest, ice, com-
pression, and elevation. A thorough physical exam should 
take place, keeping in mind several subtle injuries can mimic 
an ankle sprain, including: an anterior process of the calca-
neus fracture, a lateral talar process fracture, a proximal fifth 
metatarsal fracture, peroneal tendon disruption, or a subtalar 
dislocation. If the athlete can bear weight and demonstrate 
the ability to jump, run, and cut on the injured extremity, they 
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may return to play. However, if the athlete is unable to do so, 
he or she should be kept out of the rest of the game.

A brief period of immobilization followed by functional 
rehabilitation allows the athlete to return to play within a 
week for Grade I sprains, 4–6 weeks for Grade II sprains, 
and 6–10 weeks for Grade III sprains, without the need for 
further treatment. During the recovery period, a combina-
tion of elastic wrap with an Air-Stirrup brace (Aircast, Inc, 
Summit, NJ) has been shown to be significantly faster at 
returning patients with Grade I or II ankle sprains to pre- 
injury function compared to either alone or a walking cast 
for 10 days (Level II, Grade B). Athletes with Grade III 
ankle sprains showed no difference in their return time to 
normal function between bracing and casting for 10 days 
[17] (Level II).

Primary repair of Grade III injuries may not be superior to 
nonsurgical management [18]. Even distal fibula avulsion 
fractures treated non-operatively have been shown to heal 
satisfactorily without late instability, when compared with 
purely ligamentous injuries [19].

If after the appropriate amount of rest and rehabilitation 
the athlete has persistent dysfunction, then further evaluation 
should be performed, which usually includes MRI evalua-
tion. Findings may include a concomitant injury not previ-
ously appreciated, such as an osteochondral lesion of the 
talus or peroneal tendon pathology, which would warrant 
further management [20].

 Rehabilitation and Back-to-Sports

Upon return to play following an acute ankle sprain, use of 
an external ankle brace and/or taping provides the athlete 
with direct mechanical support and enhances proprioception 
though skin pressure. Combining external support with a 
dedicated functional rehabilitation program, focused on 
strengthening of the peroneal muscles and proprioceptive 
training, results in both successfully preventing and treating 
instability in more than 90 % of cases [21] (Level II, Grade 
B). Such a program is especially effective for functional 
instability in the patient with chronic symptoms, where there 
are no objective measurements of ligament instability, but 
pain or sensation of instability exists.

Mechanical instability is clinically apparent when an ath-
lete complains of recurrent “giving way” events and has 
associated measurable laxity on physical exam. Mechanical 
and functional instability can coexist. If after a dedicated 
rehabilitation and bracing trial fail and the athlete remains 
symptomatic, surgical intervention with anatomic lateral 
ligament repair is indicated. This is achieved by anatomic 
shortening of the ATFL (and CFL as indicated), reinforced 
with the inferior extensor retinaculum (Brostrom procedure 
with Gould modification). This method has shown excellent 

results for the treatment of chronic lateral ankle instability 
with 26 years follow-up [22] (Level IV).

 Prevention

Given the frequency of lateral ankle sprains and the disabil-
ity that results, including time away from play and increased 
risk of re-injury, much attention has been placed on the pre-
vention of these injuries. A Cochrane review of 14 random-
ized trials with 8279 total subjects was performed to 
determine the effectiveness of various prevention strategies 
[23] (Level I). The only intervention that showed a signifi-
cant reduction in ankle sprains in patients with a history of 
prior ankle sprains was the use of an external ankle support 
device (ie. semi-rigid orthosis, air-cast brace) [24, 25]. The 
Cochrane reviewers noted a possible, but unproven benefit 
using the same devices in those without a history of prior 
ankle sprain.

Although taping is frequently used among basketball 
players upon return to play after acute injury, it remains 
inconclusive as to whether this modality effectively prevents 
recurrent ankle sprains [23]. Taping has been shown to lose 
up to 50 % of its mechanical effectiveness after approxi-
mately 20 min of exercise. It is also more difficult to adjust 
tape during a game, requires a skilled trainer or therapist to 
apply, and can be more time-consuming and more expensive 
than some external ankle support devices [26] (Level V).

Calf stretching programs [27] and the use of cushioned 
insoles were not found to effectively reduce the risk of ankle 
sprains in the Cochrane review. A separate study, in fact, 
found that the presence of air cells in the heel of the shoe was 
associated with a higher rate of injury [15] (Level IV). In 
terms of high-top shoes, a prospective study of intramural 
basketball players, found no difference in the rate of ankle 
injury [28] (Level I).

As noted previously, the most important risk factor for an 
ankle sprain is a previous ankle sprain. One study found a 
fivefold increase in ankle injuries in previously injured bas-
ketball players compared to those with no previous history of 
ankle injury [15]. This predilection is thought to be due to 
reduced proprioceptive function as well as reduced mechani-
cal stability. One of the most predictable ways to prevent 
recurrent or chronic instability is to fully rehabilitate the ini-
tial injury by focusing on optimizing both proprioception 
and peroneal strength [29]. This has been shown to be effec-
tively done through the use of a balance board or wobble 
board (also called ankle disk training) [30].

Prehabilitation programs that emphasize overall fitness, 
balance, and prevention strategies, such as landing with a 
wide-based stance may also provide players protection from 
future ankle sprains [31] (Level II). Such programs are cur-
rently used by most NBA teams [32].
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 Jones Fractures

 Etiology and Pathomechanism

Sir Robert Jones was the first to bring attention to proximal 
fractures of the fifth metatarsal in 1902 when he described 
his own injury which he sustained indirectly while dancing 
[33]. Today, proximal fractures of the fifth metatarsal are 
generally divided into three anatomic zones: Zone 1 – tuber-
osity; Zone 2 – metaphyseal-diaphyseal junction; Zone 3 – 
proximal diaphysis. Each of these fracture types commonly 
occur in basketball players and are associated with a specific 
mechanism of injury.

Zone 1 fractures are tuberosity avulsion fractures that 
result from abrupt hindfoot inversion. An injury of this type 
may be sustained in basketball when a rebounding player 
lands on the foot of another player. As the hindfoot forcibly 
inverts, contraction of the peroneus brevis muscle [34] or 
tension on the lateral band of the plantar fascia results in an 
avulsion of the tuberosity.

The classic Jones fracture occurs in Zone 2 and is an 
acute fracture at the metaphyseal-diaphyseal junction, 
without distal extension beyond the four to five intermeta-
tarsal articulation. The mechanism of injury is believed to 
be a large adduction force applied to the forefoot with 
simultaneous ankle plantar-flexion, such as when one 
missteps on the lateral border of the foot [35, 36]. This 
type of fracture has been recognized for its high rate of 
delayed union, nonunion, and refracture due to its loca-
tion in a relatively avascular watershed zone with dimin-
ished osseous blood supply and resultant poor healing 
potential [37].

Zone 3 fractures consist of proximal diaphyseal stress 
fractures that result from repetitive overuse or overload 
applied under the metatarsal head. It has been noted that in 
basketball players, stress fractures of the proximal fifth 
metatarsal occur during games and practices in which the 
shuttle run and cutting tasks are frequently performed [38]. 
These repetitive injuries may be acute or chronic. Conditions 
that place increased stress or load to the lateral column of 
the foot, such as a varus hindfoot [39], can predispose the 
athlete to fifth metatarsal fracture. In a similar manner, there 
is evidence to suggest that generic use of non-customized 
off-the- shelf foot orthoses with medial arch support may 
increase fifth metatarsal loading and therefore risk of frac-
ture [40].

The distinction between Jones (Zone II) and proximal 
diaphyseal stress (Zone III) fractures is often difficult 
because of their close anatomic proximity. Recent data also 
indicate similar healing characteristics and therefore treat-
ment indications for both acute Jones and proximal diaphy-
seal stress fractures, suggesting that both zones should be 
regarded simply as “Jones” fractures [41].

 Epidemiology

The fifth metatarsal is the most commonly-fractured meta-
tarsal in adults, and has been shown to be involved in up to 
70 % of all metatarsal fractures [42]. These fractures are 
common among running and jumping athletes. In particular, 
basketball players have an increased prevalence of proximal 
fifth metatarsal fractures compared to other athletic popula-
tions [43, 44].

 Therapy (On the Field, Conservative, Surgical)

Due to unacceptably high nonunion rates, refracture rates, 
and delayed return to activities with nonoperative treatment 
of Zone 2 and Zone 3 fractures, primary fixation is the 
accepted standard of care for the elite athlete [45–48]. The 
difficulty in managing proximal fifth metatarsal fractures 
conservatively in basketball players was first described in 
1979 by Zelko and colleagues [49]. In their series of 21 
patients, 9 fractures and 8 refractures occurred during bas-
ketball. They found that, compared to other athletes, basket-
ball players were most disabled by this type of fracture with 
a greater tendency for reinjury, and were most successfully 
treated by early bone grafting. A later prospective, nonran-
domized study of basketball players by Fernandez and col-
leagues [43] concluded that operative treatment was more 
reliable than nonoperative management, with faster return to 
sport (Level I). In nine stress fractures treated with compres-
sion screw fixation, all healed within 8–14 weeks. In four of 
eight acute fractures treated nonoperatively, half went onto 
nonunion after 12 weeks and required internal fixation (Level 
IV).

Surgery typically consists of internal fixation with an 
intramedullary screw with or without bone graft. Multiple 
biomechanical studies have been performed in an attempt to 
determine the optimal screw size. In general, for the skele-
tally mature athlete, the screw should be ≥4.5 mm, as smaller 
diameter screws have been associated with delayed union 
and nonunion [50] (Level IV). Some authors suggest using 
the largest screw that the canal can accommodate, particu-
larly in the heavier athlete [51] (Level V). The surgeon 
should be cognizant, however, that too-large a screw can 
cause cortical compromise, including fracture and increased 
risk of stress shielding across the fracture site. Whether to 
use cannulated or solid screws and stainless steel or titanium 
has also been studied without conclusive results. Solid 
screws have been shown to be less likely to break, but it is 
unclear if this difference is clinically significant [52]. 
Biomechanical studies have suggested that stainless steel is 
more resistant to bending forces than titanium. However, a 
study by DeVries et al. [53] comparing cannulated stainless 
steel and titanium screws of multiple sizes showed 
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 comparable rates of healing among all groups, demonstrat-
ing the absence of a clinical advantage in using one screw 
type over another. Regardless of screw size and type, it is 
important that the fixation is rigid and there is compression 
across the fracture site.

Before proceeding with surgery, the athlete should be 
made aware of the risks of surgery, including sural nerve 
injury, hardware irritation with possible need for subsequent 
removal, nonunion, delayed union, and refracture.

 Rehabilitation and Back-to-Sports

Postoperative rehabilitation protocols following intramedul-
lary fixation of proximal fifth metatarsal fractures vary. In 
general, weight bearing is restricted for 2–4 weeks and the 
patient is kept protected in a cast or boot. Weight bearing is 
progressively advanced as tenderness subsides. The patient 
is transitioned to a molded orthotic device in a stiff soled 
shoe to decrease stress at the fracture site. Upon return to 
sport, functional bracing, shoe modification, or orthoses 
should be considered.

Given the tenuous nature of these fractures and risk for 
refracture, early return to play should be permitted with cau-
tion. At our institution, both clinical and radiographic evi-
dence of healing should be present. Routine CT scanning of 
elite athletes to confirm union is recommended.

In a systematic review of 26 studies on intramedullary 
fixation of proximal fifth metatarsal fractures, the authors 
found that return to sports ranged from 4 to 18 weeks. In elite 
basketball players, return was less than 3 months in most 
series with low complication rates [54].

 Prevention

Non-customized off-the-shelf foot orthoses with medial arch 
support may increase maximum pressures and forces on the 
base of the fifth metatarsal during landing from a lay-up, and 
on the head and base of the fifth metatarsal during the stance 
phase of the shuttle run in basketball players [40]. Avoiding 
these orthotics in this population may prevent this particular 
injury pattern. Additionally, correction of any hindfoot varus 
or forefoot supination with custom orthotics to offload the 
lateral column may prevent injury [39]. The goal is to trans-
fer weight and stress to the medial side of the midfoot and off 
the fifth metatarsal.

Refracture following intramedullary fixation of proximal 
fifth metatarsal fractures is a not uncommon complication in 
athletes. Recognized risk factors for refracture include inad-
equate screw size [49], premature return to sports activity 
[50], and varus hindfoot alignment with resultant lateral 
 column overload [39] (Level IV). As discussed above, 

 prevention of refracture is enhanced by using an adequate 
screw size greater than 4.5 mm, confirming complete frac-
ture union before return to sports via CT scan, and adding a 
custom rigid orthotic insert with a lateral hindfoot wedge 
extended to a lateral forefoot post in the athlete with any sug-
gestion of varus alignment.

Also, because of the risk for recurrent fracture in high- 
performance athletes, it is recommended that the screw be 
retained after healing, as long as the player continues to com-
pete [55].

 Achilles Tendon Ruptures

 Etiology and Pathomechanism

Injuries to the Achilles tendon occur during an eccentric con-
traction of the gastrocnemius-soleus complex when the ankle 
suddenly dorsiflexes while the foot is plantarflexed. Other 
times, the rupture occurs with pushing off with the knee in 
extension while the patient is weight-bearing.

Training errors account for a large percentage of injuries to 
the Achilles tendon in sports [56, 57]. Inappropriate footwear, 
increases in a training regimen, alterations in training routine, 
and changes in playing surface may also contribute to injuries 
in the athlete. Common risk factors associated with Achilles 
tendon ruptures – fluoroquinolone usage, corticosteroids, 
inflammatory arthritis, Haglund’s deformity – do not gener-
ally have any relevance in those playing basketball. Prodromal 
symptoms of pain in the Achilles tendon and stiffness of the 
ankle are commonly seen in the elite athlete [58].

 Epidemiology

In the United States, the most common sport involved with 
an acute Achilles rupture is basketball; this sport accounts 
for 48 % of all injuries [59]. The rising incidence of Achilles 
tendon ruptures over the past two decades is partially due to 
an older population participating in sports and recreational 
activities [60].

 Therapy (On the Field, Conservative, Surgical)

Diagnosing an acute Achilles tendon rupture is largely a clin-
ical diagnosis. A thorough history and physical examination 
can lead to diagnosis in a majority of patients. An archetypal 
patient is a 30–45 year old weekend warrior who reports pain 
and inability to walk after playing basketball. This intense 
pain gradually diminishes after a few hours, and the patient 
is left with a functional deficit of weakness of plantarflexion 
and a gait disturbance often with an inability to bear weight.
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The American Academy of Orthopaedic Surgeons 
(AAOS) Clinical Practice Guidelines [30] recommend 
that the diagnosis of Achilles tendon rupture be made 
with two or more of the following physical examination 
findings: positive Thompson test, decreased plantarflex-
ion strength, palpable defect of the tendon, and increased 
passive ankle dorsiflexion (Level I). When the patient is 
supine, one can examine for bruising around the posterior 
ankle, strength of plantar flexion, and a palpable gap in 
the tendon. The patient may also attempt a single limb 
heel-raise on the affected leg. The patient is then turned 
prone with the knees at a 90° flexion angle. Firstly, the 
resting tension of the affected leg is observed. The calf of 
the affected leg is then compressed. A positive Thompson 
test is when compressing the calf does not result in plantar 
flexion of the foot.

Despite an increasing understanding of these injuries and 
rapid rise in its incidence, there is no clear consensus on non-
operative versus surgical treatment. Options for treatment 
include cast immobilization, early functional rehabilitation 
with functional bracing, open repair, and percutaneous 
repair. AAOS Clinical Practice Guidelines state that both 
nonsurgical and surgical treatments are valid options for 
patients with acute Achilles tendon ruptures [61].

At the senior author’s institution, the non-operative proto-
col, which is rarely utilized, includes placing the patient 
plantarflexed in a CAM boot weight-bearing as tolerated 
with three wedges. Starting at 3 weeks from injury, the 
patient is to remove one wedge per week. At 6 weeks from 
injury, the patient is placed into a CAM boot at neutral and 
formal physical therapy is started. At 10 weeks, the patient is 
back in normal athletic shoes (Level V).

There are three options for operative treatment for 
Achilles tendon ruptures: open, mini-open, or percutaneous. 
The risks of surgery include: superficial wound infection, 
sural nerve dysfunction, wound healing issues, deep infec-
tion, re-rupture, and deep vein thrombosis.

The most recent meta-analysis discussing operative ver-
sus non-operative treatment by Soroceanu et al. and col-
leagues [62] reviewed ten studies (Level II Evidence, 
Grade B). Each study reported the re-rupture rate with an 
absolute risk difference of 5.5 % in favor of surgery. In a 
stratified analysis, there was no significant difference in 
the re-rupture rate if functional rehabilitation with early 
range of motion was used in the non-operative group. 
However, when the functional rehabilitation studies are 
removed, there was a significant absolute risk reduction by 
8.8 % in the surgery group. Comparing the complication 
rate between non- operative and operative management, 
there was a complication other than re-rupture for 1 in 7 
patients treated surgically or a 3.9 times risk for a compli-
cation. Patients with surgical treatment returned 19.2 days 
earlier to work.

 Rehabilitation and Back-to-Sports

An Achilles tendon rupture is a burden to both the profes-
sional and recreational athlete. For the professional ath-
lete, this injury may prevent a return to the sport at a 
competitive level. Post-injury changes of morphology and 
kinematics are also noted in the non-athletic population. 
At an average of 10.8 years from injury, Horstmann et al. 
[63] noted that there were smaller values of the injured 
side’s calf circumference, ankle range of motion, and heel 
height during heel-raise tests and calf circumference as 
compared to the uninjured leg. This report underscores the 
observation that following repair of the ruptured Achilles 
tendon, muscle atrophy is a long- term consideration [36] 
(Level IV).

 Prevention

There are no formal studies which present evidence for pre-
venting Achilles tendon ruptures. If one were to experience 
the prodromal symptoms of tendinopathy or symptoms 
which portend a rupture, then stretching and strengthening 
exercises should be performed.

 Osteochondral Lesions of the Talus (OLTs)

 Etiology and Pathomechanism

The pathophysiology of OLTs is as elusive as is its treatment. 
Literature does not have a definitive answer; rather, hypoth-
eses range from repeated microtrauma, microvascular insuf-
ficiency, ankle instability, ankle trauma, and genetics [64]. 
Lateral lesions are associated with trauma close to 100 % of 
the time, whereas medial lesions are trauma-related between 
64 % and 82 % of the time [65, 66].

 Epidemiology

The true incidence of OLTs is unknown, however in a 10-year 
review of military personnel, there was a 27 OLTs per 
100,000 person years with spikes of OLTs seen during peri-
ods of combat.

In a study of 283 ankle fractures who underwent a open 
reducation internal fixation and an arthroscopy, 73 % of 
patients had a chondral lesion [67]. Most lesions occur in 
the centromedial (54.5 %) and centrolateral (31.2 %) 
aspect of the talus [68]. Another OLT morphologic study 
demonstrated that medial lesions were larger in depth and 
surface area compared to lateral OLTs [69] (Level IV, 
Grade C).
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 Therapy (On the Field, Conservative, Surgical)

Diagnosis of OLTs are often delayed given the non-descript 
and vague symptoms that are present early in the disease. 
Patients present with an aching pain with weight-bearing and 
during practice or games. Often, these lesions are not associ-
ated with typical mechanical symptoms (locking, catching, 
clicking). A history of ankle trauma is often elicited.

Initial imaging should include three weight-bearing views 
of the ankle. If an OLT is not seen, but highly suspected, an 
ankle MRI should be obtained to look for cartilage irregu-
larities and subchondral edema. CT scans are useful in surgi-
cal planning to determine the extent of subchondral bony 
involvement. If an OLT is discovered on enhanced imaging, 
one must determine if the lesion is the source of the pain. 
Therefore, an intra-articular anesthetic injection is adminis-
tered to see if the pain is relieved (Level V).

Conservative therapy includes therapeutic stretching, 
range of motion exercises, sport-specific training, proprio-
ceptive training, NSAIDs, and corticosteroids. Some sur-
geons will also attempt immobilization in efforts to reduce 
the synovitis of the anterior joint capsule (Expert 
opinion).

While exploring the numerous methods of treating OLTs 
(it is not within the scope) of this chapter to discuss all the 
procedures that can be performed: arthroscopic debridement 
and microfracture, anterograde/retrograde drilling, bone 
grafting, lesion reduction and internal fixation, structural 
allograft, osteochondral allo/autograft, OAT, ACI, and juve-
nile cartilage (see Chaps. 16 and 31).

 Rehabilitation and Back-to-Sports

Rehabilitation varies widely based on the extent of the pro-
cedure performed. If any sort of drilling, microfracture or 
reconstructive procedure is performed, weight bearing is 
restricted to allow fibrocartilage to form [70]. For lesions 
smaller than 1.5 cm2, weight bearing is resumed after 2 
weeks. For lesions larger than 1.5 cm2, weight bearing is 
restricted for at least 4–6 weeks. Range of motion is allowed 
once the arthroscopy portals are healed.

Again, return to sport is variable depending on the extent 
of the primary procedure. Often, for smaller lesions, a player 
can return to drills by 3 months and practice/games by 4 
months.

 Prevention

There is no literature to suggest that OLTs can be prevented, 
given that researchers do not understand how they form.

 Anterior Ankle Impingement

 Etiology and Pathomechanism

Ankle impingement can be a common source of chronic 
ankle pain in an athlete subjected to repeated ankle 
sprains and microtrauma. Specifically in basketball, 
high-impact load experienced during repetitive jumping 
and dorsiflexion likely contributes to the development of 
the condition. Recurrent microtrauma to the anterior 
structures of the ankle and ankle capsule traction will 
cause fibrocartilage and deep hypertrophic cartilage to 
undergo enchondral ossification [71]. With repeated dor-
siflexion, there may be abutment of adjacent osteophytes 
limiting motion and producing pain caused by entrap-
ment of soft tissues. It is the soft tissue impingement that 
leads to significant pain. Osteophyte formation may also 
be the result of chronic ankle instability as well. A lateral 
ankle sprain may be the instigating factor as the sprain 
causes increasing laxity of the lateral ankle structures 
which lead to inflammation and synovitis of the ankle 
capsule. As the synovial tissue hypertrophies, the soft tis-
sue structures are impinged and osteophytes form in 
reaction to this stress.

The distal fascicle of the anterior inferior tibiofibular 
ligament (Bassett’s ligament) can also become hypertro-
phied to due repetitive stress. This structure may produce 
anterolateral impingement. Symptoms of impingement are 
made evident when there is ankle laxity as this ligament 
comes into contact with the lateral dome of the talus [72]. 
Without the support of the anterior talofibular ligament, the 
talus translates slightly anterior during ankle motion, caus-
ing impingement on Bassett’s ligament. Inversion ankle 
injuries are suspected as the main cause for the initiation of 
impingement [73].

 Epidemiology

There are no statistics in the literature that provide an inci-
dence of impingement in basketball players. All reports of 
impingement in basketball are purely subjective and 
 anecdotal. Basketball players with ankle inversion sprains 
and repetitive microtrauma frequently develop anterior 
impingement. After practice or games, these patients can 
present with ankle swelling, anterior ankle pain, and 
decreased ankle range of motion. On physical examination, 
the player will have swelling about the ankle joint. They may 
have some tenderness to palpation anterolaterally or antero-
medially (at the shoulders of the joint line). In the clinic set-
ting, one may replicate symptoms by forcefully dorsiflexing 
the ankle.
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Radiographically, the ankle joint often shows no lines of 
osteoarthritis. In early impingement, the anterior distal tibia 
may lack the normal smoothness of the periosteal border. In 
later stages of impingement, the distal tibia has an osteo-
phyte projecting anteriorly. This bony ridge does not involve 
the articular surface. On the talar side, osteophytes project 
superiorly and toward the ankle joint.

Since anteromedial osteophytes are often undetected due 
to superimposition of other talar structures [74], van Dijk 
recommends an oblique anteromedial impingement view to 
improve the sensitivity and specificity of the imaging. In this 
view, the foot is plantarflexed, the leg externally rotated 30°, 
and the beam is directed in 45° craniocaudal direction from 
a standard lateral x-ray view.

 Therapy (On the Field, Conservative, Surgical)

Following a diagnosis of impingement, conservative therapy is 
tried for at least 3–6 months. Conservative treatment includes 
therapeutic stretching, range of motion exercises, sport-specific 
training, proprioceptive training, NSAIDs, and corticosteroids. 
Some surgeons will also attempt immobilization in efforts to 
reduce the synovitis of the anterior joint capsule. Functional 
rehabilitation is generally favored over casting [72].

After conservative treatment has failed, arthroscopic 
removal of either Bassett’s ligament [74] or the impinging 
osteophytes is recommended [71]. Most basketball players 
will opt for longer periods of conservative treatment as long 
as the impingement does not significantly affect the season. 
Scranton and McDermott compared open and arthroscopic 
resection of the impinging osteophytes. Patients treated 
arthroscopically recovered in roughly half the time, and had 
a month quicker return to sport. Those with larger osteo-
phytes or evidence of tibiotalar arthritis had poorer func-
tional outcomes.

In a study [75] (Grade IV Evidence) evaluating 80 patients 
at an average follow-up of 105 months demonstrated that 
patients with spurs localized to the tibia did better at follow-
 up than did those with minimal to no arthritic changes on 
X-ray. Negative prognostic factors included: age, history of 
ankle trauma, and a cavus foot. Overall, these patients did 
have a significant improvement in their AOFAS scores at 
final follow-up after arthroscopic treatment.

 Rehabilitation and Back-to-Sports

Rehabilitation is often limited to concomitant procedures 
that are performed with osteophyte removal. For isolated 
arthroscopic debridement, a brief period of immobilization 
in a splint allows wound and skin healing. After the wound is 
healed, we begin aggressive range of motion and weight 
bearing. Physical therapy may be necessary for some 

patients. Patients are usually back to basketball within a few 
weeks post-bone spur removal.

 Prevention

There are no formal studies which look at preventing ankle 
impingement. Since microtrauma and lateral ankle instabil-
ity contribute to anterior impingement, please refer to the 
section about ankle instability.

 Evidence

Level of evidence for this paper ranges from I-IV. Grade of 
evidence, depending on the topic, is Grade B (Fair).

 Conclusions

Injuries to the foot and ankle are frequent in both com-
petitive and recreational basketball, and are an important 
source of significant time lost from play. Because of the 
rapid acceleration and deceleration, cutting, jumping, and 
pivoting maneuvers involved in basketball, the foot and 
ankle are particularly susceptible to both acute and over-
use injuries. Prevention strategies, appropriate operative 
intervention when indicated, and dedicated functional 
rehabilitation are all important in the management of the 
injured basketball player for safe and timely return to 
play.

 Summary

 1. The ankle is the most injured joint in basketball (Grade A).
 2. Most ankle sprains are noncontact injuries, and may 

occur while taking an awkward step during cutting or 
turning maneuvers (Grade A).

 3. The most important risk factor for an ankle sprain is a 
previous ankle sprain. One of the most predictable ways 
to prevent recurrent or chronic instability is to fully reha-
bilitate the initial injury by focusing on optimizing both 
proprioception and peroneal strength (Grade B).

 4. Confirm union of a Jones fracture with a CT scan before 
returning an elite athlete to play (Expert opinion).

 5. Basketball accounts for 48 % of all Achilles ruptures 
(Grade A).

References

 1. Commission USCPS. NEISS data highlights 2012. Washington, 
DC; 2012.

 2. Drakos MC, Domb B, Starkey C, Callahan L, Allen AA. Injury in 
the national basketball association: a 17-year overview. Sports 
Health. 2010;2:284–90.

C.E. Gross et al.



435

 3. Brostroem L. Sprained ankles. I. Anatomic lesions in recent sprains. 
Acta Chir Scand. 1964;128:483–95.

 4. Powell JW, Barber-Foss KD. Sex-related injury patterns among 
selected high school sports. Am J Sports Med. 2000;28:385–91.

 5. The team physician. A statement of the Committee on the Medical 
Aspects of Sports of the American Medical Association, September 
1967. J Sch Health. 1967;37:497–501.

 6. Gerber JP, Williams GN, Scoville CR, Arciero RA, Taylor 
DC. Persistent disability associated with ankle sprains: a prospec-
tive examination of an athletic population. Foot Ankle Int. 
1998;19:653–60.

 7. Bosien WR, Staples OS, Russell SW. Residual disability following 
acute ankle sprains. J Bone Joint Surg Am. 1955;37-A:1237–43.

 8. Dick R, Hertel J, Agel J, Grossman J, Marshall SW. Descriptive 
epidemiology of collegiate men’s basketball injuries: National 
Collegiate Athletic Association Injury Surveillance System, 1988–
1989 through 2003–2004. J Athl Train. 2007;42:194–201.

 9. Starkey C. Injuries and illnesses in the national basketball associa-
tion: a 10-year perspective. J Athl Train. 2000;35:161–7.

 10. Hootman JM, Dick R, Agel J. Epidemiology of collegiate injuries 
for 15 sports: summary and recommendations for injury prevention 
initiatives. J Athl Train. 2007;42:311–9.

 11. Deitch JR, Starkey C, Walters SL, Moseley JB. Injury risk in pro-
fessional basketball players: a comparison of Women’s National 
Basketball Association and National Basketball Association ath-
letes. Am J Sports Med. 2006;34:1077–83.

 12. Kofotolis N, Kellis E. Ankle sprain injuries: a 2-year prospective 
cohort study in female Greek professional basketball players. J Athl 
Train. 2007;42:388–94.

 13. Milgrom C, Shlamkovitch N, Finestone A, et al. Risk factors for 
lateral ankle sprain: a prospective study among military recruits. 
Foot Ankle. 1991;12:26–30.

 14. McHugh MP, Tyler TF, Tetro DT, Mullaney MJ, Nicholas SJ. Risk 
factors for noncontact ankle sprains in high school athletes: the role 
of hip strength and balance ability. Am J Sports Med. 
2006;34:464–70.

 15. McKay GD, Goldie PA, Payne WR, Oakes BW. Ankle injuries in 
basketball: injury rate and risk factors. Br J Sports Med. 
2001;35:103–8.

 16. Hosea TM, Carey CC, Harrer MF. The gender issue: epidemiology 
of ankle injuries in athletes who participate in basketball. Clin 
Orthop Relat Res. 2000;372:45–9.

 17. Beynnon BD, Renstrom PA, Haugh L, Uh BS, Barker H. A pro-
spective, randomized clinical investigation of the treatment of first- 
time ankle sprains. Am J Sports Med. 2006;34:1401–12.

 18. Pihlajamaki H, Hietaniemi K, Paavola M, Visuri T, Mattila 
VM. Surgical versus functional treatment for acute ruptures of the 
lateral ligament complex of the ankle in young men: a randomized 
controlled trial. J Bone Joint Surg Am. 2010;92:2367–74.

 19. Haraguchi N, Toga H, Shiba N, Kato F. Avulsion fracture of the 
lateral ankle ligament complex in severe inversion injury: incidence 
and clinical outcome. Am J Sports Med. 2007;35:1144–52.

 20. Renstrom PA. Persistently painful sprained ankle. J Am Acad 
Orthop Surg. 1994;2:270–80.

 21. Reed MFJ, Donley B, Giza E. Athletic ankle injuries Orthopaedic 
Knowledge Update (OKU): sports medicine 4. Rosemont: 
American Academy of Orthopaedic Surgery (AAOS); 2009. 
p. 199–214.

 22. Bell SJ, Mologne TS, Sitler DF, Cox JS. Twenty-six-year results 
after Brostrom procedure for chronic lateral ankle instability. Am 
J Sports Med. 2006;34:975–8.

 23. Handoll HH, Rowe BH, Quinn KM, de Bie R. Interventions for 
preventing ankle ligament injuries. Cochrane Database Syst Rev. 
2001;3:CD000018.

 24. Sitler M, Ryan J, Wheeler B, et al. The efficacy of a semirigid ankle 
stabilizer to reduce acute ankle injuries in basketball. A randomized 
clinical study at West Point. Am J Sports Med. 1994;22:454–61.

 25. Surve I, Schwellnus MP, Noakes T, Lombard C. A fivefold reduction 
in the incidence of recurrent ankle sprains in soccer players using the 
Sport-Stirrup orthosis. Am J Sports Med. 1994;22:601–6.

 26. Metcalfe RC, Schlabach GA, Looney MA, Renehan EJ. A compari-
son of moleskin tape, linen tape, and lace-up brace on joint restric-
tion and movement performance. J Athl Train. 1997;32:136–40.

 27. Pope RP, Herbert RD, Kirwan JD, Graham BJ. A randomized trial 
of preexercise stretching for prevention of lower-limb injury. Med 
Sci Sports Exerc. 2000;32:271–7.

 28. Barrett JR, Tanji JL, Drake C, Fuller D, Kawasaki RI, Fenton 
RM. High- versus low-top shoes for the prevention of ankle sprains 
in basketball players. A prospective randomized study. Am J Sports 
Med. 1993;21:582–5.

 29. Willems T, Witvrouw E, Verstuyft J, Vaes P, De Clercq D. 
Proprioception and muscle strength in subjects with a history of 
ankle sprains and chronic instability. J Athl Train. 2002;37: 
487–93.

 30. Verhagen E, van der Beek A, Twisk J, Bouter L, Bahr R, van 
Mechelen W. The effect of a proprioceptive balance board training 
program for the prevention of ankle sprains: a prospective con-
trolled trial. Am J Sports Med. 2004;32:1385–93.

 31. Smith RW, Reischl SF. Treatment of ankle sprains in young  athletes. 
Am J Sports Med. 1986;14:465–71.

 32. Bernot MP. Medical care of the Atlanta Hawks. J Med Assoc Ga. 
2000;89:21–3.

 33. Jones R. I. Fracture of the base of the fifth metatarsal bone by indi-
rect violence. Ann Surg. 1902;35:697–700.2.

 34. McDermott EP. Basketball injuries of the foot and ankle. Clin 
Sports Med. 1993;12:373–93.

 35. Dameron Jr TB. Fractures and anatomical variations of the proxi-
mal portion of the fifth metatarsal. J Bone Joint Surg Am. 
1975;57:788–92.

 36. Lawrence SJ, Botte MJ. Jones’ fractures and related fractures of the 
proximal fifth metatarsal. Foot Ankle. 1993;14:358–65.

 37. Smith JW, Arnoczky SP, Hersh A. The intraosseous blood supply of 
the fifth metatarsal: implications for proximal fracture healing. Foot 
Ankle. 1992;13:143–52.

 38. Meyer SA, Saltzman CL, Albright JP. Stress fractures of the foot 
and leg. Clin Sports Med. 1993;12:395–413.

 39. Raikin SM, Slenker N, Ratigan B. The association of a varus hind-
foot and fracture of the fifth metatarsal metaphyseal-diaphyseal 
junction: the Jones fracture. Am J Sports Med. 2008;36:1367–72.

 40. Yu B, Preston JJ, Queen RM, et al. Effects of wearing foot orthosis 
with medial arch support on the fifth metatarsal loading and ankle 
inversion angle in selected basketball tasks. J Orthop Sports Phys 
Ther. 2007;37:186–91.

 41. Chuckpaiwong B, Queen RM, Easley ME, Nunley JA. Distinguishing 
Jones and proximal diaphyseal fractures of the fifth metatarsal. Clin 
Orthop Relat Res. 2008;466:1966–70.

 42. Petrisor BA, Ekrol I, Court-Brown C. The epidemiology of meta-
tarsal fractures. Foot Ankle Int. 2006;27:172–4.

 43. Fernandez Fairen M, Guillen J, Busto JM, Roura J. Fractures of the 
fifth metatarsal in basketball players. Knee Surg Sports Traumatol 
Arthrosc Off J ESSKA. 1999;7:373–7.

 44. Iwamoto J, Takeda T. Stress fractures in athletes: review of 196 
cases. J Orthop Sci Off J Jpn Orthop Assoc. 2003;8:273–8.

 45. Kavanaugh JH, Brower TD, Mann RV. The Jones fracture revisited. 
J Bone Joint Surg Am. 1978;60:776–82.

 46. DeLee JC, Evans JP, Julian J. Stress fracture of the fifth metatarsal. 
Am J Sports Med. 1983;11:349–53.

 47. Torg JS, Balduini FC, Zelko RR, Pavlov H, Peff TC, Das 
M. Fractures of the base of the fifth metatarsal distal to the tuberos-
ity. Classification and guidelines for non-surgical and surgical man-
agement. J Bone Joint Surg Am. 1984;66:209–14.

 48. Clapper MF, O’Brien TJ, Lyons PM. Fractures of the fifth metatar-
sal. Analysis of a fracture registry. Clin Orthop Relat Res. 
1995;315:238–41.

47 Basketball



436

 49. Zelko RR, Torg JS, Rachun A. Proximal diaphyseal fractures of the 
fifth metatarsal – treatment of the fractures and their complications 
in athletes. Am J Sports Med. 1979;7:95–101.

 50. Glasgow MT, Naranja Jr RJ, Glasgow SG, Torg JS. Analysis of 
failed surgical management of fractures of the base of the fifth 
metatarsal distal to the tuberosity: the Jones fracture. Foot Ankle 
Int. 1996;17:449–57.

 51. Wright RW, Fischer DA, Shively RA, Heidt Jr RS, Nuber GW. 
Refracture of proximal fifth metatarsal (Jones) fracture after intramed-
ullary screw fixation in athletes. Am J Sports Med. 2000;28:732–6.

 52. Pietropaoli MP, Wnorowski DC, Werner FW, Fortino MD. 
Intramedullary screw fixation of Jones fractures: a biomechanical 
study. Foot Ankle Int. 1999;20:560–3.

 53. DeVries JG, Cuttica DJ, Hyer CF. Cannulated screw fixation of 
Jones fifth metatarsal fractures: a comparison of titanium and stain-
less steel screw fixation. J Foot Ankle Surg Off Pub Am Coll Foot 
Ankle Surg. 2011;50:207–12.

 54. Roche AJ, Calder JD. Treatment and return to sport following a 
Jones fracture of the fifth metatarsal: a systematic review. Knee 
Surg Sports Traumatol Arthrosc Off J ESSKA. 2013;21:1307–15.

 55. Josefsson PO, Karlsson M, Redlund-Johnell I, Wendeberg B. Jones 
fracture. Surgical versus nonsurgical treatment. Clin Orthop Relat 
Res. 1994;299:252–5.

 56. Heckman DS, Gluck GS, Parekh SG. Tendon disorders of the foot 
and ankle, part 2: achilles tendon disorders. Am J Sports Med. 
2009;37:1223–34.

 57. Schepsis AA, Jones H, Haas AL. Achilles tendon disorders in ath-
letes. Am J Sports Med. 2002;30:287–305.

 58. Maffulli N, Longo UG, Maffulli GD, Khanna A, Denaro V. Achilles 
tendon ruptures in elite athletes. Foot Ankle Int. 2011;32:9–15.

 59. Raikin SM, Garras DN, Krapchev PV. Achilles tendon injuries in a 
United States population. Foot Ankle Int. 2013;34:475–80.

 60. Moller A, Astron M, Westlin N. Increasing incidence of Achilles 
tendon rupture. Acta Orthop Scand. 1996;67:479–81.

 61. Chiodo CP, Glazebrook M, Bluman EM, et al. Diagnosis and treat-
ment of acute Achilles tendon rupture. J Am Acad Orthop Surg. 
2010;18:503–10.

 62. Soroceanu A, Sidhwa F, Aarabi S, Kaufman A, Glazebrook M. 
Surgical versus nonsurgical treatment of acute Achilles tendon 
 rupture: a meta-analysis of randomized trials. J Bone Joint Surg Am. 
2012;94:2136–43.

 63. Horstmann T, Lukas C, Merk J, Brauner T, Mundermann A. Deficits 
10-years after Achilles tendon repair. Int J Sports Med. 2012;33: 
474–9.

 64. Talusan PG, Milewski MD, Toy JO, Wall EJ. Osteochondritis dis-
secans of the talus: diagnosis and treatment in athletes. Clin Sports 
Med. 2014;33:267–84.

 65. Alexander AH, Lichtman DM. Surgical treatment of transchondral 
talar-dome fractures (osteochondritis dissecans). Long-term fol-
low- up. J Bone Joint Surg Am. 1980;62:646–52.

 66. Flick AB, Gould N. Osteochondritis dissecans of the talus (tran-
schondral fractures of the talus): review of the literature and new 
surgical approach for medial dome lesions. Foot Ankle. 1985;5: 
165–85.

 67. Leontaritis N, Hinojosa L, Panchbhavi VK. Arthroscopically 
detected intra-articular lesions associated with acute ankle frac-
tures. J Bone Joint Surg Am. 2009;91:333–9.

 68. Hembree WC, Wittstein JR, Vinson EN, et al. Magnetic resonance 
imaging features of osteochondral lesions of the talus. Foot Ankle 
Int. 2012;33:591–7.

 69. Elias I, Zoga AC, Morrison WB, Besser MP, Schweitzer ME, 
Raikin SM. Osteochondral lesions of the talus: localization and 
morphologic data from 424 patients using a novel anatomical grid 
scheme. Foot Ankle Int. 2007;28:154–61.

 70. Easley ME, Latt LD, Santangelo JR, Merian-Genast M, Nunley 2nd 
JA. Osteochondral lesions of the talus. J Am Acad Orthop Surg. 
2010;18:616–30.

 71. Tol JL, van Dijk CN. Anterior ankle impingement. Foot Ankle Clin. 
2006;11:297–310, vi.

 72. Hess GW. Ankle impingement syndromes: a review of etiology and 
related implications. Foot Ankle Spec. 2011;4:290–7.

 73. Akseki D, Pinar H, Yaldiz K, Akseki NG, Arman C. The anterior 
inferior tibiofibular ligament and talar impingement: a cadaveric 
study. Knee Surg Sports Traumatol Arthrosc Off J ESSKA. 
2002;10:321–6.

 74. van Dijk CN, Wessel RN, Tol JL, Maas M. Oblique radiograph for 
the detection of bone spurs in anterior ankle impingement. Skeletal 
Radiol. 2002;31:214–21.

 75. Parma A, Buda R, Vannini F, et al. Arthroscopic treatment of ankle 
anterior bony impingement: the long-term clinical outcome. Foot 
Ankle Int. 2014;35:148–55.

C.E. Gross et al.



437© Springer International Publishing Switzerland 2016
V. Valderrabano, M. Easley (eds.), Foot and Ankle Sports Orthopaedics, DOI 10.1007/978-3-319-15735-1_48

Rock Climbing

Volker Schöffl

Abstract

Lower leg injuries make up to 50 % of acute climbing injuries. They mostly result from fall-
ing and hitting the wall or from ground falls. Strains and fractures to the foot are most com-
mon. Chronic climbing injuries in the feet result from the use of too small shoes which force 
the toes in an erect position.
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 Injuries

Recent studies show up to 50 % of acute injuries in rock 
climbing involving the lower extremities (foot, toe and ankle) 
[1, 2]. Killian et al. [3] showed a significant correlation 
between the incidence of ankle sprains and bouldering as 
well as ankle sprains and sport climbing. Besides the acute 
lower limb injuries the incidence of chronic feet problems 
increases in the higher levels of sport climbing [4]. Typical 
feet injuries in rock climbers are: contusions, calcaneus frac-
tures, talus fractures, ankle fractures and ankle sprains with 
lateral ligament injuries [1]. Considering chronic injuries it 
is important to know that 87 % of climbers are willingly 
accepting pain within their climbing shoes to achieve a better 
performance [5]. Typical overstrain injuries are: chronic feet 
pain, callosity and pressure marks on the toes (Fig. 48.1), 
dead toe nails, broken and missing toe nails, nail bed infec-
tions, dermatomycosis, blisters, claw toes, subungual hema-
toma (Table 48.1) [1, 3, 6–8]. In the long term, using tight fit 
climbing shoes can also lead to the development of a hallux 
valgus deformity [6].

 Etiology and Pathomechanism

Most acute injuries to the lower extremity in climbing are 
caused by a fall. Falling pathomechanisms show either a 
wall-collision fall or a ground fall [1, 9]. A wall-collision 
fall is one where the climber impacts the wall in a more or 
less vertical plane (caused by pull of the belay rope), 
while a ground fall is one where the climber impacts in 
more or less the horizontal plane [1]. Typical wall-colli-
sion injuries are contusions or compound fractures, while 
ground falls frequently lead to ankle fractures, ankle 
sprains or calcaneus fractures. The majority of chronic 
climbing foot injuries result from wearing climbing shoes 
unnaturally shaped or too small in size [3, 6]. Those shoes 
facilitate the ability to stand on friction with straight toes 
and on edges with bent toes with precision and proper 
contact. Most climbers wear their climbing shoes 2–3 
seizes smaller than their street shoes [6]. This shoe seize 
reduction forces the foot to conform the shoe and changes 
the biomechanical position of the foot within the shoe 
(Fig. 48.2) [1].

 Epidemiology

Almost 50 % of acute injuries involve the leg and feet [2, 10, 
11]. Acute injuries are either caused by ground falls or rock 
hit trauma during a fall. Most frequently strains, contusions 
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and fractures of the calcaneus and talus. More rare injuries, 
as e.g., osteochondral lesions of the talus demand a highly 
specialized care. The chronic use of tight climbing shoes 
leads to overstrain injuries also. As the tight fit of the shoes 
changes the biomechanics of the foot an increased stress load 

is applied to the fore-foot [4]. Up to 90 % of high active 
climbers complain about feet pain within their climbing 
shoes [6].

 Therapy

 Acute Injuries

These typical injuries undergo standard orthopedic trauma 
guidelines and in case of displaced fractures mainly opera-
tive reconstruction (open reduction and internal fixation). 
Considering that climbers are mostly young and highly 
active patients we also favor a surgical repair in most talus 
and calcaneus fractures to achieve an optimal outcome.

 Chronic Injuries

These injuries should be avoided in the first place. Climbers 
should not use their shoes too tight and the shoe industry 
should work on more anatomical lasts for the shoes to mini-
mize chronic conditions (Fig. 48.3). For training a larger 
seized shoes should be used. Hygienic and caring handling 
of callosities and nail bed infections are necessary [1].

 Prevention

With numbers of up to 90 % of examined and questioned 
climbers with chronic feet conditions [6] more work needs 
to be done in this respect. To reduce these complaints climb-
ers need to be advised not to wear their shoes too tight and 
have an additional loose fit training shoe. Also the indus-
try producing climbing shoes must be involved, and new 
fitting strategies with less stretching outer materials and 
 biomechanical adjusted constructions impaired [1]. New 

Fig. 48.1 Pressure marks on the toes due to tight climbing shoes

Table 48.1 Chronic feet injuries in long time high ability rock climb-
ers [6]

Pathology N

Pressure marks 30

Pressure tenderness 26

Hallux valgus 16

Subungual haematoma 9

Unguis incarnatus 6

Blisters 3

Broken nails 3

Dead nail 3

Mycosis 3

Nail bed infection 2

Achillodynie 1

Claw toes 1

Joint pain 1

Nail loss 1

Fig. 48.2 X-ray analysis of a climbers foot in a tight shoe (lateral 
plane)
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shoes should have a inner lining to reduce bunions and 
 callosity, while still guaranteeing a good perception of the 
rock [1]. To reduce the risk of wall-collision in acute injuries 
belay training for climbers as well as reasonable bolt and 
protection placement is essential [9]. To minimize ground 
fall injuries the use of “crash-pads” and “spotting” in boul-
dering is important [9]. Those movable mats should be stan-
dardized to guarantee certain impact loads, a procedure that 
the UIAA safety and medical commissions are currently 
undertaking. Other preventive measurements are the manda-
tory closure of gaps of the mats in climbing gyms and for 
competition [9].

 Evidence

In general maximal level of evidence II-III.

Level II for: The use of tight climbing shoes leads to chronic  
conditions such as e.g. bunions, subungual  
haematoma and toe nail dystrophy

Tight fit climbing shoes increase the incidence  
of a hallux valgus deformity

Grade B for: Larger seized climbing shoes can reduce these risks.

 Summary

Lower leg injuries make up to 50 % of acute climbing inju-
ries. They mostly result from falling and hitting the wall or 
from ground falls. Strains and fractures to the foot are most 
common. Chronic climbing injuries in the feet result from 
the use of too small shoes which force the toes in an erect 
position. These result in bunions, claw toes, hematoma, nail 
bed infections and on the long term a hallux valgus defor-
mity may occur.
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Cycling

Andreas Gösele-Koppenburg

Abstract

In general, recreational cyclists are not at high risk for injuries when compared to other 
sports. Cycling injuries can be categorized in overuse injuries and acute traumatic injuries. 
Overuse injuries involve mostly the surface of contact between bike and human body, but 
also knee, neck and lower back can be affected. Acute injuries are mainly caused by acci-
dents, often resulting in skin lesions and broken bones caused by high velocity and high 
impact forces. Special attention should be given to the foot because in cycling the entire 
energy is transferred from the foot to the bike. The most common acute foot injury in 
cycling is the ankle sprain. Overuse foot injuries include metatarsalgia and ingrown toenails 
from improper footwear and achilles tendon injuries often caused by excessive saddle 
height. For overuse injuries it is important to detect the etiology of the underlying mecha-
nisms. This can be done through biomechanical bike fitting analyses or functional tests of 
joint mobility and strength of the involved muscle groups.

Keywords

Cycling • Foot problems • Skin lesions • Ankle injuries • Metatarsalgia • Plantar neuropathy 
• Achilles tendon lesions • Ingrowing nail

 Introduction

The popularity of cycling has grown over the last few years. 
Disciplines can be distinguished, which differ remarkably 
according to terrain, sports equipment (bike), also the compo-
nents and the sports-specific liability and effort in cycling. 
Therefore the stress for the musculoskeletal system and the risk 
of injury are very diverse and incomparable with each other.

Overall, the risk of injury in cycling is much lower com-
pared to team sports such as soccer or handball.

We distinguish between acute injury/trauma and injuries 
caused by overstraining. The relation of these subdivisions 
varies from study to study. It depends on the discipline and 
also the degree of activity in each study group.

Whilst professional road racers have an almost balanced 
relation between acute injuries and overuse injuries [1, 2], 
recreational riders show a majority of up to 85 % in injuries 
caused by overuse. However, we mainly find injuries of the 
upper extremities (16 %) and the shoulder girdle (34 %) 
between competitive riders. Especially the collarbone has an 
injury incidence over 20 % [1]. In addition, competitive road 
racers show contusions and skin injuries caused by high- 
velocity and high-impact trauma. Acute foot injuries occur 
uncommonly (4 %).

Regarding the overuse injuries, the lower extremities 
(67.9 %) are mainly affected. In the foreground are knee prob-
lems (31.1 %) followed by muscle pathologies (26.4 %). The 
foot problems are mainly Achilles tendon disorders (9.6 %).

Amateur cyclists show a totally different pattern of prob-
lems. The issues occurring here are problems of the neck 
(48.80 %), the lumbo-sacral junction (30.3 %) and the knee 
(41.1 %). Gender and age-specific differences can be noticed 
[3]. Injuries of the foot are very rare in this group [4].
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Overuse injuries often affect the “contact points” between 
the rider and the bike (hands, buttocks, feet). One of the rea-
sons for the small number of overuse injuries is certainly the 
fact that the load factors on the musculoskeletal system are 
very low in cycling.

Whilst sitting on the bike the load is about 50 % of the 
bodyweight, it can rise up to three to four times the body 
weight when standing up during climbing.

In running however, we can find a lot higher loading 
forces (up to eightfold body weight).

 Traumatic Injuries

Foot problems in cycling are differentiated in acute traumatic 
injuries and overuse injuries. Acute traumas can include 
ankle sprains, skin lesions and bruises.

 Skin Lesions

Contusions issued by falling can cause skin injuries in the 
foot area. The injuries are usually limited to the ankle region 
as the shoe protects the foot. Most injuries are caused by a 
combination of pressure and friction and can affect all layers 
of the skin. We can’t see any bleeding if just the epidermis is 
affected. Pure epidermal lesions are rare. Usually combina-
tions of superficial (epidermis) and deep (dermis) lesions 
appear (Fig. 49.1).

Diagnostically it is important to determine the gravity and 
extent of skin injuries. Fractures must be excluded. The ther-
apy depends entirely on the severity.  Dirt and stones often 
contaminate the wounds. An extensive cleaning with water 
or saline is one of the most important therapeutic steps. 
Intensive mechanical cleaning with sponges and brushes 
should be avoided.

Subsequently a non-adherent dressing should cover the 
lesion. Especially in the first few days after the accident the 
lesions should be checked every day. The tetanus protection 
has to be provided. After the lesions are healed up they 
should be looked after for several weeks. Sunscreen with UV 
protection is very important, as is moisturizing with certain 
ointments.

 Ankle Injuries

Ankle sprains are one of the most common musculoskeletal 
injuries. The rate of ankle sprains ranges from 15 to 20 % in 
all sport injuries. Ankle sprains are not as common in cycling 
than in other sports such as soccer or basketball.

The most common injury mechanism is caused by a com-
bination of inversion and adduction of the foot in a plantar 
flexion (supination).  This injury mechanism can cause dam-
age to the ankle ligaments and in rare cases to the bone (frac-
tures). Injury of the anterior talofibular ligament with intact 
medial ligaments leads to anterolateral rotary instability. In 
addition the transection of the calcaneofibular ligament 
brings a tilting of the talus (talar tilt).

Ankle ligament sprains are usually graded on the basis of 
severity. Grade I is a slight stretching of the ligaments with-
out macroscopic rupture or joint instability. Grade II (moder-
ate) is a partial rupture of the ligament with moderate pain 
and swelling. The results are functional limitations so as a 
slight to moderate instability. Typically, patients present with 
problems in weight bearing. Grade III (severe) is a complete 
ligament rupture with marked pain, swelling, hematoma and 
pain (Fig. 49.2). Injuries of Grade III are marked by a great 
deal of annoyance, which is shown by instability.

Biological ligament healing can be divided into three dif-
ferent phases: (1) inflammatory phase (day 1 to 5 after 
trauma), (2) the proliferation phase (day 5–28 after trauma) 

Fig. 49.1 Superficial and deep skin lesion of the ankle after bike crash
Fig. 49.2 Typical distribution of swelling and hematoma after ankle 
sprain
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and (3) the remodelling or maturation phase (day 28–42 or 
more after trauma). The duration of the different phases can 
vary individually [5].

Many options of treatment have been suggested: surgery, 
immobilization, functional treatment with bandages, tape or 
different braces, balance training. Today the majority of the 
authors recommend a non-surgical treatment for lateral ankle 
sprains.

Nevertheless, many studies have shown that ankle sprains 
are more serious than generally thought since many patients 
develop chronic problems after an injury. The symptoms 
include chronic pain, recurrent swelling, and chronic insta-
bility. We also have strong evidence that within the first year 
after the injury the risk of a recurrent ankle sprain is twice as 
high for athletes.

Overlooked associated lesions, such as syndesmosis or 
cartilage injuries, might explain the high rate of failure after 
ankle sprain treatment. Another cause for that could be an 
inappropriate considering the different injury grades and 
healing phases.

Comparing the advantages and disadvantages of surgical 
and non-surgical treatment you will find that the majority of 
lateral ankle ligament ruptures can be managed without sur-
gery in the grades I, II and III.

This is why the decision for surgical repair should always 
be made on an individual basis. Types I and II injuries should 
be treated with a semi-rigid brace. Systematic review show 
that for grade III injuries, a phase adapted non-surgical treat-
ment of acute ankle sprains with a short-term immobilization 
followed by a semi-rigid brace is the best treatment 
strategy.

Neuromuscular training should support functional reha-
bilitation after ankle sprain. Balance training is effective for 
the prevention of resprains of athletes with previous sprains. 
Braces are also effective for the prevention of ankle sprains 
in athletes.

 Overuse Injuries

Looking at chronic overuse injuries of the foot you can find 
problems like inflammatory changes in the achilles tendon, 
irritation of the skin by pressure of the shoes, nail problems 
and a general foot pain syndrome called metatarsalgia.

 Metatarsalgia and Plantar Neuropathy

Burning feet, undefined general mid- and forefoot pain, 
numbness and electrifying pain are the typical clinical pic-
tures of plantar neuropathy. These are mostly caused by tight 
shoes, which leads to an excessive compression of the mid-
dle and forefoot. As a result for that pain can occur during 

cycling since the foot volume increases after a while. The 
pain is caused by irritation/compression of the interdigital 
nerves (II-V).

Usually the plantar branch is affected. The outcome of the 
clinical examination often shows a forefoot-compression- 
pain and a click phenomenon called Mulder’s Sign.

In addition to the clinical examination, ultrasonography 
and MRI are used to confirm the diagnosis. The MRI exam-
ination often shows a neural and perineural swelling with 
fluid accumulation. In differential diagnosis a capsulitis 
and bursitis have to be differentiated. A test infiltration with 
a local anesthetic can be used before a cycling test.

The treatment is primarily conservative. Bigger but espe-
cially wider shoes with a wide toe box are usually sufficient. 
Shifting back the cleat, loosening the straps and using an 
insole to improve the pressure distribution in the forefoot 
can be helpful to prevent these problems [6]. If these proce-
dures are not sufficient, an infiltration therapy can be 
attempted with a steroid injection. This happens after previ-
ous infiltration with a local anesthetic. Injections with ste-
roids should be used sparingly, since they cause a certainly 
useful, swelling effect on the nerve, though also interrupt 
the surrounding tissue sustainably in their metabolism. A 
surgical excision (neurolysis/neurectomy) is hardly neces-
sary (Fig. 49.3).

 Achilles Tendon Injuries

Complaints in the area of the Achilles tendon can be divided 
into: Insertional- and Mid-Portion-Lesions. However, in 
cycling you will hardly ever find problems in the musculo- 
tendinous junction. In a longitudinal study, which lasted over 
4 years 51 cyclists showed an appearance of 10 %. Other 
studies showed a frequency of 5–8 %. The main reason for 

Fig. 49.3 Surgical excision of Morton neurinoma
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that is an incorrect seating position. Having the saddle on a 
too high position causes excessive plantar flexion, a too low 
saddle however causes an excessive dorsiflexion. This results 
in a increased “Ankling” which can be considered as a cause 
of inflammatory changes.

Rotation blockades by certain shoe cleat-pedal combina-
tions are also accepted as local pressure from the heel of the 
shoe.

The rate of affected athletes is a lot higher for sport begin-
ners than experienced athletes. “Too much too soon” is usu-
ally the reason for the problem.

Clinically we find a painful thickening of the Achilles 
tendon in the mid-portion or in the area of the insertion. 
The insertional problems are often found in addition to a 
bursitis under the achilles tendon (subachilles bursa). The 
diagnosis is made clinically and confirmed with ultrasound 
or MRI.

The focus of therapy contains analysing the cause of the 
problem which is used as the basis of a causal therapy. A 
correction of the seating position in the context of a profes-
sional bike fitting (Fig. 49.4) is usually the first step to a 
successful treatment. Currently, the combination of shock 
wave therapy and eccentric strength training seems to 
achieve the best results. Peritendinous injections are rarely 
used. Only in rare cases, surgery (tenolysis or bursectomy) 
is necessary.

 Ingrowing Nail

A common problem in sports medicine are ingrown toenails, 
especially effecting the big toe. The reason is an anatomical 
predisposition combined with narrow shoes or unprofes-
sional nail care. The diagnosis is usually not a problem. The 
treatment is primarily conservative. Foot care, ointment 
dressings, disinfectants, antibiotics and local professional 
nail care are helpful.

 Rehabilitation and Back-to-Sports

The rehabilitation after foot and ankle injuries in cycling 
depends on several factors. In general acute traumatic injuries 
for example, ankle sprains are treated like in other sports by 
conservative treatment. Back to sports depends on the sever-
ity of injury as well as on the location and concomitant fac-
tors like age and the level of sports (recreational vs 
professional). Cycling is a “non contact, non weight bearing 
sport” with almost no eccentric forces. Therefore rehabilita-
tion and back to sports are in general faster than in other 
sports especially than in contact sports. Easy training after 
ankle sprains is possible after 7–10 days. In case of an over-
use injury a cause analysis is the most important factor. Back 
to sports and rehabilitation time can vary from days to months.

 Prevention

Acute foot and ankle trauma in cycling are not easy to pre-
vent. Overuse injuries can be prevented by a perfect seating 
position, insoles and balanced mixture of training and regen-
eration. Flexibility, coordination and whole body fitness are 
the basis of success not only under sportive aspects but also 
under the aspect of overuse prevention.

 Evidence

Literature concerning foot and ankle problems in cycling is 
rare. Most of the studies are Level III or IV studies.

 Summary

• Cycling injuries can be categorized in overuse injuries 
and acute traumatic injuries. Recreational cyclists are not 
at high risk for injuries when compared to other sports.

• Overuse injuries involve mostly the surface of contact 
between bike and human body, but also knee, neck and 
lower back can be affected.

• Acute injuries are mainly caused by accidents, often 
resulting in skin lesions and broken bones caused by high 
velocity and high impact forces.

• The most common acute foot injury in cycling is the ankle 
sprain.

• Overuse foot injuries include metatarsalgia and ingrown 
toenails from improper footwear and achilles tendon inju-
ries often caused by excessive saddle height.

• For overuse injuries it is important to detect the etiology 
of the underlying mechanisms. This can be done through 
biomechanical bike fitting analyses or functional tests of 
joint mobility and strength of the involved muscle groups.

Fig. 49.4 Placement of markers for 3-D bike fitting
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Dance Injuries/Ballet

Martin Wiewiorski and Christie-Joy Cunningham

Abstract

In addition to being artists, ballet dancers can be seen as highly trained professional ath-
letes. They suffer frequent injuries to the lower injuries, particularly the foot and ankle. 
Unfortunately, most injuries are not treated adequately, due to poor access to treatment, 
rehabilitation, and the pressure from the companies to continue rehearsing and 
performing.
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 Introduction

Dancers are high performance athletes suffering from great 
numbers of injuries due to the demanding nature of their 
rehearsal and performance regimens. Dancers themselves 
(and their companies) see themselves rather as artists, not 
athletes. This is one of the reasons why only few companies 
and theaters offer adequate medical and physiotherapeutic 
care. Frequent relocation of dancers due to temporary con-
tract work and touring complicates consequent treatment 
attempts. Additionally, dancers feel often pressured to ignore 
injuries and delay treatment in the effort to stay employed by 
a dance company or to stay in rehearsals. Rehearsing and 
performing through pain is common and leads to worsening 
of symptoms and prolongation of recovery.

The most widely known and studied dance genre is clas-
sical ballet, with ballet dancers suffering injuries especially 
around the foot and ankle joints. During dancing, the ankle 
and first metatarsophalangeal joints are placed in maximal 

dorsal and plantar flexion hundreds of times a day. Extreme 
range of ankle motion required of dancers, especially in clas-
sical ballet where the en-pointe and demi-pointe positions 
are common.

The following chapter covers the most common foot and 
ankle injuries and treatment in classical ballet dancers.

 Injuries

 Ankle Sprain/Ankle Joint Instability

Ankle sprains are the most common foot and ankle injury in 
dancers [1]. Inversion is the most common pathomechanism 
resulting in injury of the anterior fibular ligament complex 
(41 %) [2]. The majority of ankle sprains (75 %) occur in 
dancers who are 26 years of age or younger. Arendt et al. 
found persistent instability and repetitive ankle sprains in 
75 % of ballet dancers suffering from a previous ankle sprain. 
Recurrent sprains, pain, giving way, and swelling are com-
mon symptoms. Acute lateral ankle sprains are graded from 
1 to 4 [3]. Swelling only present on examination in grade 1 
(few fibers of the lateral ligaments are stretched or torn). A 
lateral hematoma can be found in grade 2 sprains (complete 
tear of the ATFL and CFL). In grade 3, lateral and medial 
hematoma can be found, and typically weight bearing is not 
possible due to pain (lateral and medial ligaments are torn). 
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Stage 4 is associated with additional injuries: fractures, syn-
desmotic lesions, and/or chondral/osteochondral lesions.

The goal of treatment after an acute ankle sprain is to 
reduce the risk of recurring ankle sprains, and chronic ankle 
instability. Conservative treatment is the management of 
choice for grade 1–3 ankle sprains in all dancers. Early symp-
tomatic treatment aims to reduce pain and swelling 
(Protection, Rest, Ice, Compression, Elevation [PRICE]), and 
should be followed by a good stability protection (brace or 
walker depending on the grade of sprain), early Range of 
motion (ROM) exercises, strengthening, proprioception, and 
activity-specific training under physiotherapeutic supervi-
sion. The time taken for a return to rehearsing and performing 
varies from 1 to 6 weeks. Proprioception training and pero-
neal strengthening must be initiated early in the rehabilitation 
of ankle sprains, with emphasis on attaining full mobility of 
the subtalar and transverse tarsal joints and the ankle joint [4]. 
Additional immobilization measures like taping can be help-
ful. However, limiting the ROM with taping, also for aestheti-
cal reasons, is usually not accepted by most dancers. Dancers 
who had sustained an prior ankle sprain have altered senso-
rimotor control compared with those without prior injury, 
despite having returned to full-time performing and complet-
ing proprioception training [5].

Surgical treatment is recommended for grade 4 ankle 
sprain. Our preferred method for ligament reconstruction is 
direct anatomic ligament reinsertion with a modified 
Brostroem/Gould procedure [6]. Arendt et al. report about 
excellent outcome after ligament reconstruction in chronical 
ankle instability in two dancers [7].

 Anterior Ankle Impingement Syndrome

Dancers suffering from anterior ankle impingement typically 
complain about reduced dorsal flexion of the ankle joint lim-
iting their ability to perform a demi-plié (dancer bends the 
knees with the hips turned-out), and pain on landings. Pain of 
the anterior ankle joint line can be provoked on clinical 
examination by palpation or forced dorsal extension [4]. 
ROM is typically limited in comparison of the healthy side. 
Conventional radiographs show osteophyte formation at the 
tibial and talar neck on weight bearing lateral radiographs. 
Conservative treatment fails due to the mechanical cause of 
the symptoms. The osteophytes are frequently found antero-
medially and can be debrided through a mini-open incision 
or arthroscopically [8].

 Posterior Impingement Syndrome

Ballet dancers perform repetitive extreme ankle flexion dur-
ing demi-pointe and en-pointe position. This can lead to com-

pression of the posterior structures of the ankle joint, and can 
result in pain [9]. The most common cause of posterior 
impingement are an os trigonum, or a protruding lateral pro-
cess of the talus (Stieda process) [10]. The reported incidence 
of os trigonum varies from 7 to 24 %. Dancers complain about 
loss of ROM and pain at the posterolateral part of the ankle 
joint. Pain can increase during exercise. Demi- pointe and en-
pointe positions should be performed on clinical examina-
tion, to determine whether pain is triggered when the dancer 
rises onto the ball of the foot (relevé). Radiological diagnosis 
includes standard weightbearing lateral radiographs of the 
whole foot and mortise view. A supplemental radiograph in 
demi-pointe position can be performed. Additional MRI can 
help assessing additional soft tissue pathologies.

Another cause of posterior ankle pain can be tendinitis 
of the flexor hallucis longus (FHL) tendon. The tendon of is 
at risk of impingement because it travels in the groove 
between the medial and lateral posterior talar tubercle. The 
maneuver of relevé can predispose the FDL tendon for ten-
dinitis. A biomechanical study demonstrated that the mus-
cles crossing the metatarsophalangeal joints work 2.5–3 
times harder than those crossing just the ankle joint in 
dancers rising on to the full pointe position, placing these 
muscles and tendons (FHL, flexor digitorum longus [FDL]) 
at risk for overuse injuries. Symptoms in the FHL and the 
os trigonum are commonly reported in combination in bal-
let dancers.

Conservative treatment of posterior ankle impingement 
should include exercises to strengthen the deep muscles of 
the leg with the purpose of decreasing the action of the 
gastrocnemius muscles. Surgical treatment is recom-
mended after failure of conservative treatment in cases of 
recurrent/persisting symptoms accompanied by reduced 
plantarflexion.

Albisetti et al. evaluated the medical records of 186 
trainee ballet dancers [11]. Of those, 12 suffered posterior 
ankle impingement, and only three underwent surgical exci-
sion of an os trigonum after failed conservative treatment of 
6 months. Hamilton et al. reviewed the outcome of open 
debridement in 37 dancer’s (41 ankles) with posterior 
impingement syndrome and/or FHL-tendinitis. Of those 31 
ankles had a good or excellent result [12]. Willits et al. per-
formed posterior ankle arthroscopy for symptomatic os tri-
gonum (11 ankles) and FHL tendinitis (5 ankles) and found 
a good outcome with a mean AOFAS score of 91 after a 
mean followup of 32 months (range, 6–74) [13]. No signifi-
cant complications were encountered.

 Achilles Tendinitis

Achillodynia may be seen in male and female dancers, with 
potential causes being Achilles tendinitis (acute overuse, 
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systemic reasons, and chronic degeneration), midportion 
tendinopathy (degeneration), insertion tendinopathy (with 
possible bony spurs, through overuse), malalignment of the 
ankle joint, or Haglund’s deformity. Failure of the dancer to 
land with his or her heels on the ground from jumps also can 
contribute to shortening of the Achilles tendon and risk for 
injury [4]. Most tendinopathies can initially be treated con-
servatively with excentric exercises, therapeutic ultrasound, 
adaptation of training intensity, choice of shoes, PRP infiltra-
tions, and other [14]. Adjustment to shoes can be made, like 
less tight ribbons or use of elastic sewn over the Achilles 
tendon. Acute ruptures can happen upon landing with hyper- 
dorsiflexed ankle joint, or eccentric loading of the foot dur-
ing push-off. Surgical repair is mandatory in cases of Achilles 
tendon ruptures.

 Metatarsal Stress Fractures

The unique anatomic configuration of the second tarsometa-
tarsal joint combined with major stresses at the base of sec-
ond metatarsal in pointe position can result in stress fractures. 
Those are more common in ballerinas, then male dancers or 
other athletes. Biomechanical experiments have shown that 
both the pointe shoe and Lisfranc ligaments are important 
stabilizers of the Lisfrancs joint [15].

Dancers usually complain of pain creeping in over sev-
eral days or weeks, which initially, occurs only during 
activity and resolves on resting [16]. If dancing is contin-
ued, the pain can become chronic after 7–20 days [17]. 
Stress fracture at the base of the second metatarsal has been 
recognized as a difficult injury because of delayed diagno-
sis [18]. Clinical examination is often inconclusive due to 
minimal swelling and ill-defined pain. Conventional radio-
graphs show usually no apparent changes. MRI should be 
considered early on suspicion and is the gold standard in 
confirming the diagnosis [7]. Nutritional history, training 
program, type of shoes and dancing surface, recent trauma 
and menstrual patterns should be assessed [16]. Conser-
vative treatment consist of rest (3–5 weeks) without immo-
bilization of the foot, and stretching exercises and isometric 
exertion without weight bearing. Gradual return to full 
dance activity is recommended. Albisetti et al. treated 19 
dancers with metatarsal stress fractures with a period of 
rest and external shock-wave therapy [16]. At 2.2 years 
mean follow-up (range 1.3–3.3 years) all dancers healed 
without any midfoot pain. O’Malley et al. reported about 
treatment of 51 ballet dancers with 64 metatarsal stress 
fractures. Conservative treatment consisted of rest a short 
leg walking cast for six patients, and a wooden shoe and 
symptomatic treatment for the remainder of the dancers. 
Dancers returned to performance at an average of 6.2 weeks 
following diagnosis.

 Hallux Valgus

Hallux valgus is found more frequently in female (86 %) 
then male (33 %) ballet dancers. Some authors assume that 
hallux valgus deformity is promoted by the incorrect 
placement of the foot during en-point position. Some 
dancers stand incorrectly more on the first toe during en-
point (rolling the foot). Ideally the pressure should be dis-
tributed evenly between the first to third toes. Other factors 
for hallux valgus are a relatively longer first ray (Egyptian 
foot) and increased forefoot pressure with consecutive 
splayfoot. Though commonly assumed, that hallux valgus 
is more common among the dance community, a study by 
Einarsdottir et al. could not show a higher frequency then 
in non-dancers. Hallux valgus in ballet dancers rarely 
needs surgical treatment and should be managed conserva-
tively. Padding over the prominent medial MTP joint, toe 
spacers, and intrinsic muscle strengthening exercises can 
help to make dancing on pointe more comfortable for 
those dancers with bunions [19]. Fitting of the pointe shoe 
with a higher vamp to better support the hallux MTP joint 
may reduce symptoms. Surgical correction may lead to 
loss of ROM at the metatarsophalangeal joint, therefore 
surgery is recommended only after retirement from the 
dance career [4].

 Osteoarthritis

In dancing, the foot and ankle joints are placed in maximal 
dorsal and plantar flexion hundreds of times a day. The cause 
of osteoarthritis is probably an accumulation of microtrau-
mas. Van Dijk et al. examined 19 former professional female 
dancers aged 50–70 years and found a statistically signifi-
cant increase in osteoarthritis of the ankle, subtalar, and first 
metatarsophalangeal joints in the ballet group compared 
with a control group [20]. Interestingly, all former dancers 
who showed signs of degenerative joint disease on conven-
tional radiographs were asymptomatic. Ambré et al. exam-
ined 20 ballet dancer with a mean age of 28 years, who were 
dancing since their childhood [21]. No significant changes in 
the ROM of the first metatarsal-phalangeal joint was found 
in comparison with a control group of non-dancers. 
Radiographs showed only slight signs of degeneration, 
which didn’t correlate with clinical symptoms. Anderson 
et al. examined 44 retired ballet dancers [22]. Of those 24 
dancers (54 %) had radiologic signs of osteoarthritis in the 
first metatarsal-phalangeal joint: all were asymptomatic. 
Brodelius examined a group of ballet dancers (13 females 
and 3 males) were age 18–39 years, dancing for 3–30 years 
[23]. All but two dancers showed osteoarthritis of the ankle 
joint (not radiologically classified, no data about clinical 
symptoms).

50 Dance Injuries/Ballet
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In conclusion, the presence of radiological signs of osteo-
arthritis in the foot and ankle joints in ballet dancers has 
probably no relevance to clinical practice.

 Etiology and Pathomechanism

The exaggerated external rotation of the hips (turn out) from 
the hips is needed for correct position in classical ballet. 
Lack of flexibility and external rotation can be compensated 
by the knee and ankle/foot joint. This can cause major strain 
and increase the risk for instability, tendinitis, and early joint 
degeneration [2]. Other factors have been claimed to predis-
pose dancers to lower leg injuries: performing on a non- 
sprung hard floor, a cold studio or theater, or dancing without 
sufficient warm up. Overwork and poor occupational health 
and safety conditions increase risk of injury. A survey among 
dancers showed that dancers think that their injuries a due to 
feeling overtired, run down, overworked, and under strain 
and pressure [24]. Other perceived causes were dancing on 
unsuitable stages and flooring; dancing in cold, draughty 
environments and being insufficiently warmed up, the 
demands of difficult choreography, and the continual repeti-
tion of difficult movements’ during rehearsals [24].

 Epidemiology

Overall, dancers have a high incidence and prevalence of 
injuries [25]. A survey of injuries to 141 dancers commis-
sioned by the British National Organisation of Dance and 
Mime showed that 67 (47 %) had experienced a chronic 
injury and 59 (42 %) an injury in the previous 6 months that 
had affected their dancing [24]. Of the injuries occurring in 
the previous 6 months, 19 (32 %) happened during a perfor-
mance, 16 (28 %) during rehearsals, and nine (16 %) during 
classes. Dancers describe discomfort in the lumbar spine 
(88 %), the knee (80.5 %), and the ankle (74 %) [2]. The foot 
and ankle joints are the location of 46 % injuries in men and 
62 % in women. In men 40 % of injuries were traumatic, such 
as distorsions; in women 35 % were traumatic and 65 % were 
from overuse, with a subacute onset [1].

 Therapy (On the Field, Conservative, Surgical)

For specific injury therapy, please see injuries subsections.

 Prevention

Teachers and choreographers should be more aware of a 
dancer’s limitations and of dancers’ needs to rest as soon as 
injuries occur; and dancers need immediate access to ade-
quate treatment [24]. Many ballet companies in the United 

States have instituted in-house medical and therapy services 
to reduce the physical and financial impact of injuries on the 
dancer and company. In one ballet company of 70 dancers, 
this resulted in a decrease of annual injuries from 94 to 75 % 
and savings in excess of $1.2 million over a 5-year period 
[26]. Bronner et al. suggested a comprehensive management 
program in order to decrease the amount of workers compen-
sation cases and days lost from work. This included primary 
prevention (dance-specific annual screenings, technique 
modification, cross-training, and treatment of minor com-
plaints and secondary prevention (triage to determine the 
need for medical referral, treatment, and rehabilitation after 
injury) [27]. Additional services like medical coverage and 
on-site physical therapy intervention during rehearsal periods 
and before performances were provided. Through this man-
agement program, the annual number of new workers’ com-
pensation cases was dramatically reduced from a 81 to 17 %, 
and the number of days lost from work decreased by 60 %.

 Evidence (Description of Highest Evidence 
with Mentioning the Level and Grade 
of Evidence)

For literature and evidence see Table 50.1.

 Summary

Five most important points in one to two sentences each.
Dancers are high performance athletes and artist, who are 

at high risk for acute and overuse foot and ankle joint injury. 
Most of the injuries can be treated conservatively, the indica-
tion for surgical treatment is rare. Delayed diagnosis, and 
poor access to medical and physiotherapeutical treatment 
extend the recovery time unnecessarily. A comprehensive 
case management service provided by companies would be 
favorable to reduce the number of new injuries, and fasten 
return to rehearsal and performing.

Table 50.1 Overview of relevant publications on foot/ankle injuries in 
ballet dance

Author Topic
Level of 
evidence

Bronner  
et al. [27]

Comprehensive case management 
reduces injury incidence and time 
loss

2

Nilsson  
et al. [1]

Prospective assessment of injuries in 
a single ballet company over 5 years

4

Kadel et al. [4] Review of foot/ankle injuries in 
dance

4

Albisetti  
et al. [11]

Treatment of posterior impingement 
in dancers

4

Albisetti  
et al. [16]

Metatarsal stress fractures in dancers 4
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Equestrian Sports

Monika Horisberger, Martin Wiewiorski, and Alexej Barg

Abstract

Statistically, riding is a dangerous sport despite many prevention campaigns and improved 
safety gear. This is – and always will be – because equitation is about the interaction 
between a human and an unpredictable large animal. Most injuries sustained in equitation 
are of minor severity and most of them probably do not lead to a doctor’s visit. However, 
those that are admitted to hospital are severe and have a poor outcome. Concerning specific 
foot injuries in equitation, literature is limited to just a few case reports. The most common 
foot injures are soft tissue injuries, such as bruises and contusions from horses standing on 
the feets or kicks with hoofs. Injuries to ligaments and bones can result from falls from the 
horse or due to trapping the foot under the horses’ body in falls with the horse.

Keywords

Equitation • Horse riding • Safety stirrup • Midfoot • Lisfranc • Concusion • Bruise

 Injuries

Around 3 million people in Great Britain and about 30 mil-
lion Americans are active riders in various disciplines such 
as dressage, show jumping, eventing, western riding, racing 
or polo [1, 2] (Fig. 51.1). Especially girls and young women 
are very much involved in equitation. However, riding is a 
dangerous sport despite many prevention campaigns and 
improved safety gear. This is – and always will be – because 
equitation is about the interaction between a human and an 
animal that weights up to 500 kg, kicks with a force of more 
than 1 ton [3] and can run at a speed of up to 65 km/h [4]. 

When sitting on a horse the riders head is at a height of up to 
3 m [4]. Horses are sometimes unpredictable and – despite a 
centuries-long domestication – will always follow its basic 
instincts of a gregarious animal which flyes in case of dan-
ger. Most accidents in riding are related to the particular 
behaviour of horses and possible mis-assesment or mis- 
understanding of such behaviour by the rider.

Most injuries sustained in equitation are of minor severity 
and most of them probably do not lead to a doctor’s visit [5]. 
However, those that are admitted to hospital are severe and 
have a poor outcome. Equitation has the highest mortality of 
all sports [6]. Papachristos et al. for example retrospectively 
analysed 172 patients that were seen in an ER department 
within 5 years. They report on 48 % head injuries, 24 % 
admittance to ICU and 18 % need for mechanical ventilation. 
Even after 6 months, 35 % of the patients suffered of severe 
pain and disability and half of the patients in the cohort took 
more than 6 months to get back to work [7].

Most published studies of equestrian injuries report acute 
injuries only [5]. Very few papers take “overuse injuries” 
into account but do not specify the type of lesion more pre-
cise. Ekberg et al. report on overuse injuries in eventing, 
which concern mostly the back and the knees [8]. A paper on 
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polo injuries report overuse injuries such as hip adductor ten-
dinitis and rotator cuff problems. However, this seems not to 
be specific to equitation but rather related to the one-handed 
throwing movement which is necessary to push the ball for-
ward while stearing the horse [9]. There are no studies 
reporting on overuse injuries related to the foot and ankle.

The number and quality of studies on injuries in equita-
tion are poor. Most studies report on statistical data of insur-
ances and case numbers from emergency rooms [10–14]. 
Concerning specific foot injuries in equitation, literature is 
limited to just a few case reports.

 Etiology and Pathomechanism

There is no typical pathomechanism of foot injuries in equi-
tation. It rather is important to assess the circumstances that 
led to the injury: injuries sustained due to a fall from the 
horse, fall with the horse or while getting entangled in parts 
of obstacles or the stirrups lead to entirely different types of 
lesions than injuries sustained while handling a horse from 
the ground.

The most common foot injures are soft tissue injuries 
[15], such as bruises and contusions or minor fractures from 
horses standing on the feets or kicks with hoofs (Figs. 51.2 
and 51.3). Typically, such injuries are not admitted to hospi-
tal and may be under-represented in published studies [5].

Apart from that, injuries to ligaments and bones can result 
from falls from the horse or due to trapping the foot under the 
horses’ body in falls with the horse (Fig. 51.4.). In such falls, 
injury often is the result of forced abduction of the mid- and 
forefoot, often in combination with an axial force when the 
foot gets caught under the horses’ body because the stirrups 
act as a fulcrum [16]. Depending on the exact mechanism of 
fall, fractures with very variable characteristics can be found. 
The resulting injury depends on the exact point of force trans-
mission and leads to nutcracker type of fractures of the cuboid 
bone, severe lesions of lisfranc joint line with dislocation or 

multiple fractures of the metatarsals [16]. Ceroni et al. present 
four nutcracker type fractures of the cuboid in young riders 
and observed that in all cases they were associated with other 
severe fractures of the midfoot [16].

a b c d

Fig. 51.1 Equitation disciplines. Equitation includes a wide variaty of disciplines, such as (a) eventing/show jumping, (b) dressage, (c) polo, (d) 
western riding

Fig. 51.2 Soft tissue injury. A horse jumped on the dorsum of the foot 
in this 25 years old female patient. Despite the patient was wearing 
appropriate riding boots severe soft tissue concussion with gross swell-
ing was the result. Fractures have been excluded by radiography. 
Conservative treatment (RICE) has been applied. The rider was back to 
training within 2 weeks

M. Horisberger et al.
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 Epidemiology

There is little detailed information about the general demo-
graphics of equestrian injuries. This might on one hand be 
because many minor injuries do not lead to hospital admis-
sion [17]. Studies therefore may have an inclusion bias. On 
the other hand, most of papers existing lack clear informa-
tion about exposure [5]. Moreover, there seem to be substan-
cial differences in reported incidences and injury patterns 
among countries, regions and equestrian disciplines being 
studies [18].

Several studies have shown that a higher degree of experi-
ence in riding might lead to a lower injury rate [19]. However, 
a study by Papachristos et al. has shown that the rate of inju-
ries was lower in more experienced riders but that injury 
severity was higher [7] and Kiss et al, have also shown that 
increasing riding experience leads to more severe accidents 
[14]. However, since these study do not state an exposure 
time, increasesed amount of hours spent in equitation in 
more experienced as well as involvement in different disci-
plines of riding might bias these results.

In a large German study with advanced English style 
riders (dressage, show jumping and eventing) it was shown 
that more than 50 % of all accidents happened while han-
dling a horse from the ground and not while riding. About 
6 % of these injuries are related to the foot. In a study by 
Kiss et al. on children involved in equitation, only 23.2 % 
of injuries occurred while handling a horse and 76.8 % 
resulted from falls [14]. This difference might be the result 
of different level of riding experience and involvement in 
handling horses. In the Kiss et al. study 12 % (injuries when 
riding a horse) and 15 % (injuries due to handling a horse), 
respectively, affected the foot and ankle. However, the type 
of foot injury was not specified. In a study on injuries in 
professional riders in Japan breeding farms it was shown 
that 18.9 % of fractures were at the foot and 92 % of cases 
happened by being kicked by a horse [15]. In a study focus-
sing on riding injuries, the percentage of fractures around 
the foot was 14.5 % of all fractures [20]. Injuries sustained 
while handling a horse from the ground are usually less 
severe than those resulting from falls, but concern the foot 
in a higher percentage [14, 21, 22]. In a study on jockey 
injuries, 10.7 % of all injuries affected the foot. The major-
ity of those injuries happened during the start of the race 
and were the result of the jockeys getting crushed in the 
crowd [23].

The majority of injuries occur during leisure riding rather 
than in competition [24].

a b

Fig. 51.3 Phalangeal fracture. A shoed horse was standing on this 
patients great toe. X-ray revealed multi fragment fracture of the distal 
phalanx (a. ap, b. oblique view). Conservative treatment with a stiff 
sole for 6 weeks was successfull

a b c d e

Fig. 51.4 Ankle sprain and osteochondral lesion. Thirty-five years old 
female rider which got entangled in the stirrup when falling from the 
horse. Initial swelling, hematoma around the medial malleolus and ten-
derness was treated conservatively. She complained about persistent 
pain when moving her ankle and when weight-bearing. Conventional 

x-ray showed suspicion of traumatic osteochondral lesion (a) which has 
been proven by SPECT-CT (b). Consecutive AMIC-procedure through 
a medial malleolar osteotomy has been performed. Intraoperatively, the 
lesion could be clearly seen and debrided (c) and was filled up with 
AMIC-plasty over autograft spongiosa (d). Postoperative ap x-ray (e)

51 Equestrian Sports
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 Therapy

Injuries in equitation do not follow a stereotype pattern 
because many different mechanisms can be involved. 
Therefore, each foot injury needs to be evaluated carefully. 
In minor trauma general treatment rules for bruises (RICE: 
Rest, Ice, Compression, Elevation) can be applied and riders 
mostly are back in the saddle within a couple of days. 
However, given the large forces involved in riding accidents 
a high level of suspicion for more severe soft tissue lesions as 
well as bone/joint injuries is mandatory. Any suspicion 
should lead to further imaging diagnostics (CT-Scan, MRI, 
ultrasound). In severe midfoot injuries, many fractures are 
only detected in CT scan [16]. Moreover, soft tissues need 
careful management and compartment syndrome of the foot 
has to be considered in severe concussion.

Then, an individualized conservative or operative treat-
ment is warranted in order to restore anatomical position of 
joints, reduction of fractures and, reconstruct soft tissue 
lesions in order to avoid long-term sequela in these mostly 
young patients.

 Rehabilitation and Back-to-Sports

Working with horses always implies to take the typical 
behavior of horses into account. Anytime, an unforeseeable 
reaction of a horse can ask for full attention of the rider and 
all his mental and physical strength and flexibility to handle 
a situation. Therefore, there is no “slow return” to equitation 
after an injury. Lesions need to heal completely, basic fitness 
needs to be regained in a patient-centered rehab program 
without the horse. Only then, patients should return to work 
with horses. Taking the particular character of each horse 
into consideration, it might be worth re-starting on horses 
that are rather easy to handle. Professional riders should stop 
working with horses for an adaequate time period – there is 
no such thing as partial working ability around horses.

 Prevention

There are no published data on injury prevention or risk 
factor analysis that have been subjected to formal analysis 
[5]. Despite many prevention programmes, letal injuries in 
equitation still account for up to 2–2.5 % of hospital admis-
sions [7, 25]. According to literature, 25 % of all sports 
accidents with consecutive death happen in equitation [12, 
25, 26].

Of the non-life threatening injuries, foot and ankle 
lesions are a substancial percentage and have severe long-
term sequela influencing working ability and life quality. 
Moreover, getting entangled in the stirrups while falling is 

an important injury mechanism not just for direct lesions to 
the foot but also for related even more severe lesions of 
inner organs and the brain. Therefore, the foot is of a two-
fold interest in prevention: first, foot injures should be the 
aim of prevention campaigns themselves because they are 
frequent and can be avoided by awareness in many cases. 
Secondly, the foot as a connection between the rider and 
the saddle and therewith the horse should be the target for 
preventive measures which aim to reduce overall morbidity 
and mortality.

In several studies for the United States, Canada and 
Australia between 38 and 63 % of injured retrospectively 
stated their accident would have been preventable by stick-
ing to general security measures [7, 27, 28]. Unfortunately, 
in a German study, only one third of injured riders changed 
their security behavior after an accident [21]. There is a study 
from 1998 stating that 65 % of riders never used a safety stir-
rup and 20 % of riders never wore riding boots [21].

Therefore, primary prevention strategies must focus on 
education about the special behaviour of horses and security 
measures must be deduced from this knowledge [14, 26]. As 
almost no other sports, equitation is a team sport involving 
two species. Therefore, injury patterns are never the result of 
an isolated act of one involved being, but always the result of 
the interaction between the rider and his horse.

Empirically, many injures in equitation – especially those 
that happen while handling a horse from the ground [16] – 
can be avoided by wearing security gear, i.e. stable shoes 
with adaequate toe protection [1, 18, 29] and careful analysis 
of possibly dangerous situations before they even occur 
[30–32].

For safety stirrups which are sold for many years already, 
there is no clinical study which would prove that either or the 
other design really reduces the number of falls with entan-
gling the foot in stirrups or the amount/severity of foot inju-
ries or general injury severity [5, 29, 33–36] (Fig. 51.5).

The same is true for riding boots and riding shoes. So far, 
there are no studies about mechanical properties of riding 
shoes and boots. When looking at the complex midfoot inju-
ries that occur in falls from or with the horse, one can guess 
that shoes with a better resistance against axial and longitu-
dinal forces across the midfoot area might help to reduce the 
severity of resultant injuries [16]. A heel is important to pre-
vent the rider’s foot from slipping through the stirrup and 
being dragged behind the horse [18, 29].

 Evidence

The number and quality of studies on injuries in equitation 
are poor. Most studies report on statistical data of insurances 
or case numbers from emergency rooms and do not specify 
the type of foot and ankle injuries. Concerning specific foot 
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injuries in equitation, literature is limited to just a few case 
reports.
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ers. Emerg. Med. J. 19, 412–414. 2002. Level IV

 – Heitkamp H-C et al. Reitverletzungen und Verletzungen 
beim Umgang mit Pferden bei erfahrenen Reitern. 
Unfallchirurg 101, 122–128. 1998. Level IV

 – Thomas KE et al. Non-fatal horse related injuries 
treated in emergency departments in the United States, 
2001–2003. Br. J.Sports Med 40, 619–626. 2006. 
Level lV

 – Ceroni D et al. The Importance of Proper Shoe Gear and 
Safety Stirrups in the Prevention of Equestrian Foot 
Injuries. J Foot Ankle Surg 46, 32–39. 2007. Level IV

 Summary

Riding is a dangerous sport despite many prevention cam-
paigns and improved safety gear. The most severe injuries 
are related to the head, back and chest. Injuries to the foot do 
not have such a devastating impact, however, injuries to the 
foot and ankle are very common in equitation. On one hand, 
they result from the horse standing or jumping on the foot of 
the rider while handling it from the ground. On the other 
hand, the foot is at risk when riders are falling from or with 
the horse and the foot might get entangled in the stirrups. 
Here, the stirrup acts as a fulcrum and typically, severe 
lesions to the midfoot, i.e. nutcracker type fractures of the 
cuboid and lisfranc fractures are found.

All injuries to the foot and ankle need careful soft tissue 
assessment and necessitate – because of the high forces 
involved – a high index of suspicion for compartment syn-
drome. Fractures around the midfoot might not be obivious 
in conventional x-ray and should be searched for by CT scan 
if in doubt. Given the variable aspect of injuries around the 
foot and ankle in equitation, an individualized treatment plan 
needs to be set up. This might include conservative or opera-
tive measures.

Prevention should focus on the wear of appropriate shoe 
gear as well as the use of safety stirrups. However, no formal 
studies on the efficacy of such safety gear have been per-
formed so far.
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that are integrated into the sides of the stirrups
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Abstract

At the beginning of the 21st century, FIFA estimated 250 million soccer player worldwide, 
which makes soccer one the world’s most popular sports. Soccer is being played on various 
surfaces: grass, turf, dirt, sand or concrete. The lower extremity, and particularly the ankle 
joint are prone to injury. Mechanism of injury can be of direct force (tackling), or indirect 
(sprain, overuse). Injuries can be severe and in the worst case be career ending. Long term 
sequela of repetitive ankle injuries, like osteoarthrits, can have an impact on the athletes life 
quality beyond his/her sports career. The focus should be not only on treatment of the acute 
and chronic injuries, but especially on injury prevention.
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 Introduction

Soccer is one of the world’s most popular sports with approx-
imately 200.000 professional soccer players and around 240 
million amateur soccer players. Complex, quickly changing 
movements make soccer one of the highest demand sports. 

Good coordination and body control are needed for walking, 
running, sprinting, sudden changes in direction, jumping, and 
body contact. With rising popularity comes an increased inci-
dence of injuries. These present a wide variety of musculo-
skeletal problems to the orthopaedic surgeon. Most injuries 
are localized in the lower extremity with 65 % being foot and 
ankle joints most affected [1–3]. The high injury rate among 
soccer players in general, and female players in particular 
constitutes a considerable problem for the player, the team, 
the club, and given the popularity of soccer, for society at 
large. Injuries are have not only short-term consequences 
(loss of practice/competition time), but also long-term effects 
(career ending injury) on the players careers and lives.

 Injuries

 Ankle Sprains

Ankle sprains account for about 40 % of all sport injuries and 
up to 80 % of all soccer injuries [4]. Around 85 % of all ankle 
sprains are due to an inversion trauma with the foot in various 
degrees of plantar flexion. The ligaments most  commonly 
involved are the anterior talofibular (ATFL) and calcaneal 
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fibular ligament (CFL). Ankle joint instability can be found 
on the medial and lateral side. A combined mediolateral 
instability is called a rotational instability. Recurrent sprains, 
pain, giving way, and insecurity on uneven grounds are com-
mon symptoms. The player’s history (previous sprains, feel-
ing of instability) is equally important for the diagnosis as 
physical and radiographic examination.

Acute lateral ankle sprains are graded from 1 to 4 [5]. 
Swelling only present on examination in grade 1 (few fibers 
of the lateral ligaments are stretched or torn). A lateral hema-
toma can be found in grade 2 sprains (complete tear of the 
ATFL and CFL). In grade 3, lateral and medial hematoma 
can be found, and typically weight bearing is not possible 
due to pain (lateral and medial ligaments are torn). Stage 4 is 
associated with additional injuries: fractures, syndesmotic 
lesions, and/or chondral/osteochondral lesions [6].

The goal of treatment after an acute ankle sprain is to reduce 
the risk of recurring ankle sprains, and chronic ankle instability. 
Conservative treatment is the management of choice for grade 
1–3 ankle sprains in all patients. Early symptomatic treatment 
aims to reduce pain and swelling (Rest, Ice, Compression, 
Elevation [RICE]), and should be followed by a good stability 
protection (brace or walker depending on the grade of sprain), 
early ROM exercises, strengthening, proprioception, and activ-
ity-specific training under physiotherapeutic supervision. The 
time taken for a return to sports specific training and return to 
competition is dependent upon the athlete’s ability to perform 
the functional requirements of the sport and varies from 1 to 6 
weeks. Additional stabilizing measures in the game situation 
like taping and orthotics can be helpful. Surgical treatment is 
recommended for grade 4 ankle sprain. The surgery should start 
with an arthroscopical joint inspection to assess the extent of 
intraarticular damage. Ligament reconstruction has to be per-
formed due to anatomical conditions. One option is direct ana-
tomic ligament reinsertion with a modified Brostroem/Gould 
procedure [7]. Platelet rich plasma can be added on the repair 
site, to augment ligament healing [8]. Syndesmotic injurys need 
to stabilized (screws, non-resorbable rope). Various stabilization 
devices ie screws or tight rope can be used. Chondral or osteo-
chondral lesions have to be debrided or fixated.

 Bruises and Contusions

Contusions to the shins and thigh are among the most common 
injuries in soccer [9, 10]. Though most contusions are minor in 
nature, severe injuries and complications can occur. Most bruises 
are acquired by player’s contact with an opponent’s foot, knee or 
elbow. Pain, swelling, and reduced muscle- function are typical 
symptoms. Opening examination can reveal a variable amount 
of swelling and tenderness. Fractures are rare, but need to be 
ruled out by radiographs if suspected on clinical examination. 
Initial treatment includes ice and compression with restriction 
from activity dependent on the severity of the injury. Analgesics 
may be necessary. Intensity of physical therapy should account 

for severity of the symptoms: careful stretching of the affected 
muscle group followed by gradual strengthening and progressive 
functional activity. Before returning to play, full range of motion 
full range of motion, symmetrical strength and a demonstrated 
ability to perform the functional requirements of the soccer have 
to be reached. Possible complications include muscle tears and 
ruptures, compartment syndrome and myositis ossificans.

 Fractures

The kinetic energy generated by kicking the soccer ball, is usu-
ally is usually dispersed by the ball itself, and the lower extrem-
ity during the follow through movement. Miskicks or slide 
tackles are the source of severe injuries. Fractures may result by 
energy transfer from an opponent’s lower leg. The incidence of 
fractures in soccer has been reported to range from 1 to 9.7 % of 
all injuries [11]. Most of those (75 %) occur during competition 
[12]. Of all lower leg fractures, ankle fractures are the most 
common (36 %), followed by fractures of the foot (33 %) and 
the tibia (22 %). McCarroll and el assessed 4018 youth soccer 
players and found a fracture rate of 9.7 % of all injuries. Of the 
17 documented fractures, only 4 were found in the lower 
extremity [9]. Hoff and coworkers found a 2 % incidence rate 
for fractures in outdoor soccer, and 8 % for indoor soccer [6]. To 
our knowledge, there is no data on the exact classification and 
morphology of ankle fractures in soccer. Overall, a supination-
external rotation force is the most common cause of ankle frac-
tures in sports. Other less common fracture in soccer are 
metatarsal fractures and lisfranc fractures/lesions. In soccer 
players, stress fractures of the fifth metatarsal account for 78 % 
of all stress fractures [13]. Those fractures can cause long 
absences from training and competition for more than 3 months.

 Chondral/Osteochondral Lesions

Osteochondral lesions describe the presence of a cartilage- bone 
defect, usually located at the talus. Acute lesions can occur in 
soccer due to ankle sprains or ankle fractures. In professional 
soccer players is important to do in severe ankle sprains an exten-
sive imaging with conventional radiographs and MRI (here if 
possible: Arthro-MRI). In ankle fractures the diagnostic ankle 
arthroscopy at the time of fracture fixation visualizes possible 
hidden chondral or osteochondral lesions. Missed acute osteo-
chondral lesions have tendency not to heal  properly and become 
chronic lesions, causing pain and play disability. Synovial fluid 
is pressed into the fracture fissure, which theoretically prevents 
bony union and can lead to cystic degeneration of the subchon-
dral bone [15]. Ankle joint instability, especially lateral instabil-
ity, increases joint pressure on the medial talus, where most 
lesions are located. It is unclear whether lateral instability is a 
etiologic factor of osteochondral lesions, or if increases the 
symptoms of an  preexisting lesion [14]. Symptoms are pain, 
swelling and reduced range of motion. If an osteochondral lesion 
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is suspected on clinical examination, further radiological diag-
nostics involving MRI and/or CT is recommended. Surgical 
reconstruction depends on the size and location of the lesion, and 
can be performed either in acute lesions as arthroscopic debride-
ment, microfracturing, or refixation, or in chronic lesions as one-
step repair (microfracturing, AMIC, OATS) or two-step repair 
(ACI, MACI) (Fig. 52.1) [16]. Additional  biological healing 
 augmentation with platelet rich plasma (PRP) has been described 
for treatment of cartilage lesion [17].

 Tendon Lesions

The tendons most prone to injury in soccer are: Achilles ten-
don, peroneal tendons, posterior tibial tendon, flexor hallucis 
longus tendon, posterior tibial tendon [18]. Achillodynia can 
be commonly found, with potential causes being Achilles ten-
dinitis (acute overuse or equipment problems, systemic rea-
sons, chronic degeneration), midportion tendinopathy 
(degeneration), insertion tendinopathy (with possible bony 

a b c

d e f

Fig. 52.1 Severe eversion trauma. This professional soccer player sus-
tained severe eversion trauma with luxation of the ankle joint, while 
kicking a ball blocked by the opponent’s foot, resulting in a syndes-
motic injury, rupture of the interosseous membrane and high fibular 
fracture (Weber C) (a, b). Open exposure revealed disrupted chondral 

fragments on the medial talar edge, and a deltoid and syndesmotic rup-
ture (c). The chondral flakes were removed, microfracturing of the 
medial talus edge lesion was performed (d), and the deltoid and spring 
ligaments were reconstructed anatomically (e). Two syndesmotic 
screws were inserted (f), which were removed 8 weeks postoperatively
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spurs, through overuse), malalignment of the ankle joint, or 
Haglund’s deformity. Most tendinopathies can initially be 
treated conservatively with excentric exercises, therapeutic 
ultrasound, adaptation of training intensity, choice of shoes, 
PRP infiltrations, and other [19]. Another frequent issue are 
the Achilles tendon ruptures which can be frequently found in 
soccer players. Nine of 100.000 Achilles tendon ruptures can 
be attributed to soccer [20]. The risk for rupture is higher with 
increased training intensity. Interestingly, the risk of rupture 
is three times higher before then during competition season 
[21]. The typical location of rupture is approximately 2–6 cm 
proximal of the insertion in the tuber calcanei. Vascularity of 
this area decreases with increasing age, therefore healing 
potential of this particular region is reduced [22]. Clinical 
examination shows a pathologic Thompson-test and a palpa-
ble gap in the tendon. MRI and ultrasound are helpful adjuncts 
to confirm the clinical diagnosis. Conservative treatment is 
not recommended in high demand athletes [23]. Our pre-
ferred surgical technique is a mini-open technique with ana-
tomic reconstruction of the soleus muscle attachment. 
Postoperatively a plantar flexion shoe with a 30° plantar flex-
ion wedge for week 1 and 2, a 15° wedge for week 3 and 4, 
and plantigrade after week 5 is necessary to avoid pathologi-
cal tendon overlength, which causes plantar flexion force 
reduction and therefore reduced sprint power. An individual 
adapted rehabilitation program in cooperation with team 
physiotherapist and conditional trainer is essential.

 Anterior Ankle Impingement

The anterior ankle impingement syndrome (soccer ankle) is 
caused by anterior osteophytes on the anterior tibia and talar 
neck resulting in soft-tissue or bony impingement on ankle 
dorsiflexion. Anterior ankle pain with reduced and painful 
dorsiflexion, catching, and subjective feelings of giving way is 
typical. Up to 60 % of professional soccer players are affected 
[24]. Lateral ankle radiographs reveal “kissing osteophytes”. 
The formation of the osteophytes is not fully understood. 
However bony spur formation may be due to traction from 
repetitive micro-trauma (damage to anterior ankle cartilage, 
and forced plantar or dorsiflexion causing traction on the joint 
capsule) [25]. If conservative treatment fails most of these 
lesions can be burred away arthroscopically, and in cases of 
more extensive bony formations by minimal open excision.

 Etiology and Pathomechanism

Generally one can differentiate intrinsic and extrinsic factors. 
Intrinsic factors are such concerning the particular athlete ie 
joint flexibility, ligamentous laxity, muscle tightness, func-
tional instability, previous injuries, inadequate rehabilitation. 
Load of exercise, inadequate equipment, field conditions and 
foul play are being considered extrinsic on the other hand 

[26]. Intrinsic factors are hard to quantify, and can be under-
estimated. Most important individual factors for high risk of 
injury are a previous injury, and inadequate rehabilitation 
after injury [27]. Simple injuries can be followed by severe 
injuries [28]. Persistent symptoms after injuries can be a pre-
cursor of further injuries in the future. General ligament lax-
ity, previous strain, ligament instability and isokinetic ankle 
force seem not to be associated with the risk of injury [29]. 
However, a muscular misbalance, e.g. between eversion and 
inversion force of the foot has been shown to be a risk factor 
[29]. Slow reaction time was shown to be an additional risk 
factor for injury [30]. The most important extrinsic risk factor 
seems to be foul play, which is committing an unfair act by a 
player against another, usually involving illegal body contact 
(Fig. 52.2). This makes up to 23–33 % of all injuries [31]. 
Certain forms of engaging the opponent, like tackling, where 
a player attempts to take the ball away from an opposing 
player by deliberately leaving his feet and sliding along the 
ground with one leg extended to push the ball away from the 
opposing player, can cause severe injuries. Injuries can be 
also caused due to collision when jumping for a header, or 
landing. However, many of the injuries are caused without 
direct body contact. Soccer shoes are equipped with cleats for 
better grip on the turf. Getting stuck on turf leads to unusually 
high load and torque in the knee and ankle joint. The compo-
sition of the soccer playground might influence the injury 
rate. It has been suggested that soccer players are at greater 
risk of sustaining ankle sprains on artificial turf, wherein less 
muscle strains are expected [32].

 Epidemiology

Soccer is to be considered one of world’s most popular sports, 
with participants being women and men of all age groups and 
skill levels. Overall, soccer injuries are more  frequent with 
higher age of the participants, while incidence of injury  
in preadolescent players is low [33, 34]. The incidence of 

Fig. 52.2 Foul Play: Lesion of a soccer player during offensive 
contact
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injuries during practice is lower than during competition 
(about 1:2) [35]. Amateur soccer players have less injuries 
then professional soccer players [1]. The most common site 
of injury in soccer player is the lower extremity. Breaking it 
down further, the most injured joint is the ankle joint (0.17–
6.52 per 1000 person hours), followed by the knee and the 
thigh [1]. Of all foot and ankle injuries, ankle sprains are the 
most common (80 %), then bruises (9–49 %), and tendon 
lesions (2–23 %) (Table 52.1). With 1 % of all ankle injuries 
in soccer, fractures are very rare [42].

 Therapy (On the Field, Conservative, Surgical)

For specific injury therapy, please see the following injuries 
subsections.

 Prevention

Prevention measures are needed not only to prevent acute 
injuries, but also long term effects of injuries, like osteoar-
thritis [43]. Important prerequisites for preventing injuries is 
a structured warm up training (FIFA 11+ program) [39] and 
professional coaching [40]. Shooting exercises can lead to 
muscle strains, if adequate warm up is not performed [28]. 
Athletes starting playing soccer in a club before the age of 6 
years, are less prone to injuries. Players with long careers are 
usually more talented and have more endurance, which 
reduces the risk of injury [44].

Shin guards reduce the impact forces to the leg, thereby 
preventing or reducing the severity of soft-tissue injuries and 
fractures. Load forces were reduced 41.2–77.1 % at the ankle 
and knee with shin guards [45]. Boden et al. performed a 
retrospective review of 31 athletes who sustained a fracture 
of the lower leg from direct impact while playing soccer. Of 
those fractures, 26 (90 %) occurred while the player was 
wearing a shin guards [46].

Long enough rehabilitation time is needed after injury. 
Players returning to exercising with not sufficiently healed inju-
ries, have a higher risk of re-injury [47]. Taping has to be seen 
critically, because they give players an illusion of safety. The use 
of an orthosis after a sustained ankle sprain proofed to be benefi-
cial in terms of reducing the re-injury rate [48]. In soccer players 

without previous history of sprains, there is no decrease in risk. 
Balance board training showed not to be useful in prevention of 
severe knee injuries in female soccer players [37].

 Evidence (Description of Highest Evidence 
with Mentioning the Level and Grade 
of Evidence)

For literature and evidence see Table 52.1.

 Summary

• Soccer is a physically demanding and highly competitive 
sport with a high rate of injuries.

• The foot and the ankle joint are especially at danger.
• Risk factors of foot and ankle injuries in soccer players 

are: lack of structured warm up training, neuromuscular 
deficits, inadequate training, chronic fatigue, previous 
injuries, foul play, artificial turf, and others.

• While the most common injury is the ankle sprain, 
complex injuries like fractures, ligament tears, and car-
tilage damage can occur. Such injuries have a high 
impact on the player’s career. Professional soccer play-
ers are pressured to meet the expectations of the clubs, 
and the public.

• While most injuries to the foot and ankle joint can be 
treated conservatively, complex injuries require anatomic 
reconstruction to allow for quick rehabilitation and return 
to play earliest possible.
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Floorball

Markus Wurm and T. Schlemmer

Abstract

Floorball is a relatively young sport (founded in 1986) compared to others like soccer or ice 
hockey however has a rapid growing community. In 1998 there were 151,547 registered 
floor ball players in 19 countries. In 2014 records revealed 300,133 registered players in 58 
countries. Nordic countries together with Czech Republic and Switzerland exhibit the big-
gest communities.

Floorball is played on an indoor rink measuring 40 × 20 m enclosed by 50 cm high 
boarders.

A standard floorball (approx. 23 g) comprises 26 holes, is composed of plastic and shows 
a hollow design. It further provides dimples to reduce air resistance which allows top speeds 
up to 200 km/h [1].

Knee and ankle joint are two of the most affected injury sites besides head and neck. 
Collisions with opponents, predisposing factors, equipment (stick, ball) and overuse are the 
most common reasons for injuries in floorball [2].

Neuromuscular training can prevent sports related injuries in floorball.
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 Introduction

Floorball is a relatively young sport (founded in 1986) com-
pared to others like soccer or ice hockey however has a rapid 
growing community. In 1998 there were 151,547 registered 
floor ball players in 19 countries. In 2014 records revealed 
300,133 registered players in 58 countries. Nordic countries 
together with Czech Republic and Switzerland exhibit the 
biggest communities.

Floorball is played on an indoor rink measuring 40 × 20 m 
enclosed by 50 cm high boarders.

A standard floorball (approx. 23 g) comprises 26 holes, is 
composed of plastic and shows a hollow design. It further 
provides dimples to reduce air resistance which allows top 
speeds up to 200 km/h [1].

Knee and ankle joint are 2 of the most affected injury sites 
besides head and neck. Collisions with opponents, 
 predisposing factors, equipment (stick, ball) and overuse are 
the most common reasons for injuries in floorball [2].

Neuromuscular training can prevent sports related inju-
ries in floorball.
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 Injuries

Ankle sprains are the most common injuries in floorball 
since it is marked of fast directional changes. These can lead 
to ligamentous strain or even tear besides fractures. Snellman 
et al. showed 62 % of injuries on lower extremities during a 
one-year prospective observational period in 2000. 20 % of 
recorded injuries concerning the ankle joint were acute 
sprains. Ankle damage was subdivided into sprains, soft tis-
sue overuse injuries, muscle strains, ligament tears and frac-
tures [2].

There is neither big nor strong data on foot and ankle inju-
ries in literature regarding floorball; however, Ullius showed 
58 % of injuries concerning the foot and ankle [3].

Pasanen et al. reported on 29 % acute ankle injuries 
whereas 95 % were ligament injuries. On the other hand they 
encountered 22 % overuse injuries on calf/shin [4].

Traumatic ankle injures in both sexes occurred in 27.5 % 
with a higher count in women according to Tranaeus et al. in 
2016. They presented a prospective cohort study and injury 
profile of 12 swedish elite floorball teams. Overuse injuries 
were most common in female ankles compared to back pain 
in male [5].

 Etiology and Pathomechanism

Floorball is one fast indoor sport and subsists by quick direc-
tional changes. Sticky ground and abrupt breaks are reasons 
for ligament injuries of the lower extremity. Causes for inju-
ries of the foot and ankle are collisions with an opponent, 
predisposing extrinsic and intrinsic factors, overuse, stick 
and sudden movements. Furthermore Pasanan et al. illus-
trated 45 % of traumatic injuries arising without rival con-
tact. Acute injuries (83 %) are far more common than overuse 
injuries (17 %) [2]. Lower extremity injuries seem to be more 
common and severe than in upper extremity. Most injuries 
occurring in floorball can be treated outpatient and hospital 
admission is rarely needed [4].

Exposure, training (amount, frequency, intensity and 
type) as well as environment and equipment are ranked 
among extrinsic factors. Physical characteristics, i.e. age, 
gender, previous injuries, joint mobility (laxity), ligamen-
tous instability and psychological profile are considered 
intrinsic factors [6].

Reasons for relatively high count on non-contact inju-
ries remain unclear yet possible factors may be friction 
between shoes and (sticky rubber-) floor, lack of proprio-
ception as well as condition training. Injury rate in training 
is relatively low compared to game hours despite a quite 
high amount on non-contact injuries, which is presumed 
less during practice [2, 4].

 Epidemiology

Snellmann et al. showed an overall injury incidence of 
1–23.7/1000 floorball hours whereat the numbers where 
drastically higher during game time compared to training 
time [2].

Recent studies showed equal data between 2.6/exposure 
hours in men and 3.9 in women. They further distinguished 
preseason injuries (14 %) and game season injuries (42 %) 
which indicates a higher risk for game play than training [5]. 
Men’s handball reveals comparable numbers of injuries 
between 0.6/1000 h during practice and 14.3 during game 
time [7]. Soccer injuries occur between 7.6/1000 practice 
hours and 16.9/1000 game hours [8]. Lower extremity is 
affected in 62 % of floorball injuries whereas 20 % are being 
omitted to the ankle joint [2, 9].

 Therapy (on the Field, Conservative, 
Surgical)

Ankle sprains should be treated with special attention since 
adolescent players can ultimately develop ankle instability 
with demoralizing results on their future career.

The acquainted RICE- routine is one option being applied 
within acute injury (Rest, Immobilization, Compression, 
Elevation).

Mild injuries (ligament strains, sprains without tears) 
should be treated functionally and adapted to pain levels. 
External stabilization (i.e., taping, external braces, orthotics) 
can be applied to ensure no further spraining. Moderate and 
severe injuries should to be immobilized since partial tears or 
even tears need 6–8 weeks healing time.

It is important to distinguish between recreational and 
elite athlete. Furthermore talking to the athlete and gaining 
an overall idea is crucial to elucidate the need for a fast 
return to sports. In the first phase balance and neuromuscu-
lar training (without maximal degree of utilization) fol-
lowed by agility are feasible concepts. These should always 
be accompanied by endurance training to keep stamina lev-
els high.

A steady proprioceptive training beside sports specific 
motion patterns can additionally be implemented. Of course 
physiotherapeutic measures are one mainstay of a fast return 
to sports.

Surgical treatment has to be adapted to athlete’s needs and 
the particular injury as well as injury pattern.

Overuse injuries may be treated with a short downtime for 
athletes. Sometimes it is enough to only keep athletes from 
game play for a short period. Furthermore special adapted 
measures (ie rest, physiotherapy or swimming) can achieve 
potent results [9].
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 Rehabilitation and Return-to-Sports

Tranaeus et al. presented an injury profile in swedish elite floor-
ball players. Results displayed majority of occurred damages 
being categorized as mild. The ankle joint showed highest num-
bers in mild female injuries (14.5 %) yet to be on top of moder-
ate injuries in male players (3.5 %). Injuries were classified on 
number of days absent from floorball whereas mild was to be 
defined ranging from 1 to 7 days. Further distinctions were 
moderate 8–30 days and severe with more than 30 days [5, 10].

It is notable that female athletes have a higher risk on “per-
manent medical impairment” injuries than their male corre-
lates [11].

Psychological components are an important factor, which 
is respected shabby to date. Of course physical stress factors 
have to be minimized yet the psychological ones often do not 
even find consideration. After repetitive injuries it is even 
more important to attend and supervise the athlete with 
regards to this aspects during potential long routes until return 
to sports [12].

 Prevention

Controlled trials revealed clear consent on a feasible reduc-
tion on sports injuries due to prevention programs. 
Strengthening of the lower extremity, plyometric, agility and 
endurance training besides protective equipment can help 
preventing acute and overuse injuries. Swift speed up and 
deceleration trainings can furthermore adapt ligaments and 
muscles to optimal preload and minimize ligament laxity [6].

Avramakis et al. conducted a study focused on sideward 
stability in floorball with regards of footwear. Subjects were 
asked to perform a defined sideward cutting movement with 
low-cut and high-cut shoe as well as barefoot style. They 
stated less supination in high-cut shoes then low-cut shoes, 
which appears to be a stabilizing factor [3].

Composition of the ground appears to influence the inci-
dence on injuries as well. Hard rubber floors reveals higher 
injury counts than parquet floors [4]

Neuromuscular training (NT) programs showed effective-
ness with regards of preventing acute non-contact injuries in 
female floorball players [13]. Furthermore NT improves 
sideways jumping speed and static balance [14].

 Evidence

Author(s), year Journal Focus
Level of 
evidence

Pasanan et al. (2008) Scand J Med 
Sci

Elite, Finland
Women

III

Author(s), year Journal Focus
Level of 
evidence

Snellman et al. 
(2001)

Ort & Clin 
Sci

Mixed, Men/
Women
Finland

III

Sobhani et al. (2012) Scan J Med 
Sci

Systematic 
review foot 
and ankle 
injuries

II

Tranaeus et al. 
(2015)

KSSTA Elite, Sweden
Female

II

 Summary

• Floorball is a fast growing indoor sport, which is charac-
terized by sudden directional as well as acceleration and 
decelerating changes.

• Ligament and muscle injuries of the lower extremity are 
common seen violations. Lower extremities are more 
often affected than upper extremities.

• Injury rate is approximately equal compared to other team 
impact sports like handball, basketball or soccer.

• The ankle joint is one of the most affected injury sites 
besides knee joint, head and neck. Downtime for athletes 
is relatively low due to a mostly rather mild course of 
injuries.

• Neuromuscular training showed effectiveness in prevent-
ing floorball related injuries.
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Golf

Erik C. Nilssen and William K. Whiteside

Abstract

Ankle and foot injuries are relatively rare injuries in golf. When they occur they are usually 
due to overuse or the swing mechanism with the most common being lateral ankle sprains 
and plantar fasciitis. Both lateral ankle sprains and plantar fasciitis are treated initially with 
conservative measures and typically resolve. If chronic lateral instability develops, surgical 
options such as the modified Brostrum exist with good long term results. Plantar fasciitis is 
treated with stretching of the gastrocnemius and plantar fascia specific stretches with good 
success. Surgical options for plantar fasciitis continue to evolve from the standard open 
partial plantar fascia release for those with chronic symptoms.
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 Introduction

In comparison to contact sports, golf is not considered a 
strenuous sport but injuries still occur. The most common 
musculoskeletal injury in golf is to the low back and upper 
extremity with ankle/foot comprising approximately 5 % of 
injuries among recreational to professional golfers [1–3]. 
Most injuries are typically caused by either the swing mech-
anism or chronic overuse with the most common being lat-
eral ankle sprains and plantar fasciitis.

 Injuries

Although not specific to golf, lateral ankle sprains and plan-
tar fasciitis are among the most common injuries.

 Etiology and Pathomechanism

Lateral ankle sprains are caused by an inversion injury that 
result in either attenuation or rupture to one or more of the 
ligaments on the lateral ankle. Typically, the Anterior 
Talofibular Ligament (ATFL) is the first ligament injured fol-
lowed by the Calcaneofibular ligament (CFL). A grading 
system is used to describe the ligament injuries with Grade I 
being a stretch injury; II, partial tearing; and III, complete 
rupture [3]. In golf this can be caused by either an inversion 
injury by walking on uneven terrain such as sand in the bun-
ker, a hill in the rough, or can occur during the swing phase. 
As the front foot moves from a pronated position during the 
backwing to an inverted position in the downswing and fol-
low through, body weight is shifted as the club contacts the 
ball which can result in an injury to the lateral ankle of the 
front foot.

Plantar fasciitis is the result of repetitive microtearing at 
the origin of the central band of the plantar aponeurosis at the 
medial tuberosity of the os calcis. This continuous trauma 
causes inflammation and pain most notably during the first 
steps in the morning as one gets out of bed. There may also 
be a component of traction neuritis on the first branch of the 
lateral plantar nerve as described by Baxter [4]. The walking 
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nature of golf plays a roll in the development of plantar fas-
ciitis and the fact that many athletes including golfers have 
tight gastrocnemius muscles [5].

 Epidemiology

Lateral ankle sprains are the most common musculoskeletal 
injury in the general population. They represent approxi-
mately 45 % of all sports related injuries and the incidence 
has been reported around 25,000 people per day [6]. Plantar 
fasciitis is also quite common with an incidence of 10 % in 
the general population [7].

 Therapy

Most lateral ankle sprains do well with nonoperative mea-
sures. If an acute lateral ankle sprain occurs during a round 
of golf and the player cannot walk on the injured foot then 
they should be removed from the game. Usually keeping the 
sock and shoe in place can help with swelling. The well 
known RICE procedure should be initiated. The Ottawa 
ankle rules regarding radiographs can be applied in the field. 
However, in our practice, we routinely obtain radiographs 
but MRI is not usually necessary unless there is a history of 
chronic instability where a peroneal tendon or osteochondral 
injury is suspected. Some period of immobilization in a 
CAM boot or low ankle brace may be necessary depending 
on the severity. Some Grade I injuries can be treated with 
immediate rehabilitation, however this is patient dependent. 
Typically, Grade II injuries respond to 1 week of rest prior to 
physical therapy, and Grade III injuries may need up to 2 
weeks of rest prior to rehabilitation. Surgical options such as 
the modified Brostrum lateral ankle ligament repair are con-
sidered if a patient fails 3–6 months of treatment and has 
persistent functional and mechanical instability.

Similar to lateral ankle sprains, nearly 90 % of plantar fas-
ciitis patients do well with nonoperative management [7]. It 
would be rare to have an acute flare up during a golf round 
since plantar fasciitis is a chronic overuse condition. Relative 
rest, stretching of the Achilles and plantar fascia, ice and 
NSAIDs can be initiated at any point for plantar fasciitis. 
Any number of physical therapy options exists including 
whirlpool, iontophoresis, phonophoresis, cryotherapy, and 
the Graston technique. A night splint can also be used which 
may prevent start up pain in the morning. Corticosteroid 
injection can also be considered. Radiographs are typically 
obtained but MRI rarely needed. EMG/NCV studies can be 
considered if the physical exam is concerning for nerve 
entrapment. Surgical options include open partial plantar 
fascia release with or without a tarsal tunnel release, gastroc-
nemius recession, and minimally invasive ultrasound guided 

release such as the Tenex procedure. Extracorporeal shock 
wave therapy (ESWT) can also be considered.

 Rehabilitation and Back-to-Sports

Physical therapy should be the initial treatment for patients 
with lateral ankle instability after a brief period of rest. Early 
proprioceptive training and peroneal tendon strengthening 
programs are necessary. This usually involves balance boards 
and Theraband conditioning against resistance. Taping or 
bracing can also be helpful during recovery. Once the golfers 
swelling and pain are diminished return to sport can be initi-
ated typically with a brace. Home exercises can help decrease 
the risk of recurrence and speed up the rehabilitation pro-
cess. Once daily activities cause no pain or instability return 
to sport can be considered depending on the patient as well 
as the Grade of injury. Return to sport can take up to 3 months 
after an acute ankle sprain. Luckily, golf does not required 
cutting maneuvers and return to this sport can be quicker as 
a result.

Plantar fasciitis typically does not require a prolonged 
period out of sport. Since this is a chronic overuse condition, 
as long as the golfer can play through the pain there is no 
harm in returning to golf. A consistent stretching program is 
the mainstay to plantar fasciitis treatment and this can be 
done during a round of golf.

 Prevention

The best prevention for ankle sprains is to wear good sup-
portive shoes. An orthotic may also help depending on the 
foot posture. If one has a cavovarus foot lateral posting in an 
orthotic may help reduce lateral ankle instability. Also 
strengthening the peroneal tendons and supportive structures 
around the ankle can be helpful. This can be done at home 
with Theraband exercises and proprioception training. A lace 
up ankle brace can also be used to keep the foot and ankle in 
a stable posture if the golfer has a history of ankle instability. 
Ensuring the golfer’s foot makes solid contact with the 
ground when hitting off uneven terrain can help prevent 
ankle injuries.

Plantar fasciitis can be prevented by a stretching program 
focusing on the triceps surae. There are several protocols that 
involve both eccentric exercises for the Achilles tendon and 
plantar fascia specific stretches. Inexpensive over the counter 
orthotics with a cushioned heel or heel cups alone can help. 
These can typically be placed in a good supportive golf shoe.

General guidelines for prevention of ankle/foot injuries in 
golf include warming up before playing with controlled calf 
stretching/strengthening exercises and ankle range of motion. 
Before beginning a round of golf, take practice swings to roll 
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through your feet and ankles in a controlled manner. The pain 
of plantar fasciitis can be controlled by stretching during the 
golf round such as after every hole, or waiting for the next 
shot. Consideration of a golf cart may be necessary if one has 
foot or ankle problems. If you must ride, keeping the foot and 
ankle inside the cart is essential to prevent fractures, and 
degloving injuries which could occur when the extremity is 
hanging out of the cart.

 Evidence

There is limited if any Level I evidence with Grade A recom-
mendations on treating specifically golf foot and ankle inju-
ries. There are several Level II and III studies regarding the 
modified Brostrum procedure in general. Messer et al. con-
ducted a Level III study that found fourteen of the sixteen 
patients who underwent the modified Brostrum procedure had 
no evidence of instability on physical examination or on stress 
radiographs at 34 months. However, five of the 16 patients had 
generalized ligamentous laxity [8]. More recently, Li et al in a 
case series (Level IV) found that 94 % of high level athletes 
with Grade III ankle sprain that failed 6 months of conserva-
tive measures were able to return to their preinjury functional 
level at two years [9]. Based on the evidence available, a Grade 
B recommendation exists for surgical stabilization with a 
modified Brostrum. In regards to nonoperative measures, 
Hupperets et al in a Level I randomized control trial found that 
proprioceptive training program after usual care of an ankle 
sprain is effective for the prevention of self reported recur-
rences, a Grade B recommendation [10].

In regards to plantar fasciitis, DiGiovanni et al compared 
two stretching protocols and showed that heel pain was elimi-
nated or improved at 8 weeks in 52 % of patients treated with 
the plantar fascia specific stretching program versus only 
22 % of patients in the Achilles tendon stretching program. At 
2-year follow-up, the study reported no difference between 
the two groups with 92 % of all patients reporting satisfaction 
(Level III) [11]. A case–control study by Riddle et al found 
that reduced ankle dorsiflexion was the strongest independent 
risk factor for development of plantar fasciitis (Level III) [5] 
suggesting that stretching can be efficacious. For symptom 
duration less than 4 months, tissue-specific stretching was 
favored over anti-inflammatory or orthotic modalities based 
on a survey study of AOFAS members by DiGiovanni. Once 
more than 10 months have lapsed, nearly 75 % of surgeons 
would recommend a variety of surgical procedures or shock 
wave therapy for chronic plantar fasciitis [12]. Based on the 
evidence, there is a Grade B recommendation for conserva-
tive measures with stretching as treatment for plantar fasciitis. 
As for surgical intervention, this is opinion only and no Grade 

can be assigned based on current evidence and the variety of 
surgical procedures available.

 Summary

• Although not specific to golf, lateral ankle sprains and 
plantar fasciitis are the most common foot and ankle con-
dition a clinician may encounter.

• Lateral ankle sprains typically resolve with conservative 
measures.

• If chronic lateral instability develops, surgical options 
exist with good long term results.

• Plantar fasciitis typically resolves with conservative mea-
sures with the cornerstone being calf stretching.

• Surgical options do exist for plantar fasciitis and continue 
to evolve from the standard open partial plantar fascia 
release.
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Gymnastics

Larry Nassar

Abstract

Artistic gymnastics is a sport in which the foot and ankle is the most commonly injured body 
area. The forces on the foot and ankle are very high in this barefoot sport. Simple inversion 
ankle sprains are the most frequent injury but more significant sever injuries can occur. 
Ottawa Ankle Rules are beneficial but remember their growth plates may remain open longer 
than usual since there maturation may be delayed. Rehabilitation needs to be done bare-
footed since it is a barefoot sport. Joint play of the foot and ankle is of therapeutic benefit. 
Progressions of force by performing a jump program may be an asset to assisting the gym-
nast back to safe performance. Skills progression needs to be done in manner in which a 
gradual progression of forces is reintroduced after an injury. Proper use of training aids can 
be a significant asset for injury prevention. Open and closed chain exercises, intrinsic and 
extrinsic muscle strength as well as static and dynamic proprioception/kinesthetic awareness 
exercises are all vital for a proper injury prevention program to have the best outcome.

Keywords

Gymnastics • Artistic • Foot • Ankle • Rehabilitation • Prevention • Manipulation • Training •  
Forces • Injury

 Introduction

Gymnastics is composed of several different sub groups 
within the sport. Trampoline and tumbling are one discipline 
and the trampoline component has recently been added to the 
Olympics. Acrobatics is another subset where partner stunt-
ing is involved and it has not been added to the Olympics yet. 
Rhythmic gymnastics is either done in a group as a team or 
as an individual and both are Olympic sports. Men’s and 
Women’s artistic gymnastics are the most popular Olympic 
sports. All of these sports have foot and ankle as one of their 
most commonly injured joints. This chapter is focused pri-
marily on the artistic gymnast.

 Injuries

Artistic gymnasts sustain a variety of foot and ankle injuries. 
Common injuries include:

 1. Anterior ankle impingement and bone spurs and high 
ankle sprains

 2. Posterior ankle impingement
 3. Medial ankle sprain
 4. Lateral ankle sprain
 5. Lisfrank joint sprain
 6. Severs, calcaneal apophysitis
 7. Achilles tendonopathy
 8. 1st MTP sprain
 9. Sesamoiditis
 10. Somatic dysfunction of the foot and ankle
 11. Stress fracture of the foot (cuboid, navicular, and 

metatarsals)
 12. Traumatic fractures to the foot and ankle
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 Etiology and Pathomechanism

The forces through the foot and ankle in artistic gymnastics 
are very high. The Achilles tendon sustains a force of 9000 N 
(about 15 time body weight) when the gymnast takes off 
from the floor to perform a double back salto [1]. When land-
ing the double back salto the Achilles tendon sustains a force 
of 25,000 N [2]. Fortunately, due to appropriate progressive 
training over the years, the tendinous tissue of a trained gym-
nast is able to adapt and sustain these excessive forces.

On the balance beam, the female artistic gymnast sustains 
up to 8000 N with landings at the talonavicular joint. For the 
vault, the basic handspring landing has a peak impact ground 
reaction force of 10.3 times body weight [3] Overall, from the 
research that has been done in gymnastics, it can be summa-
rized that, in general, the ground reaction forces during tum-
bling take offs from the floor exercise mat range from 10 to 14 
times body weight depending on the various tumbling skills.

The gymnast is able to train through these high forces 
with the use of training mats (sting mats) that can help 
decrease these forces. The real issue is when a gymnast per-
forms these skills and they mistakenly place their ankle/foot 
in an inversion/supinated and everted/pronated position, the 
forces become even more excessive and injury may then 
occur. When a gymnast lands partially off a mat or in a space 
between two mats, the forces become overwhelming and sig-
nificant injury occurs.

 Epidemiology

Artistic gymnastics is a sport in which every 4 years the rules 
change. In addition, there are relatively frequent changes in 
equipment. This changes the nature of the epidemiology of the 
sport basically every 4 years. This may explain why there has 
been no published prevalence data on lower extremity injuries 
affecting the female artistic gymnast. However, the foot and 
ankle always are the number one area of injury, in both men and 
women artistic gymnastics. When epidemiology studies are 
done, the inversion ankle sprain being the most frequent lower 
extremity injury, followed by calcaneal apophysitis [4, 5].

 Therapy

When a gymnast sprains her foot/ankle, it is important to use 
compression to help reduce the amount of swelling. In addi-
tion to the compression, ice may be applied, as well as eleva-
tion. These are the classic ways to treat acute swelling. In 
addition, the use of kinesio tape for swelling reduction may 
be applied first to the skin in a fashion to help with lymphatic 
drainage of the area.

Follow up imaging after initial injury is important. The 
use of the Ottawa Ankle Rules [6] are beneficial. However, as 

many gymnasts still have open growth plates, always assess 
the growth plates for injury. When radiographs are per-
formed, it is best to have comparison films done on the oppo-
site side to best asses for growth plate injury. In addition, 
with anterior and posterior ankle impingement radiographs 
of the ankle are beneficial to look for bone spurs, bone frag-
ments and an enlarged posterior talar process or os trigonum. 
For lisfranc injury, weight bearing radiographs are important 
to assess the gapping at the lisfranc joint.

The use of musculoskeletal ultrasound is beneficial in 
assessing ligament, tendon and bone pathology. It is becom-
ing more common for this imaging device to be present on 
site at competitions and is of benefit to assess the acute 
injury. For impingement, dynamic musculo-skeletal ultra-
sound may prove of benefit to actually see the impingement 
as the ankle is dorsi flexed or plantar flexed.

The use of platelet rich plasma (PRP) and prolotherapy 
have become more commonly employed to assist in liga-
ment/tendon healing. The prolotherapy may assist in scar-
ring of the ligaments to provide some stability to the foot/
ankle. The PRP may assist with the healing of tissue. For 
sesamoid bone injury, it is important to perform imaging 
studies to see if there is a fracture. For sesamoid pain and 1st 
MTP sprain a hard shoe insert with a cut out for the 1st MTP 
may be of benefit, either with a hard shoe or a walking boot.

 Rehabilitation and Back to Sports

Rehabilitation of the foot/ankle for the artistic gymnast 
needs to be done in bare feet as they are a barefooted ath-
lete. Work the extrinsic as well as the intrinsic muscle 
groups (Fig. 55.1). Static and dynamic proprioceptive/kin-
esthetic awareness and stability exercises are vital in the 
rehabilitation process.

Joint play to enhance talar tibial and tibial talar motions 
as well as the fibula on the talus [7]. This helps with proper 
plantar and dorsi flexion. The fibula frequently is anteriorly 
displaced when the gymnast sprains her ankle [8]. There 
then can be a restriction of ankle dorsiflexion of the talus on 
the tibia and the tibia on the talus with an anterior lateral 
ankle impingement. The treatment is to do joint mobiliza-
tion to first ensure the fibula is mobilized back posteriorly to 
its neutral position relative to the tibia and talus (Fig. 55.2). 
This mobilization may best be done in both the open and 
closed chain positions. The proximal tibial fibular articula-
tion needs to be assessed to ensure its proper position and 
motion too.

The high impact forces may create a depressed cuboid, 
pronated navicular, and restricted 1st metatarsal phalangeal 
joint motion. In addition the subtalar joint motion needs to 
be assessed. Joint play manipulation to these articulations 
may enhance the function and recovery of the injured 
gymnast.
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In addition to joint play, acupuncture is frequently employed 
with the care of the gymnasts on the USA Gymnastics National 
Team as an adjunctive therapeutic treatment. This therapeutic 
intervention has assisted these gymnasts in recovery from 
injury and sustained world class performance.

The lisfranc joint sprain has a multiple classification sys-
tem. Surgery is indicated in many cases. For the more minor 
sprain of the lisfranc joint that is non-surgical, there are ther-
apeutic interventions that can help. Leukotape P ® taping of 
the 1st metatarsal plantarward is key. Do not lift with the 
medial arch.

Return to gymnastics is best done with a sample outline of 
progressions that can be modified to fit the specific needs of 
the gymnast. Here is an example of this sample outline:

 1. Strengthen the foot and ankle intrinsic and extrinsic 
muscles

 2. Strengthen in both the open and closed chain positions
 3. Static and then dynamic proprioception/kinesthetic 

awareness
 4. Return to closed chain impact jogging and progress to 

jump rope as the gymnast proceeds to the jumping 
progression

 5. Jumping progression drills to allow for progression back 
to gymnastics skills.

The jumping progression consists of an incremental 
increase of height of jumps. Gymnasts perform mainly in for-
ward and backward movements so the progression has jumps 
forward and backwards. It is important for them not to com-
pensate so single leg jumps need to be incorporated. Separate 

Fig. 55.1 Ankle eversion using therabands and weights for extrinsic 
muscle strength and towel toe crunches for intrinsic muscle strength

Fig. 55.2 Anterior lateral ankle impingement located at the position of 
the “Lightning Bolt” may be caused from an anteriorly displaced fibula 
as the result of an inversion ankle sprain. Mobilization of the distal fib-
ula head from anterior to posterior in the direction of the arrow may 
help resolve the impingement
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the jumps into both phases - jump up and jump down. This 
helps isolate the ability to perform the push through the foot 
and ankle upwards off the ground first. Then the ability to 
land and absorb the impact force of landing. It is important to 
also ensure good form is used for both phases of the jump and 
by separating these, it is easier for the gymnast to accomplish 
this goal. Finally, based upon the gymnast’s ability to jump, 
skills can be added back to their training.

Jumping progression sample (Fig. 55.3):

 1. Jump up double legged forward 6 in.
 2. Jump up double legged backwards 6 in.
 3. Jump up double legged forward/backwards 12 in. and 

jump down double legged forward/backwards 6 in.
 4. Jump up double legged 18 in.1 forward and backwards and 

jump down double legged forward and backwards 12 in. 
and then add single leg jump up forward/backward 6 in..

 5. Jump down 24 in. two legged forward/backwards, jump 
up single legged 12 in. forward and backwards and jump 
down 6 in. single legged forward/backwards.

 6. Jump down 36 in. two legged forward/backwards, jump 
down single legged 12 in. forward and backwards

 7. Jump down 48 in. (the height of the high beam) double 
legged forward/backwards and jump down single legged 
18 in. forward/backwards

To help with the progression back to gymnastics skills, it 
is recommended to use the Tumble Trak® aids that are com-
monly found in the gymnastics clubs. By following the Jump 
Progression, the gymnast builds confidence in her injured 
extremity and the coach is able to assess the gymnast’s power 
and form in a more safe and controlled set of drills then by 
just attempting gymnastics skills. By  performing these jump 
drills, it then becomes safer to return to the gymnastics skills.

1 Jump up 18 in. is typically as high as needed, but the jump down can 
increase to help with the landing forces.

 Sample Skill Progression

• Once able to do the 12 in. jump up with both legs. The 
gymnast should be able to do jumps on the trampoline 
(tramp).

• Once able to do 18 in. double leg jump ups, 12 in. double 
leg jump down and 6 in. single leg jump up, she should be 
able to do leaps on the tramp, jumps on the floor exercise 
mat and start basic tumbling on the Tumble Trak® land-
ing into a safety pit.

• Once able to do the 12 in. jump up single leg and 6 in. 
jump down single leg, they should be able to try leaps 
involving the injured leg on the floor exercise mat and 
jumps on the beam. Sometimes the gymnast is able to 
tumble before doing leaps since the leap may require more 
force through the injured extremity then the tumbling.

• Once able to do 24 in. double leg jump ups and 18 in. 
double leg jump downs, then start basic tumbling passes 
on the floor exercise mat and she may be able to start 
leaps on beam.

• It is actually more difficult in many cases to do standing 
back handsprings as opposed to doing round-off back 
handsprings. The standing back handspring requires more 
strength and power to explode off the mat from a stance 
then what is needed to do the round-off back handsprings.

• The round off, however, sometimes is more difficult to 
return to then the back handspring. The lead leg in the 
round off may place more force on the anterior ankle 
which may create more discomfort. So this depends on 
the dominance of the leg in their skills.

• Front tumbling can be attempted at the same time as back 
tumbling. Depending on the skill of the gymnast and the 
injury, some gymnasts are able to do front tumbling with 
less difficulty then back tumbling especially if the injury 
is an anterior ankle problem.

• The progression of the leaps and jumps to the beam is 
more difficult for the gymnast to perform then the same 
skill on the floor exercise. This is because the beam is 

Fig. 55.3 Single leg jump up/down forward and backwards
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more rigid then the floor, requires more range of motion 
to fit the feet on the beam properly, and requires better 
balance/proprioception then on the floor exercise mat.

• If a Tumble Trak® Air floor is available in the gymnastics 
club, then progress the tumbling from the Tumble Trak® 
to the Tumble Trak® Air Floor and then to the regular 
floor exercise mat.

• Once able to perform tumble basics on the floor exercise 
mat, vault drills may be started.

• Tumbling on the balance beam is started with first tum-
bling the skills on the floor, then the low beam and then 
finally on the high beam.

• Dismounts should always be done into a safety pit at first.

 Prevention

Gymnasts need to work on injury prevention for the foot and 
ankle throughout the gymnastics season. Incorporated into 
each practice a variety of foot and ankle exercises may be 
included and progressed throughout the season. As mentioned 
earlier, open and closed chain exercises, intrinsic and extrinsic 
muscle strength, and finally static and dynamic propriocep-
tion/kinesthetic awareness exercises need to be incorporated. 
In addition, proper upkeep of the gymnastics equipment is 
vital for injury prevention. The safety landing mats, floor exer-
cise mats, and the vault runway must all be replaced once they 
are worn out. The use of training aids like “sting” mats, tram-
polines/Tumble Traks®, air floors, beam pads, and landing 
pits all can help reduce the forces on the gymnasts feet/ankles 
and aid in injury prevention when used properly.

 Summary

 1. The forces endured by the artistic gymnast are very high 
and proper positioning is vital to decrease injury.

 2. The rules in the sport of artistic gymnastics change sig-
nificantly every 4 year Olympic cycle. This creates 

 difficulty in performing epidemiology and comparing 
injuries. However, it is accepted that the foot and ankle 
are the most commonly injured joints.

 3. The use of proper training aids and proper maintenance of 
equipment is important for reduction of forces and injury 
prevention.

 4. A multifactorial approach to therapy is recommended. 
Ensuring proper joint play, muscle strength and proprio-
ception/kinesthetic awareness all help enhance the recov-
ery of the injured gymnast.

 5. The performance of jumping drills assists with the pro-
gression of the injured gymnast back to her skills.
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Handball

Christian Stelzenbach and Jochen Paul

Abstract

Team handball is one of the most popular sports worldwide and injuries of foot and ankle 
are common. Most of the injuries are ankle sprains and ligament injuries, tendon injuries, 
muscle injuries but even fractures might occur. Injuries can be divided into contact and non- 
contact injuries and the non-contact ones are more frequent. Probably as a result of fatigue. 
The trauma mechanism seems to be turning, landing after jumping and changing the direc-
tion with the feet in eversion and supine position. Contact injuries occur commonly while 
getting tackled by an opponent player. The injuries can be treated conservatively or with 
surgical procedures depending on the severity of the injury and concomitant lesions. The 
clinical examination is essential for choosing the best treatment option. An accompanying 
functional rehabilitation program is recommended for a fast return to sports. Proprioceptive 
training and coordination exercises seem to be quite important to reduce the frequency of 
recurrent ankle sprains and to decrease the risk of re-injuries.

Keywords
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 Injuries

Team handball is one of the most popular sports worldwide. 
Injuries can happen in handball like in other team activities 
and most injuries appear to be located on the lower extremi-
ties (54 %), especially at the ankle and knee [1–3]. Most of 
foot and ankle injuries are ankle sprains [1, 4–6]. In general, 
contusions, ligament injuries (beside ankle: talonavicular 
ligament, Lisfranc ligament,…), tendon injuries (as Achilles 
tendon), and fractures (e.g. Malleoli, Metatarsalia, Talus, etc) 
might occur in handball [3, 4, 7].

 Etiology and Pathomechanism

Sport injuries of the foot and ankle occur frequently and 
about 70 % of severe injuries are related to the lower extremi-
ties [8]. Ankle sprains seem to be the most frequent diagnosis 
leading to a handball player dropped out of a game [3]. Many 
of the injuries (30–50 %) during competition are due to over-
use and a quite high number of injuries occur in the second 
half of a handball game [2, 3, 8, 9]. On the one hand that 
might be caused by muscle exhaustion, lack of carbohydrates 
and the central neural fatigue. On the other hand it might be 
caused by the attempt of players to change the final result and 
they might take more risk [2, 8]. Furthermore the etiology of 
injuries can be divided in contact and non-contact injuries. 
Giza et al. (2003) reported that 35 % of the injuries were in 
consequence of contact with an opponent player while 65 % 
happened without contact [9]. Another study group showed 
that 69 % of the injuries of the lower extremities happened 
without contact to an opponent player [8]. At the end of a 
game the non-contact-injuries were incurred (58 %) as a result 
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of fatigue like above described [3]. Loss of body control 
while getting tackled seems to be the most common reason 
for a contact injury [2]. Furthermore the position of the hand-
ball players appears to be relevant. The higher injury inci-
dence of the back players (41 %) (followed by center players 
(19 %), goalkeepers (16 %), wing players (12 %) and line 
players (11 %)) can be attributed to burst movement, quick 
change of direction and more severe and numerous collisions 
with the opponent players with the consequence of exhaus-
tion [8, 10]. The trauma mechanism of injuries seem to be 
changing direction, turning and landing after a jump (feet are 
in a supine position and in eversion) [2, 8, 9, 11]. Piry et al. 
(2011) described that plant and cutting, (which means rotat-
ing your body while your foot is still on the ground) was the 
main mechanism (28.5 %) leading to injuries [8].

 Epidemiology

In a recent review Fong et al. (2007) considered articles pub-
lished over 29 years, from 1977 to 2005 [4]. They described, 
that prevalence of ankle injuries has been ranked as the most 
injured body site in most studies (24 sports, 34.3 %) [4]. But 
in this cases only the frequency of occurrence is described 
and conclusions of the severity of injuries cannot be drawn 
[4]. This results were confirmed by another study which 
showed that the highest incidence of injuries in handball hap-
pens at the ankle (23.8 %), followed by knee injuries (15.9 %) 
[8]. Within the 43 sports providing information about ankle 
injuries, in 33 sports ankle sprains were the most common 
injury. In handball the reported ankle injuries were all ankle 
sprains. The incidence rate of all injuries during handball 
training and competition per 1000 person-hours was 1.59 and 
during competition only the incidence rate per 1000 person-
hours was measured with 1.32 [2, 6]. Especially the incidence 
rate of ankle and foot injuries was measured with 0.8 (0.5–
1.1)/1000 exposure hours in that prospective study with play-
ers on a superior nonprofessional level [6]. Piry et al. (2011) 
described, that the incidence of injury per 1000 h of training 
was 21.5 times less than the incidence of injuries per 1000 h 
in competition, which might be due to the higher intensity 
(physical and psychological) during the matches or be reflec-
tive by the nature of competition [8, 10]. In a review about 
overuse of foot and ankle in sports Sobhani et al. (2012) 
reported, that stress fractures, Achilles tendinopathis and 
plantar fasciitis were the most commonly reported problems 
due to overuse which is explained by repetitive component of 
the lower extremity [12]. However, in that review the studies 
were focused only on elite athletes and studies about amateur 
groups were rare (4 %). So injury rates between amateur and 
elite athletes cannot be compared. The measured results of 
injury incidence are heterogeneous. They vary between 4.7 
[13] and 114 [14] injuries per 1000 h of competition such as 
0.4 [13] and 0.96 [3] injuries per 1000 h of training.

 Therapy

Acute therapy focuses on controlling pain and swelling. 
Therefore, first of all on the field the injured foot and/or 
ankle should be elevated and cooled. An early compression 
prevents swelling. The first line treatment is also known as 
the PRICE scheme: Protection, Rest, Ice, Compression and 
Elevation. It is also reported, that applying ice and using 
non-inflammatory drugs improve healing and speeds recov-
ery [15, 16]. Beside these acute treatment there are three 
more treatment options: Protection of the ankle with orthot-
ics, bandages, walkers or braces (according to grade of dis-
torsion), functional therapy with physiotherapy and 
operative treatment [17]. The exact clinical examination is 
essential to choose the sufficient treatment option. Without 
concomitant injuries a conservative therapy is initially 
aspired. The functional treatment after injuries of the foot 
and ankle shows better results in comparison to immobiliza-
tion. A higher percentage of patients returned to sport, the 
time to return to work was shorter, and fewer patients suf-
fered from objective instability and persistent swelling. In 
addition the functionally treaded patients were more satis-
fied [18].

In convalescence handball specific training with high 
impact forces (e.g. changing direction, jumping and uncon-
trolled movements while getting attacked by an opponent 
player) should be avoided during this time. Accompanying 
physiotherapy with lymphatic drainage can be performed. 
Functional treatment is possible and recommended to avoid 
the well documented degenerative effects of immobilization 
on bone, ligaments, joint cartilage, muscles and tendons [19]. 
Proprioceptive training with a tilt board should be started as 
soon as possible, usually after 2–4 weeks to improve the neu-
rovascular control and balance of the ankle. The efficacy of 
tilt board training is described in some studies, were it 
improves compensatory mechanisms and therefore another 
distorsion ankle trauma can be avoided [20–22]. Additional 
mobility training with muscle exercises, especially the pero-
neus muscle strengthening is recommended to reduce the 
period of disability [22].

Operative treatment is rare and depends on the severity of 
injury and the requirement profile (e.g. professional handball 
players vs. amateur players) [17]. Indications for an operative 
treatment are eversion injuries with medial ligamentous 
injury, non-stable syndesmotic injuries, symptomatic osteo-
chondral lesions of the talus and osseous ligamentous rup-
tures, or fractures. In professional sports an early operative 
treatment might bring the athlete faster back to a high level of 
sport and functionally therapy [23]. In some cases chronic 
ankle instability bedside persistent synovitis or tendinitis, 
ankle stiffness, pain and swelling can develop. In that case a 
surgical repair might be appropriate. The treatment option 
depends on the special kind of injuries and are described in 
the appropriate chapters in this book.
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 Rehabilitation and Back-to-Sports

Rehabilitation after injuries at the musculoskeletal system, 
respectively in foot and ankle, is very important, because 
the risk of re-injury is high. Often the next injury happens to 
athletes while they are not being totally recovered. Various 
foot and ankle scoring systems exist, but none of them have 
been validated the return to sport decisions [24]. Therefore, 
it is difficult to determine the critical point at which the ath-
lete can start playing handball or return to competition 
again. Functional rehabilitation - like strengthening exer-
cises, proprioceptive training and motion restoration, like 
above mentioned, − is preferred [15]. Clinical tests during 
the rehabilitation (tests of proprioception, range of motion, 
agility, and strength) asses physical readiness and can help 
with decision making of physical activity easier [24]. 
Miyamoto et al. (2014) showed, that athletes treated by an 
accelerated rehabilitation program after anterior talofibular 
ligament (ATFL) reconstruction returned 5 weeks earlier to 
full athletic activity than those ones treated by traditional 
rehabilitation with immobilization [25]. In patients receiv-
ing surgical treatment for ankle instability, a return to sports 
activities is allowed approximately three month after sur-
gery and a mechanical ankle support may be needed for 
about 6 month [22].

More information about rehabilitation and back to sports 
is given in the specific chapter in this book. 

 Prevention

Injuries in team sports are common. Therefore, programs 
with the aim of injury prevention are important. To our 
knowledge there are no specific prevention programs for 
handball, but recently published studies showed that it is 
possible to prevent lower extremity injuries in handball [13, 
26, 27]. They described, that the incidence of injury could be 
reduced significantly by implementing a structured warm-up 
program to improve running, cutting and landing techniques 
as well as neuromuscular control, balance and strength [13]. 
The peroneal muscle group plays a large role in dynamically 
stabilizing the lateral ankle-foot complex against an injuri-
ous moment [28–30]. In a comparison study of various ankle 
support advices with respect to inversion they demonstrated 
that taping and semirigid orthosis had a greater restriction 
than softshell or lace-up style brace [31]. Proprioceptive 
training and coordination practices seem to be important to 
reduce the frequency of recurrent ankle sprains [32]. Using 
appropriate techniques in changing the direction, landing 
and turning, can effectively decrease injuries of non-contact 
type [8]. Adaption of the applied handball rules, training and 
implementing preventive plans seem to decrease the inju-
ries - especially the severe ones [8]. In addition, more inten-
sive and coordinated exercise for the muscles of the lower 

extremity and taping could reduce the incidence of ankle 
sprain [33]. However, better primary treatment and programs 
for rehabilitation after instructions from physicians might 
reduce the incidence of re-injure [2]. Fong et al. (2007) also 
recommended, that ankle sprain prevention should be imple-
mented in sports like handball [4]. Close cooperation with 
the referees might help to make handball a safer sport [3]. 
Also the floor type might have an influence of the incidence 
of injuries. Already it has been shown, that the risk of inju-
ries increases on artificial floor (with generally higher fric-
tion) compared to wooden floor like parquet (with generally 
lower friction) [33]. Like above mentioned, proprioceptive 
exercises should be a part of every handball training. 
Moreover, adapting the recent handball rules like more 
breaks during competition or complete prohibition of attack-
ing an athlete while jumping can help to decrease injuries. 
Thus, more evidence in the field of the type of floor, training 
methods and modulation of competition rules is necessary to 
prevent more injuries. However, by all means, all injuries 
cannot be avoided in sports.

 Case Report: Handball Player with Chronic 
Lateral Ankle Instability

A 24-year-old non-professional handball player suffered a 
distortion of his left ankle during a handball game. 
Immediately he felt pain, his ankle was swollen and a few 
days later there was a hematoma around the ankle. He 
started a conservative therapy with physiotherapy and local 
application of NSAID. Half a year later he complained 
about instability and persistent pain. He described a pres-
sure pain in the area of the ATFL and the ventral ankle. 
Clinically the ankle was unstable lateral (lateral tilt ++) and 
the anterior-draw- test was positive. We did not find any 
osseous lesions in standard radiographs (Fig. 56.1). As the 
conservative therapy was unsuccessfully after another 3 
month and symptoms persisted we recommended a surgical 
treatment. First we performed an arthroscopy of the ankle to 
determine intraarticular pathologies. A lateral instability 
with an anterior subluxation of the talus and scarred, lacer-
ated lateral ligaments were observed. Therefore, we pro-
ceeded to open surgery. The ATFL was found to be 
elongated, the CFL well preserved but the connection of 
ATFL and CFL was divided. The ATFL and CFL were 
mobilized and cut at the insertion of the fibula. After prepa-
ration of the fibula with a rongeur we reinserted the ATFL 
and CFL with two transosseous sutures onto the fibula. 
Postoperatively the patient was mobilized in an Aircast-
Walker with 15 kg weight bearing for 4 weeks and after-
wards he began to raise the weight bearing slowly. 
Accompanying he got physiotherapy with proprioceptive 
training and could return to sport (jogging) after three 
months and to handball after five months.
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 Summary

• Team handball is one of the most popular sports world-
wide and injuries of foot and ankle are common.

• Most of the injuries are ankle sprains as well as contu-
sions, ligament injuries, tendon lesions (Achilles), muscle 
injuries, and fractures.

• Injuries can be divided in contact and non-contact ones.
• Injuries can be treated conservative or surgical depending 

on the severity and concomitant injuries.
• A functional rehabilitation program is recommended to 

return to sport and prophylactic proprioceptive exercises 
should be performed to decrease the risk of re-injury.
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Hiking, Mountaineering, Canyoning

Thomas Schlemmer, Andreas von Roll, Markus Wurm, 
and Victor Valderrabano

Abstract

Hiking and mountaineering is one of the most popular sports worldwide. Despite hiking 
does not seem to be an activity with a high risk of injury the incidence is surprisingly high. 
Possible reasons are the unfamiliar environment in high altitudes and the overestimation of 
one’s own capabilities. This chapter will show the risk factors of hiking and mountaineer-
ing, possible injuries, their treatment and prevention.
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 Etiology, Risk Factors and Pathomechanisms

Severe injuries at the ankle and foot occur due to falling and 
spraining, often as a consequence of physical exhaustion or 
inadequate technique or equipment (Fig. 57.1). In high alti-
tudes over 1500 m above sea level an acclimatization, even 
in young and healthy people is necessary to maintain physi-
cal function. If there is too little time to adapt, high altitude 
sickness with cerebral edema and edema of the lung can 
occur. In high altitudes dehydration and hypovolemia can 
lead to loss of concentration and as a consequence injuries. 
Also the function of the visual system can be impaired in 
high altitudes due to ultraviolet radiation and low level of 
oxygen, this can also lead to missteps and injury [1].

Hypothermia in wet and cold environment is also a risk 
factor for injury [2]. And of course improper equipment as 

inappropriate shoes and clothes can lead to injuries and 
death.

 Epidemiology

The typical hiker is male, between 30 and 40 years old [3, 4]. 
Most of the accidents happen at the weekend and in the after-
noon [5]. 4 out of 100.000 hikers die every year, 37 % of the 
fatalities are related to falling [6, 7]. The numbers of hikers 
and mountaineers over the age of 50 years was increasing 
from 1975 until 2010 when 22 % of injured persons in hiking 
have been older than 50 years in the USA [8]. 56 % of all 
injuries are lower limb injuries, 9–34 % are fractures or dis-
locations [3, 4]. After distorsions of the knee (17.5 %), ankle 
sprains are the second most frequent injury (15 %) [9].

 Acute Pathologies

 Blisters

Blistering is a frequent problem in hiking. Up to 57 % of 
participants report from blistering during hiking [10]. 
Blisters are a result of frictional forces that separate the epi-
dermal cells at the level of the stratum spinosum [11]. 
Blisters occur when friction force is applied over a longer 
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period, the higher the force the less cycles of stress on the 
skin are necessary for the development of blisters. Moist skin 
increases the friction force, very wet or very dry skin reduces 
the friction force [12]. As a result blistering occurs after 
more cycles.

The treatment of blisters is to keep the blisters intact 
whenever possible, otherwise the risk of secondary infection 
rises. To prevent infection, unroofing of accidental opened 
blisters is recommended. The unroofed blisters are best cov-
ered with hydrocolloid dressings. This kind of dressing 
decreases the pain and provides an ideal condition for heal-
ing [11].

So to prevent blisters it is necessary to reduce friction 
forces at the skin. Keeping foot dry is one option, wearing 

proper socks another. Best results are found with socks made 
of acrylic fibers [13]. In general socks with low friction 
against skin and insole seem to be the best choice [14]. 
Antiperspirant solutions might bring an advantage but study 
results are mixed, it might reduce blistering but frequent skin 
irritation is seen [15]. Taping of endangered areas can also 
prevent blisters. Under repeated low intensity stress on the 
skin it comes to epidermal thickening and as a consequence 
less blistering [11].

 Sprains

As mentioned above the ankle sprain is the second most fre-
quent injury in hiking activities [9]. Despite the often 
assumed, misleading minor severity of an ankle sprain it has 
a high potential for severe injuries with progression to a 
chronic condition. The ligaments most commonly involved 
are the anterior talofibular (ATFL) and calcaneofibular liga-
ment (CFL). Misdiagnosed or undertreated ligament injuries 
can lead to chronic ankle instability, which is an acknowl-
edged risk factor for the development of ligamentous post-
traumatic ankle osteoarthritis [16]. Cartilage lesions are 
often seen in ankle instability. Up to 98 % of ankles with 
injuries of the deltoid ligament show cartilage damage, up to 
66 % when the lateral ligaments are injured [17].

So in cases of ankle sprains with prolonged pain a chon-
dral or osteochondral lesion or a chronic ligament instability 
should be considered. In fractures with higher force involved 
the risk is even bigger and an arthroscopy of the tibiotalar 
joint should be part of every operative fracture treatment at 
the ankle.

For further detail please see Chap. 27 on acute ankle 
instability and Chap. 28 on chronic ankle instability.

 Frostbites

Of all mountain injuries 22 % are related to hypothermia. Of 
all areas the feet are affected in 57 % of all cases, mainly the 
first toe [18]. Skin freeze occurs as soon as the temperature 
of the skin sinks under −4 °C [19]. Frostbites are described 
in Grade 1–4 (Table 57.1). The on the field therapy includes 
rewarming in warm water of 37–39° Celcius for half an hour 
or until the color of the extremity turns into red or purple 
[20]. Rewarming should not be done if there is a possibility 
of refreezing until the arrival at a hospital, this can cause 

Grade 1 superficial, pallor, hypesthesia, edema

Grade 2 superficial, large blisters, filled with clear fluid, edema and erythema

Grade 3 deep, hemorrhagic blisters, black eschar

Grade 4 deep, muscles and bone involved, tissue necrosis, mummification

Table 57.1 Classification of 
frostbites

Fig. 57.1 Canyoning – An increasing sports causing foot and ankle 
injuries
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further damage. Rubbing will also produce more tissue dam-
age [20]. Due to hypoesthesia a rewarming over open fire or 
electric heaters is not recommended because of the inability 
to feel skin burns [21, 22].

During the painful rewarming process adequate analgesia 
is necessary. Additional to the peripheral rewarming a sys-
temic rewarming should be the aim. In cases with low core 
body temperature it should be avoided to move the extremi-
ties more than necessary to prevent the flow of cold periph-
eral blood into the body core, leading to further hypothermia 
which might be lethal. The sentence “Life before limb”should 
be remembered.

The best diagnostic tool to predict the amount of necrosis 
is the angiography and the technetium bone scan [23]. Too 
early surgical therapy with amputation should be avoided, 
the final expansion of necrosis can increase up to 45 days 
after exposure to the cold [18]. The only reason to amputate 
earlier is wet gangrene, infection and  sepsis [24].

Conservative treatment includes several possibilities. 
Hyperbaric oxygen therapy show mixed results, animal stud-
ies show no benefit, in human case series good results were 
seen [23].

In severe cases who present within 24 h after onset of 
symptoms, infusion with iloprost or thrombolysis with rtPA 
(recombinant tissue plasminogen activator) should be con-
sidered [25]. Contraindication is a high risk of bleeding com-
plication. In severe cases antibiotic therapy should be 

considered. Tetanus vaccination should be done when 
necessary.

 Chronic Pathologies

 Stress Fractures

Stress fractures in endurance athletes are most likely local-
ized in the tibia (49.1 %), followed by the tarsal bones 
(25.3 %), the metatarsal bones (8.8 %), the fibula (6.6 %) and 
the sesamoids (0.9 %). Bilateral stress fractures are seen in 
16.6 % [26]. Tarsal stress fractures are more frequent in older 
patients, stress fractures at the tibia and fibula are more likely 
in younger patients [26]. Calcaneal stress fractures are less 
common, due to this they are often misdiagnosed and treated 
as achillodynia or plantar fasciitis [27]. The average time for 
recovery is around 12 weeks, tarsal bones need the longest 
time to recover.

Further information please see Chap. 17.

 Achillodynia and Plantar Fasciitis

Hiking is a highly repetitive kind of sports. Over the time 
tendons and fasciae are under stress. This can lead to degen-
eration and ultimately rupturing (Fig. 57.2). Despite no exact 

a b

Fig. 57.2 Achilles tendon degeneration. (a) Chronic degeneration of the achilles tendon in cross sectional MRI. (b) Chronic degeneration with 
thickening of the achilles tendon in sagittal MRI
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numbers concerning the prevalence of achillodynia or plantar 
fasciitis in hiking are reported in the recent literature we know 
that in long distance running with similar movement patterns 
and also long duration of load the prevalence is high [28, 29].

Further information please see Chaps. 20 and 21.

 Paraesthesia

Paraesthesia is common in long distance hikers. Up to 34 % 
report from paraesthesia in general. Concerning the foot, 
most frequently the digitalgia paresthetica (7.5 %) and the 
tarsal tunnel syndrome (2.1 %) are seen [30]. These neuropa-
thies are normally self-limiting and resolve when patients 
stop hiking [30]. In high altitude neuropathic pain and/or 
paraesthesia can occur. In a Himalayan expedition 4.8 % of 
European participants reported from these symptoms [31]. 
These are not related to frostbite which is also seen more 
often in high altitudes. The symptoms resolved spontane-
ously 4–8 weeks after return to accustomed altitudes. The 
pathomechanism is not yet clear [31].

 Prevention

Using proper equipment and avoiding the overestimation of 
one’s own capabilities is the best prevention for acute and 
degenerative pathologies in hiking, mountaineering and 
canyoning.

Prevention of hypothermia is of course using proper equip-
ment and avoiding to wear wet clothes whenever possible.

Hiking boots with good fit and if necessary custom made 
insoles can prevent chronic pathologies like achillodynia and 
plantar fasciitis. A rigid boot which covers the ankle and has 
a tight fit at the distal lower leg can prevent sprains. Otherwise 
with the increasing rigidity of hiking shoes the risk of par-
aesthesia is increasing [32]. So a perfect fit of hiking shoes is 
important.

To keep the feet dry is not only prevention for blistering 
but also a prevention of interdigital mycosis.

Using hiking poles leads to less exertion at least for short 
time [33]. Further it decreases sagittal movement in all joints 
of the lower extremity [34] and increases lateral stability, 
especially when carrying heavy loads like a backpack [35]. 
So the joints of the lower extremity are under less stress and 
the risk of falling in rough alpine terrain is lower due to bet-
ter balance.

 Rehabilitation and Return to Sports

Depending on the kind and severity of the injury rehabilita-
tion can take significant time.

Especially chronic pathologies as plantar fasciitis and 
achillodynia can lead to a long absence in sporting 
activities.

As mentioned above, paraesthesia normally disappears 
when the triggering activity is ceased, but without proper 
modification of the equipment the risk of a return is given.

In sprains and fractures it is depending on the severity and 
kind of treatment when the hiking activity can be started 
again. As in every sport a slow rehabilitation with continuous 
increase of load and duration is recommended.

Concerning blisters a complete healing with complete 
formation of healthy skin should be awaited. Hiking the first 
time after healing, taping of the skin areas at risk can prevent 
from early new blister formation due to thin epidermis after 
blister healing.

In frostbites a steady state of necrosis should be awaited. 
In case of amputation the complete healing of the amputation 
stump and if necessary an adaptation of the shoes is 
recommended.

 Level of Evidence

Blisters (socks, shoes) Level I–II

Frostbite Level II–III

Fractures Level II–III

Distorsions Level II

Equipment (hiking poles) Level II

Paraesthesia Level III

 Summary

• Acclimatization to unfamiliar environment in high 
altitudes

• Do not overestimate your capabilities
• Do not underestimate the simple ankle sprain (OCL, 

chronic instability and their consequences)
• Use of appropriate equipment, especially shoes and warm 

clothes. Care taking of feet with regular nurturing and use 
of correct insoles if necessary

• Using hiking sticks reduces the strain on the lower limb 
joints, especially when carrying external loads

References

 1. Gibson A, McKenna M. The effect of high altitude on the visual 
system. J R Army Med Corps. 2011;157(1):49–52.

 2. Fischer R. Hazards of mountain climbing and hiking. MMW 
Fortschr Med. 2005;147(38):28–30, 32.

 3. Johnson RM, Huettl B, Kocsis V, Chan SB, Kordick MF. Injuries 
sustained at Yellowstone National Park requiring emergency 

T. Schlemmer et al.

http://dx.doi.org/10.1007/978-3-319-15735-1_20
http://dx.doi.org/10.1007/978-3-319-15735-1_21


489

 medical system activation. Wilderness Environ Med. 
2007;18(3):186–9.

 4. Ela GK. Epidemiology of wilderness search and rescue in New 
Hampshire, 1999–2001. Wilderness Environ Med. 
2004;15(1):11–7.

 5. Roberts DJ, Ouellet JF, McBeth PB, Kirkpatrick AW, Dixon E, Ball 
CG. The “weekend warrior”: fact or fiction for major trauma? Can 
J Surg. 2014;57(3):E62–8.

 6. Burtscher M, Pachinger O, Schocke MF, Ulmer H. Risk factor pro-
file for sudden cardiac death during mountain hiking. Int J Sports 
Med. 2007;28(7):621–4.

 7. Stephens BD, Diekema DS, Klein EJ. Recreational injuries in 
Washington state national parks. Wilderness Environ Med. 
2005;16(4):192–7.

 8. Platts-Mills TF, Hunold KM. Increase in older adults reporting 
mountaineering-related injury or illness in the United States, 1973–
2010. Wilderness Environ Med. 2013;24(1):86–8.

 9. Leemon D, Schimelpfenig T. Wilderness injury, illness, and evacu-
ation: National Outdoor Leadership School’s incident profiles, 
1999–2002. Wilderness Environ Med. 2003;14(3):174–82.

 10. Van Tiggelen D, Wickes S, Coorevits P, Dumalin M, Witvrouw 
E. Sock systems to prevent foot blisters and the impact on overuse 
injuries of the knee joint. Mil Med. 2009;174(2):183–9.

 11. Knapik JJ, Reynolds KL, Duplantis KL, Jones BH. Friction blis-
ters. Pathophysiology, prevention and treatment. Sports Med. 
1995;20(3):136–47.

 12. Knapik JJ. Prevention of food blisters. J Spec Oper Med. 
2014;14(2):95–7.

 13. Herring KM, Richie Jr DH. Friction blisters and sock fiber compo-
sition. A double-blind study. J Am Podiatr Med Assoc. 
1990;80(2):63–71.

 14. Dai XQ, Li Y, Zhang M, Cheung JT. Effect of sock on biomechani-
cal responses of foot during walking. Clin Biomech (Bristol, Avon). 
2006;21(3):314–21.

 15. Knapik JJ, Reynolds K, Barson J. Influence of an antiperspirant on 
foot blister incidence during cross-country hiking. J Am Acad 
Dermatol. 1998;39(2 Pt 1):202–6.

 16. Egloff C, Hügle T, Valderrabano V. Biomechanics and pathomecha-
nisms of osteoarthritis. Swiss Med Wkly. 2012;142:w13583.

 17. Hintermann B, Boss A, Schäfer D. Arthroscopic findings in patients 
with chronic ankle instability. Am J Sports Med. 
2002;30(3):402–9.

 18. Foray J. Mountain frostbite. Current trends in prognosis and treat-
ment (from results concerning 1261 cases). Int J Sports Med. 
1992;13 Suppl 1:S193–6.

 19. Mazur P. Cryobiology: the freezing of biological systems. Science. 
1970;168(3934):939–49.

 20. McIntosh SE, Hamonko M, Freer L, Grissom CK, Auerbach PS, 
Rodway GW, Cochran A, Giesbrecht G, McDevitt M, Imray CH, 
Johnson E, Dow J, Hackett PH, Wilderness Medical Society. 
Wilderness Medical Society practice guidelines for the prevention 
and treatment of frostbite. Wilderness Environ Med. 
2011;22(2):156–66.

 21. Murphy JV, Banwell PE, Roberts AH, McGrouther DA. Frostbite: 
pathogenesis and treatment. J Trauma. 2000;48(1):171–8.

 22. Biem J, Koehncke N, Classen D, Dosman J. Out of the cold: man-
agement of hypothermia and frostbite. CMAJ. 2003;168(3):305–11.

 23. Gross EA, Moore JC. Using thrombolytics in frostbite injury. 
J Emerg Trauma Shock. 2012;5(3):267–71.

 24. Mills Jr WJ. Frostbite. A discussion of the problem and a review of 
the Alaskan experience. 1973. Alaska Med. 1993;35(1):29–40.

 25. Handford C, Buxton P, Russell K, Imray CE, McIntosh SE, Freer L, 
Cochran A, Imray CH. Frostbite: a practical approach to hospital 
management. Extrem Physiol Med. 2014;3:7.

 26. Matheson GO, Clement DB, McKenzie DC, Taunton JE, Lloyd- 
Smith DR, MacIntyre JG. Stress fractures in athletes. A study of 
320 cases. Am J Sports Med. 1987;15(1):46–58.

 27. Weber JM, Vidt LG, Gehl RS, Montgomery T. Calcaneal stress 
fractures. Clin Podiatr Med Surg. 2005;22(1):45–54.

 28. Lopes AD, Hespanhol Júnior LC, Yeung SS, Costa LO. What are 
the main running-related musculoskeletal injuries? A Syst Rev 
Sports Med. 2012;42(10):891–905.

 29. Sobhani S, Dekker R, Postema K, Dijkstra PU. Epidemiology of 
ankle and foot overuse injuries in sports: a systematic review. Scand 
J Med Sci Sports. 2013;23(6):669–86.

 30. Boulware DR. Backpacking-induced paresthesias. Wilderness 
Environ Med. 2003;14(3):161–6.

 31. Ricart de Mesones A, Turón Sans J, Misiego M, Onaga Pueyo H, 
Real Soriano R, Botella de Maglia J. Neuropathic pain and dyses-
thesia of the feet after Himalayan expeditions. High Alt Med Biol. 
2002;3(4):395–9.

 32. Anderson Jr LS, Rebholz CM, White LF, Mitchell P, Curcio 3rd EP, 
Feldman JA, Kahn JH. The impact of footwear and packweight on 
injury and illness among long-distance hikers. Wilderness Environ 
Med. 2009;20(3):250–6.

 33. Jacobson BH, Wright T. A field test comparison of hiking stick use 
on heartrate and rating of perceived exertion. Percept Mot Skills. 
1998;87(2):435–8.

 34. Bohne M, Abendroth-Smith J. Effects of hiking downhill using 
trekking poles while carrying external loads. Med Sci Sports Exerc. 
2007;39(1):177–83.

 35. Jacobson BH, Caldwell B, Kulling FA. Comparison of hiking stick 
use on lateral stability while balancing with and without a load. 
Percept Mot Skills. 1997;85(1):347–50.

57 Hiking, Mountaineering, Canyoning



491© Springer International Publishing Switzerland 2016
V. Valderrabano, M. Easley (eds.), Foot and Ankle Sports Orthopaedics, DOI 10.1007/978-3-319-15735-1_58

Ice Hockey

Lukas Weisskopf, Julian Röhm, and Thomas Hesse

Abstract

Ice hockey is one of the most exciting and fast-paced team-sports played, however it also 
involves a high risk of injuries. Although injuries of the lower limb are common, injuries of 
the foot and the ankle are relatively rare, yet due to the long period of recovery not neglect-
able. Eleven to twelve percent of all injuries documented in ice hockey affect foot and 
ankle. Injury of the lateral ligament complex is seldom due to the protective design of the 
ice skates and because the typical pathomechanism of plantarflexion and inversion are lack-
ing. In contrast, the syndesmotic injury (“high ankle sprain”) is a typical injury in ice hockey 
due to the common pathomechanism of dorsiflexion, eversion and external rotation. If the 
radiograph proves evidence of syndesmosis widening, operative treatment is indicated. 
Usually high ankle sprains need up to 12 weeks to heal and cause the longest absence from 
practice and game due to injury in ice hockey. Bruises of foot and ankle are second most 
common after ligament injuries in ice hockey. Especially exposed bony parts like the mal-
leoli as well as the navicular and the base of the fifth metatarsal bone are at risk for bruises 
and fractures. The skate bite (also known as “lace bite”) is characteristic for ice hockey. It 
is an inflammation of the anterior aspect of the ankle due to wrong lacing technique or lack 
of padding. The latter and so called “boot-top-injury” can easily be prevented by wearing 
proper protection equipment.
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 Injuries

Ice hockey is one of the most exciting and fast-paced team- 
sports played [1], however it also involves a high risk of inju-
ries. Although injuries of the lower limb are common, 

injuries of the foot and the ankle are relatively rare, yet due 
to the long period of recovery not neglectable [1–7].

 Ankle Sprains/Syndesmosis

Due to the configuration and the rigidity of the ice skates up 
to supramalleolar level, injuries of the foot and ankle are rare 
compared to other ball sports and martial arts [8]. However 
the rigid fixation of the foot in the ice skates leads to a spe-
cific force distribution and consecutively to an accumulation 
of relatively rare injury patterns.

This makes injuries to the lateral ligament complex seldom, 
due to the protective and supporting function of the ice skates 
and the lack of the typical pathomechanism of  plantarflexion 
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and inversion. In contrast dorsiflexion, eversion and external 
rotation is more likely to occur, e.g. if the blade gets stuck in the 
ice and forces the ankle in external rotation and eversion 
(Figs. 58.1a and 58.2). A second injury mechanism, which can 
lead to syndesmotic injuries, is a fall over the tiptoe-position in 
combination with external rotation and dorsiflexion 
(Fig. 58.1b). The deltoid ligament and the syndesmosis are 
therefore at risk of injuries in ice hockey [3, 5, 9]. The current 
clinical diagnostic tests such as palpation of the tibiofibular 
ligaments, external rotation stress test and squeeze test as well 
as dorsiflexion range of motion (ROM) show low diagnostic 
accuracy. MRI or arthroscopy help to make a final diagnosis 
whether, and to what extent, a syndesmosis injury is present 
[10, 11]. In ice hockey 50–74 % of the ligament injuries of the 
ankle joint are syndesmotic injuries and compared to other 
sport more common (e.g. American Football 1.1–18.4 %) [12]. 
The average time loss for this kind of injury is the longest in ice 
hockey with 15 practices and 5.4 games missed [5].

 Bruises/Fractures

Bruises of foot and ankle are second most common after 
ligament injuries in ice hockey. Especially exposed bony 
parts like the malleoli as well as the navicular and the base of 

the fifth metatarsal bone are at risk for bruises [6] (Fig. 58.3). 
Fractures of these bones are seldom but possible when get-
ting hit by the stick or puck, which travels with a speed up to 
170 km/h and creates pressures of about 25 bar/10 cm [2, 
13]. Toe fractures are less common since the ice skates give 
good protection.

Fig. 58.1 (a, b) Typical pathomechanism for syndesmosis injuries with dorsiflexion, eversion and external rotation

Fig. 58.2 Typical pronation trauma with stress on the syndesmosis; 
© Weisskopf
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 Injury to the Tendons, Vessels and Nerves

Ice skates are commonly laced up to the top allowing differ-
ent tension application at different parts of the lacing to allow 
extra flexibility. This and when new or old, inflexible ice 
skates are used so called lace bite (also called “skate bite”) 
can occur [14]. Due to the high pressure and friction of the 
skate tongue on the anterior aspect of the ankle during the 
repeated dorsiflexion the tendons of toe extensors as well as 
the tibialis anterior tendon, which glide underneath the reti-
naculum, may get irritated [3]. Seldom thrombophlebitis 
may appear.

Injuries, like cuts or lacerations of the extensor tendons as 
well as the vessel-nerve bundle just above the shoe through 
direct trauma (“boot-top”-injury), are rare and can be pre-
vented by proper protective equipment. Case reports with 
complete laceration of the anterior tibial tendon in ice hockey 
have been published [15–17]. Also a traumatic complete rup-
ture of the posterior tibial tendon is described [18].

 Skin

In ice skates warm and humid conditions in combination with 
constant friction, shear forces, chronic pressure and collisions 
with surfaces promote critical skin conditions with fungal infec-
tions and inflammatory dermatoses. Maintaining good personal 
hygiene is very helpful in preventing transmission. Mechanical 
skin irritations can best be prevented by using well-fitted skates, 
proper lacing techniques and orthotic devices [19–21].

 Etiology and Pathomechanism

Ice hockey is one of the fastest sports played with players skat-
ing up to 45 km/h. The partly allowed body checking and the 
hard ice surface framed with rigid boards, the hockey puck, 
which is a disc made of vulcanized rubber, which weighs 
170 g and can reach speeds up to 170 km/h are all factors 
which can potentially increase the risk of injury [13]. All of 
these factors lead to different forces which act on the players 
and can cause different types of injuries. In ice hockey injuries 
can generally be divided into two types of pathomechanism:

High-speed – low mass injury (collision of body with puck 
or stick)

Low-speed – high mass injury (colliding with another player, 
the boards or ice surface)

 Epidemiology

The risk of an injury during a championship match in general 
is up to eight times greater than during training [22, 23]. The 
injury pattern is mostly direct body contact (50 %) followed 
by collision with the boards, ice surface, puck or stick (40 %). 
Only 10 % of the injuries observed occur without contact 
[22, 23]. Eleven to twelve percent of all injuries documented 
in ice hockey affect foot and ankle [2, 5]. Ankle- and 
ligament- injuries appear in 4–4.5 %, contusions to the foot in 
1.6–7.2 % of all ice hockey related injuries.

 Therapy (on the Field, Conservative, Surgical)

On-field therapy of the foot and ankle is difficult due to the 
protection gear and ice skating boots. Nevertheless, treat-
ment should be started with compression, ice and elevation 
as soon as possible.

Ligament injuries of the ankle will heal most of the time 
when treated conservatively. Syndesmotic ruptures with 
mortise widening, observed on weight bearing x-ray 
(increased total clear space), are exceptions. These injuries 

Fig. 58.3 Contusion of the medial malleolus through puck; © 
Weisskopf
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are severe and need to be treated by operative stabilization 
[24–26]. In high ankle sprains with a normal mortise even 
when stressed a staged conservative treatment can be per-
formed: reduction of pain and swelling, then return of motion 
followed by proprioception training as well as ankle strength-
ening. Once full weight bearing is tolerated the player can 
proceed with off-ice training. Finally return to normal sport 
levels can be up to 12 weeks after the injury [27–30].

Chronic irritations of the extensor tendons (“skate bite”) 
are treated conservatively with anti-inflammatory medication 
and mechanical unloading (e.g. padding) in the skating boot. 
Breaking in the tongue of the skate will also decrease the pres-
sure on the anterior aspect of the ankle. Traumatic boot-top 
injuries usually have to be treated operatively within a narrow 
time frame. Non-displaced fractures of the toes can be treated 
conservatively by splinting to the neighboring toe. Dislocated 
fractures should be reduced and need osteosynthesis.

 Rehabilitation and Back-to-Sports

Since in ice hockey twisting and turning is compulsory, high 
ankle sprains with syndesmosis injuries require a longer time 
to return to the on-ice activities compared to other sports. 
After the swelling is gone and strength is appropriate a func-
tional on-ice evaluation should be performed. Returning to 
the game despite pain raises the risk for chronic instability 
and re-injury. Usually high ankle sprains need up to 12 weeks 
to heal [3, 14].

Since the ice skates support and protect the lateral liga-
ments low ankle sprains need a significant shorter amount of 
time for a player to return to practice and game. Usually 
return to play can be achieved within a week however the 
complete ligament healing may take 6–12 weeks [3, 31].

 Prevention

Wearing proper protective equipment, not only for the foot 
and ankle region, is the most important prevention aspect in 
ice hockey [2, 3, 5, 13]. Injuries of the foot and ankle through 
direct trauma can be prevented by special padding and 
shields on top of the boot. In general, attention should be 
paid to well fitted, not worn-out high-quality equipment. 
Since the risk for lacerations due to sharp blades is increased 
in ice hockey, cut resistant equipment is available. Low and 
high ankle sprains can be prevented by taping [32].

 Evidence

Most of the cited studies are retrospective and Level IV of 
evidence. There are only few Level III studies concerning the 
diagnostic and treatment of syndesmotic injuries [28, 30, 

33]. Prospective, randomized studies are, to our knowledge, 
not available yet.

 Summary

• Ice hockey is one of the most exciting and fast-paced 
team-sports played [1], however it also involves a high 
risk of injuries.

• Although injuries of the lower limb are common, injuries 
of the foot and the ankle are relatively rare, yet due to the 
long period of recovery not neglectable. Eleven to twelve 
percent of all injuries documented in ice hockey affect 
foot and ankle.

• Injury of the lateral ligament complex is seldom due to 
the protective design of the ice skates and because the 
typical pathomechanism of plantarflexion and inversion 
are lacking. In contrast, the syndesmotic injury (“high 
ankle sprain”) is a typical injury in ice hockey due to the 
common pathomechanism of dorsiflexion, eversion and 
external rotation. If the radiograph proves evidence of 
syndesmosis widening, operative treatment is indicated. 
Usually high ankle sprains need up to 12 weeks to heal 
and cause the longest absence from practice and game 
due to injury in ice hockey.

• Bruises of foot and ankle are second most common after 
ligament injuries in ice hockey. Especially exposed bony 
parts like the malleoli as well as the navicular and the base 
of the fifth metatarsal bone are at risk for bruises and 
fractures.

• The skate bite (also known as “lace bite”) is characteristic 
for ice hockey. It is an inflammation of the anterior aspect 
of the ankle due to wrong lacing technique or lack of pad-
ding. The latter and so called “boot-top-injury” can easily 
be prevented by wearing proper protection equipment.
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In-Line and Roller Skating
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Abstract

At the height of their popularity, roller skating and in-line skating were a major public 
health concern. Roughly $4 billion dollars were spent in 1997 treating injuries related to 
these recreational activities. While most of these sports-specific injuries tend to be of the 
upper extremity, ankle injuries tend to be more severe that require operative treatment.
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 Injuries

The first reported use of roller skates was in 1743 on a 
London stage by an unknown inventor. Its modern four- 
wheeled counter part, the quad skate, was designed and 
patented by James Leonard Plimpton in 1863. Similarly, a 
primitive in-line skate was invented by John Joseph Merlin 
in 1760. This type of skate saw a resurgence in popular-
ity in 1987 when the Olson brothers started marketing the 
“Rollerblade” (Rollerblade, Inc., Minneapolis, MN) as a fit-
ness product [1].

The roller skate is inherently an unstable device that is 
designed for speed and maneuverability. They are designed 
with large polyurethane wheels that have bearings to improve 
roll and speed [2]. In-line skates are designed with a single 
row of four or five low-friction wheels that have greater 
maneuverability and speed than traditional roller skates. The 
skaters can achieve speeds up to 30 miles-per-hour [3].

Since 2000 however, a new iteration of wheeled shoes has 
become popular. These shoes have wheels in the heel (Heelys, 
HSL, Carrollton, TX) and allow a user to switch from walk-
ing to rolling by shifting the body weight backwards. In 2006, 
the producing company reported a 60 country worldwide dis-

tribution of 4.5 million pairs [4]. Another variation is the 
Street Gliders (Glowgadgets Ltd, Bristol, England) in which 
wheels are strapped to regular athletic shoes to combine 
walking with rolling only by shifting body weight.

The sports of roller and in-line skating have steadily 
declined since their peak in popularity in the late 1990s. In 
2012, the National Sporting Goods Association reported that 
7,851,000 and 7,451,000 participated in in-line and roller 
skating, respectively [5]. This is in steep decline from the 
29.1 million participants of in-line skating in 1997 [6].

The Consumer Products Safety Commission’s National 
Electronic Injury Surveillance System (NEISS) reported that 
the estimated rate of product-related injuries per 100,000 
population in the United States and Territories that were 
treated in emergency departments was 4.1/100,000 and 
24.7/100,000 for in-line and roller skating, respectively [7]. 
Taken in context, there were 102,820 estimated injuries in 
1996 and 12,828 injuries in 2012.

 Etiology and Pathomechanism

 Roller Skating

Ferkel et, al. reviewed 202 roller skating injuries in during a 
6 month period in 1979 [2]. 186 patients; 202 injuries. The 
average patient age was 25.3 years. The wrist was the most 
commonly injured bone (47 %), while the ankle was the 3rd 
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most common injury at 10 %. While upper extremity injuries 
were more common, the lower extremity injuries were more 
severe. Ankle fractures were of particular significance since 
they accounted for 46 % of all surgical cases. Based on the 
fracture pattern, the ankle was fractured via a rotational 
mechanism as no pronation abduction or supination adduc-
tion injuries were seen. The posterior malleolus was involved 
75 % of the time. Supination external rotation injuries were 
more prevalent in high top versus low top skates. The most 
frequent explanation for injuries was a loss of balance (61 %). 
Interestingly, more experienced skaters tended to need sur-
gery more so than the inexperienced ones.

Another study reported on the incidence of roller skating 
injuries [8]. At the time of the study (1983), roller skating 
injuries cost the United States health care system over $100 
million. Kvidera and Frankel looked at 35 fractures second-
ary to roller skating seen during a 6.5 month period in 1979. 
The average patient age was 25 years. Wrist fractures 
accounted for 77 % of the injuries. However, the one ankle 
fracture in the study required operative fixation.

Nayeem, et al. looked at the cost of the introduction of 
roller skating rink to the local emergency department [9]. 
During the 14 months of the study, 384 patients were treated 
with an injury. The foot and ankle were injured 11 % of the 
time. Out of the 32 ankle injuries, the ankle was fractured 
38 % of the time. 17 % of the ankle fractures required open 
reduction internal fixation.

One case report looked at a 9-year-old Australian junior 
female roller-skating champion [10]. The patient suffered 
from a medial malleolus stress fracture after a training regi-
men of 10 km around a 100 m track 3 nights a week in the 
same direction. An x-ray confirmed the stress fracture. The 
patient was successfully treated with activity modification 
over 3 months.

 In-Line Skating

The spectrum of in-line skating injuries range from cuts and 
scrapes to fatal head trauma. During the height of in-line 
skating’s popularity, the estimated annual cost of treatment 
for these related injuries was $4 billion in 1997 [11] Males 
accounted for a majority of those injured [11]. Sixty percent 
of the injured involved 10–14 year olds. The following risk 
factors have been implicated in increasing the odds of an in- 
line skating injury: inexperienced skaters, those performing 
tricks, skating in locations with railings, ledges, and ramps, 
and increased skating time per week [11, 12].

Most patients injure themselves with losing their balance 
and colliding or trying to avoid a collision with a stationary 
or moving object [12, 13]. In his study of in-line skating inju-
ries in Singapore, Goh et al. [14] described three mecha-
nisms of injury. In the first pattern, the patient falls forward 
with an outstretched hand and arm, resulting in an upper 

extremity injury. The second pattern, backwards, injures the 
head. The third mechanism results in a twisting injury to the 
lower extremity.

Injuries to the upper extremities (mostly the wrist) occur 
between 57 and 77 % of all injuries [15]. Of all wrist injuries, 
62 % are fractures [11]. The lower extremity accounts for 
roughly 19 % of all injuries [11]. In a study which docu-
mented 9 years of in-line skating injury data, foot and ankle 
injuries accounted for 4.5 % of all injuries. The ankle was 
fractured 83 % of the time the ankle was injured.

One study evaluated the difference of types of injuries 
seen in a emergency rom in Denmark in 1997 [16]. Of the 
300 in-line skaters and 107 roller skaters treated, 60.4 % had 
minor injuries such as sprains and abrasions and 39.6 % frac-
tures. Between skater groups, there was a statistically signifi-
cant difference in the types of injury. The most common 
serious injury was a distal radius fracture, which occurred 
about 25 % in both skater groups. Ankle fractures were 
aggregated into the lower extremity fractures (5.5 %: in-line 
and 7.5 %: roller skate) and therefore, specifics about the foot 
and ankle were unable to be determined.

 Heelys and Street Gliders

The number of injuries involving Heelys and Street Gliders 
has caused most American school districts and one town in 
England to ban the shoes [17]. The most recent study of the lit-
erature presented in this chapter comments on the epidemiology 
of Heelys and Street Gliders injuries [4]. This study reviewed 
the burden of Heelys injuries over a 2.5 month period at one 
emergency department in Ireland. 67 children were treated for 
fractures with an average age of 9.9 years. Heelys and Street 
Gliders injuries represented 8 % of the orthopaedic workload 
during the duration of the capture period. Six patients sustained 
foot and ankle fractures (9.0 % of all injuries). The majority 
of trauma were distal radius fractures (87 %). Most injuries 
occurred while the children were learning how to use the shoes.

 Therapy

If one suspects an ankle sprain or fracture, one should imme-
diately go the local emergency room or orthopaedic urgent 
care center.

 Rehabilitation and Back to Sports

There are no data to suggest a particular skating-specific pro-
tocol. The authors of the medial malleolus stress fracture 
suggested returning the athlete when she no longer had any 
medial sided pain. They also recommended skating in the 
opposite direction in which she was training [10].
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 Prevention

Personal protective equipment is highly encouraged. Safety 
gear includes: knee pads, elbow pads, wrist guards, and hel-
mets. Unfortunately, only 7 % of users actually use all four 
pieces of equipment [12]. In a study involving 161 patients 
[3], those who did not use wrist splints were 10.4 times likely 
to suffer a wrist injury compared to those who did. The 
absence of elbow pads contributed to a 9.5 odds ratio of 
increased chance of injury compared to those wearing elbow 
guards. Knee pads were not associated with a statistically 
significant difference in injuries. Safety equipment statisti-
cally decreases the risk of hospitalization from injury [18]. 
Though the risk of injury does not approach zero while wear-
ing protective equipment, the severity and incidence of inju-
ries is significantly decreased while wearing safety gear [11]. 
There is no literature to suggest that wearing safety equip-
ment reduces the frequency of foot and ankle injuries.

 Evidence

The level of evidence in this chapter is Level IV.

 Summary

• While roller skating and in-line skating are declining in 
popularity, they will always exist as a health care burden 
as long as children and adults use them recreationally.

• Common injuries are ankle fractures and medial malleo-
lus stress fractures.

• Personal protective equipment is essential in decreasing 
the frequency and severity of injuries.

• We recommend roller skates and in-line skates with good 
and rigid ankle support to help reduce the amount and 
severity of foot and ankle injuries.

References

 1. Calle SC, Eaton RG. Wheels-in-line roller skating injuries. 
J Trauma. 1993;35:946–51.

 2. Ferkel RD, Mai LL, Ullis KC, Finerman GA. An analysis of roller 
skating injuries. Am J Sports Med. 1982;10:24–30.

 3. Schieber RA, Branche-Dorsey CM, Ryan GW, Rutherford Jr GW, 
Stevens JA, O’Neil J. Risk factors for injuries from in-line skating 
and the effectiveness of safety gear. N Engl J Med. 
1996;335:1630–5.

 4. Vioreanu M, Sheehan E, Glynn A, Casidy N, Stephens M, 
McCormack D. Heelys and street gliders injuries: a new type of 
pediatric injury. Pediatrics. 2007;119:e1294–8.

 5. Association SGM. 2012 sports, fitness and leisure activities topline 
participation report; 2012.

 6. Osberg JS FS, Poole J, McHenry J. Skating: an emerging mode of 
transportation. transportation research board. 79th annual meeting; 
2000.

 7. Commission USCPS. NEISS data highlights 2012. Washington, 
DC; 2012.

 8. Kvidera DJ, Frankel VH. Trauma on eight wheels. A study of roller 
skating injuries in Seattle. Am J Sports Med. 1983;11:38–41.

 9. Nayeem N, Shires SE, Porter JE. Cost of a roller skating rink to the 
local accident and emergency department. Br J Sports Med. 
1990;24:240–2.

 10. Hitchen PR, Lyons WJ. Fatigue fracture of the medial malleolus in 
a junior roller skater. Aust N Z J Surg. 1996;66:265–6.

 11. Tan V, Seldes RM, Daluiski A. In-line skating injuries. Sports Med. 
2001;31:691–9.

 12. Seldes RM, Grisso JA, Pavell JR, et al. Predictors of injury among 
adult recreational in-line skaters: a multicity study. Am J Public 
Health. 1999;89:238–41.

 13. Commission USCPS. NEISS data highlights – 1997. Washington, 
DC; 1998.

 14. Goh SH, Tan HK, Yong WS, Low BY. Spectrum of roller-blading 
injuries. Ann Acad Med Singapore. 1996;25:547–9.

 15. Nguyen D, Letts M. In-line skating injuries in children: a 10-year 
review. J Pediatr Orthop. 2001;21:613–8.

 16. Houshian S, Adersen HM. Comparison between in-line and roller-
skating injury. Scand J Med Sci Sports. 1999;10:47–50.

 17. S P. HIlly town decides Heels just too dangerous. Daily Mail; 2007.
 18. Adams SL, Wyte CD, Paradise MS, del Castillo J. A prospective 

study of in-line skating: observational series and survey of active 
in-line skaters – injuries, protective equipment, and training. Acad 
Emerg Med : Off J Soc Acad Emerg Med. 1996;3:304–11.

59 In-Line and Roller Skating



501© Springer International Publishing Switzerland 2016
V. Valderrabano, M. Easley (eds.), Foot and Ankle Sports Orthopaedics, DOI 10.1007/978-3-319-15735-1_60

Martial Arts

Sebastian Mueller, Matthijs Jacxsens, and Claudio Rosso

Abstract

Foot and ankle injuries are among the most common injuries in Martial Arts and account 
for a major part of loss of sports. Two factors are of utmost importance in dealing with foot 
and ankle injuries in contact combat sports. Firstly, injury prevention should already inhibit 
such injuries. Here, proprioceptive training is essential. Secondly, referees need to strictly 
adhere to the rules in order to prevent those injuries.

After such an injury, full muscle force and especially above-mentioned proprioceptive 
balance should be restored after multi-disciplinary discussion with the sports physician, the 
training staff and physiotherapists before returning to play.
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 Introduction

The term “Martial Arts” summarizes traditional combat 
sports like Judo, Taekwondo, Jiu-Jiutsu and Karate as well as 
more recent types such as Kick- or Thai-Boxing.

Since all of them are practiced barefoot, typical injury 
patterns, demanding specific therapies, occur.

Besides the “free-fight” (Kumite), the traditional Asian 
combat sports additionally includes shadow-fighting (Kata) 
and the so-called basic education (Kihon).

Kumite mostly is practiced according to semi-contact 
rules, where hits must be controlled and contacts to face and 
neck are penalized. This again, results in variable injury 
 patterns. While athletes performing Kata and Kihon mostly 
experience injuries from overexertion, external influence 

plays a more important role in Kumite. In this chapter, par-
ticular focus is set on the injury patterns sustained in the 
free-fight.

 Injury Patterns, Etiology 
and Pathomechanism

Due to the intensive training in Kata, overexertion symp-
toms, as sprains, similar to the ones seen in (ballet) dancers, 
occur. Small muscles in particular are affected, since they are 
exposed to very high proprioceptive stresses [1, 2]. In 
Kumite, the direct impact of the opponents’ foot in kicks or 
foot sweeps/lateral kicks (see Figs. 60.1 and 60.2) are 
responsible for the resulting contusions, lacerations and 
fractures.

In Martial arts the most common injuries are Achilles ten-
don ruptures, ankle sprains, fractures (ankle, metatarsal), 
Linsfranc injuries, turf toe, bruises, bone contusions.
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 Epidemiology

The incidence of injuries due to chronic overexertion in the 
basic contact-free training techniques (Kata) should not be 
underestimated in daily exercise routine, although there are 
hardly any reports in current literature.

In the free-fight (Kumite), for example in the semi- contact 
Karate, injuries to face and neck are predominant with up to 
91 %, whereas in Taekwondo 65 % of the injuries are sus-
tained to the lower extremities [3]. According to literature, 
injuries to the lower extremity in total account for 10–65 % 
[4]. An example can be seen in Fig. 60.3.

Injuries in competing professional athletes are far more 
common than during exercise in amateur athletes. This is due 
to the increased exercise intensity as well as exercise dura-
tion [4, 5]. In Karate, for instance, injuries are frequent but of 
smaller extent (contusions, abrasions) [4, 6].

Injuries around the foot and ankle are shown in Table 60.1. 
They account for a major part of injuries since martial arts 
are performed without footwear [7] [Figures: Swiss Accident 
Insurance Company, 2008–2012].

 Prevention

To avoid injuries resulting from overexertion, proprioceptive 
training on unstable surfaces as well as shorter exercise units 
are recommended [1].

Injury prevention with protective pads is discussed con-
troversially: on the one hand these pads cushion the unwanted 
impact in semi-contact sports, on the other hand hits and 
kicks are performed with less control [8].

However, all authors agree that the consequent interpreta-
tion of the rules by the referee minimizes best the risk of 
injury [6, 9]. A solid and sound education and guidance of 
the athlete by the coach is fundamental. Additionally, sur-
veillance and medical care by an experienced tournament 
doctor is essential.

Fig. 60.1 Pathomechanism of lateral foot kick when encountering 
defense. The kicking foot is in plantar flexion and hereby exposes the 
complete mid-foot and the toes. The main pillar is exposed to strong 
rotational forces. Additionally, high kicks often result in sprains 
because of the strong forces interacting on the main pillar

Fig. 60.2 Pathomechanism of foot sweeps. As a consequence a trauma 
of the lateral malleolus on one hand, and a sudden loss of stability and 
consecutive ankle sprain on the other hand may occur. Furthermore, 
contusions and fractures of the attacking fore- and midfoot are 
possible

Fig. 60.3 Turf toe of the left great toe. In modern sports Karate (Shobu- 
System), the great toe frequently suffers from hyper-plantar flexion
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 Therapy

Therapy of sprains comprise a rather unpopular training 
interruption or modifications in the intensity and type of 
exercise (proprioception), since the use of insoles have to be 
completely avoided.

The therapeutical options in an acute Trauma are usually 
conservative, following PRICE (pause, rest, ice cooling, 
compression and elevation of the affected limb), since these 
are mostly minor injuries.

Fractures and dislocation should be treated according to 
medical standards (see Sect. 2.1. Fractures).

Achilles tendon ruptures shall be treated typically surgi-
cally: see Sect. 2.6 Achilles tendon ruptures.

 Rehabilitation and Back-to-Sports

In consequence of the high, explosive exertions in  martial 
arts, a return to training and competition is only recom-
mended after complete consolidation and good sensomotoric 
rehabilitation. Here is the role of a team-decision: team physi-
cian, surgeon, physiotherapist, trainer, and athlete. The aver-
age time of out-of-compentition can be from 1 to 2 weeks to 
half a year, depending on the injury.

 Evidence

All the literature in the area are Level V evidence.
See evidence in the other chapters.

 Summary

• The most common injuries in martial arts are sprains, 
contusions, toe fractures.

• Prevention is done by proprioceptive training on unstable 
surfaces as well as shorter exercise units.

• Return-to-sports is a team-decision, this by: team physi-
cian, surgeon, physiotherapist, trainer, and athlete
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Table 60.1 Overview of Foot and Ankle Injuries in Martial Arts

Foot and ankle joint injuries- all combative sports 17 %

Foot and ankle sprains 7.9 %

Contusions (upper ankle joint and foot) 3.9 %

Toe fractures 2.1 %

Tarsal- and midfoot-fractures 0.8 %

Dislocations (ankle, Chopard, Lisfranc, toes) 0.15 %
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Motorsports
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Abstract

Motorsport is a high-risk sport with the permanently increasing number of participants and 
therefore increasing number of foot and ankle injuries. The most common mechanism for 
loss of control of a motorcycle is a collision with an immovable object (e.g., trees or rocks). 
According to the trauma different types of injuries (fractures, ligamentous injuries and mus-
cle strains) can appear. Severe and complex injuries like multiple fractures or combined 
lesions can be caused by high speed and high-energy impact forces. Intraarticular fractures 
as well as complex fractures require anatomic reduction and osteosynthetic fixation, while 
ligamentous injuries and non-dislocated fractures often can be treated conservatively. A 
functional rehabilitation program is recommended to return to sport as fast as possible.
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 Injuries in Motorsports

Motorsport is a high-risk sport with the permanently increas-
ing number of participating persons. Therefore the number 
of injuries may also increase. Different types of injuries can 
be related to motorsport including foot and ankle fractures, 
ligamentous injuries and muscular strains [1, 2].

 Etiology and Pathomechanism

Motorsport is a popular sport which is practiced by millions 
of people worldwide. However, literature addressing foot and 
ankle injuries related to motorsport accidents is limited. 
While neck injuries including neck sprain are frequent in car 

racing (45 % of all injuries), there is a lower risk for injuries 
of the lower limb (20 %) [3]. Nevertheless, high speed and the 
high-energy impact of force in combination with the lack of 
leg room especially in single seat cars can substantially con-
tribute to ankle sprains and fractures of the lower limb [3].

The most common mechanism reported for loss of control 
of the motorcycle in a crash situation was collision with an 
immovable object (70 %), such as a tree or a rock [4]. This 
was followed by loss of traction (15 %), and collision with a 
movable object (6 %), such as a boundary marker or another 
motorcyclist. Loss of control while jumping and striking 
immovable objects, a condition where the motorcycle starts 
to oscillate and becomes difficult to steer, accounted for 
approximately 2 % of the total injuries. Thus, different terrain 
and riding conditions cause different types of injuries [4].

The main cause of injuries of the ankle in motocross acci-
dents is the forced pronation and external rotation of 
grounded foot when taking a curve or direct impact by the 
bike on the leg. Even a direct trauma with weight of the 
motorcycle can cause injuries like fractures of the foot and/
or ankle. Complex injuries with multiple fractures and 
 ligamentous lesions may result from failed jumps. In such 
cases, bilateral injuries are not rare. Uncontrolled landing 
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may cause lesions of the ligaments in foot and ankle after 
jumps, when the foot hits the ground or the footpeg. A forced 
dorsiflexion and eversion or (less commonly) inversion are 
the consequences. Interestingly, injuries on the left side are 
more common (65 %) than on the right side. This can be par-
tially explained by changing the gear during a jump with the 
left foot being in plantar flexion and the toes are pointed 
toward the ground [1]. In this context, a fracture of the pro-
cessus lateralis tali should be excluded, as this injury may be 
often misdiagnosed [3]. The incidence of that type of injury 
has increased in the past years because of the popularity of 
snowboard riding. It is not easy to identify that lesion because 
of the unspecific clinical symptoms and inconspicuous con-
ventional radiographs. When such a fracture is suspected a 
computed tomography should be considered [2, 5].

 Epidemiology

Injuries in motorsports are not rare. On the one hand, because 
of higher safety standards in motorsport competitions, sub-
stantially improved equipment, and safety measures around 
the route injuries can be reduced, on the other hand, drivers 
are willed to take more risks [4].

Colburn and Meyer showed an incidence of injury for 
motorcyclists in a professional competition of 2.7/1000 
exposure hours [4]. Other sports like rugby have 18.3/1000 
exposure hours, soccer 32/1000 exposure hours, football 
59/1000 exposure hours and hockey 66/1000 exposure hours, 
respectively [4]. Other studies showed an injury rate/1000 
exposure hours between 22.7 and 49.2 for motorsports [1, 6].

Tomida described injuries in elite motorcycle racing of 
ankle with 16.7 % and foot with 1.7 % [6].

A retrospective study including 1500 accidents in a period of 
12 years revealed the overall incidence of accidents was 94.5 ‰ 
per year for motocross races, which was significantly lower than 
the 115 ‰ for road races [1]. Furthermore, the incidence of acci-
dents in the outdoor competitions was significantly lower with 
76 ‰ compared to the stadium cross competitions with 150 ‰ 
per year. From all injuries, 14.5 % of ligamentous lesions con-
cerned the ankle and 15 % of them were treated surgically with 
open ligament repair. They also noted that fractures are signifi-
cantly lower in road races than in motocross [1].

Minoyama and Tsuchida investigated injuries in a profes-
sional motor car racing [3]. They found out that forces that 
cause severe injuries, such as fractures and concussions, are 
around 5–10 G, which are produced by acute deceleration of 
about 150–200 km/h. The second most injury body site were 
the lower limbs (24 % of all injuries) with 11 bruises and one 
ankle sprain, the most were injuries to the neck (34 %). 
Overall injuries of the lower extremity appeared more often 
in single cars than in saloon cars, which can be explained by 
the lack of legroom in single cars.

 Therapy

First of all, on the field the injured lower extremity should be 
immobilized, elevated, and cooled. An early compression 
may prevent a posttraumatic swelling. If there is a luxation, 
the reposition of the ankle should be performed immediately 
to avoid or to minimize the soft tissue damage. Ligamentous 
injuries around the ankle often can be treated conservatively. 
For ankle stabilization we prefer a brace for 6 weeks, 24 h/
day. Sports with high impact forces should be avoided during 
this time. Accompanying physiotherapy with lymphatic 
drainage can be performed. In patients with severe injuries, a 
partial weight bearing should be kept for 4–6 weeks. Non- 
dislocated fractures also can be treated conservatively in a 
brace or in a walker. Dislocated, intraarticular, and/or com-
plex fractures require anatomic reduction and sufficient 
osteosynthetic fixation.

 Rehabilitation and Back-to-Sports

Various foot and ankle scoring systems exist (e.g., Star- 
Excursion Balance Test, The Dorsiflexion Lunge Test, Agility 
T-Test, Sargent/Vertical Jump Test) measuring range of 
motion, muscle power, static and dynamic balance, but none 
of them can determine the appropriate time point at which 
sports can be regained, because it depends on many different 
factors [7–10]. Clinical tests of proprioception, balancing, 
range of motion, agility and strength also can be measured 
during the rehabilitation and can show the progress of heal-
ing. Coupled with psychological assessment back to sports 
can be easier to decide [11]. Stress increases the risk of an 
athletic injury and athletes who demonstrate fear or anxiety 
are at a much greater risk of re-injury, and there is often a 
deleterious effect on athletic performance [12, 13]. Patients 
lacking adequate dorsiflexion are at increased risk for re-
injury and have limitations in normal functional activities [8].

Especially for motorsports it is difficult to decide, when 
there is the appropriate time for the patients to go back to 
sports. Often there are unexpected impacts on foot and ankle 
while driving. Therefore we recommend not driving for at 
least 6 weeks. Depending on the severity of a ligamentous 
injury the patient can start early with functional training. A 
brace respectively a cast is obligatory for a minimum of 6 
weeks. If surgery was necessary an individual rehabilitation 
program is required.

 Prevention

The most common foot and ankle injuries usually occur 
when riders are thrown from the motorcycle. So special 
attention should be paid to the manner of dropping. 
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Instruction on rolling techniques and proper falling may help 
to reduce injuries. Protective equipment (chest guard, kidney 
belt, trousers, boots, knee pads, knee brace, gauntlets), 
motorcycle design and helmet are important advancements 
[1, 4, 14]. In particular, the riders protect their foot and ankle 
with ankle across shoes. Subsequently, injuries of the knee 

may increase. Training experience, conditioning and skills of 
the riders seem to be effective strategies to avoid injuries in 
motorsports. In a study of Tomida it appeared that safety 
regulations and a better field did lower the incidence of 
 serious injuries but did not reduce the injury rate [6]. Though 
complete prevention of injury cannot be expected.

a1

b1 b2

a2 a3

Fig. 61.1 Clinical case – professional car racer. Fractures of the tibia 
shaft, the medial malleolus, multilevel fractures of the fibula shaft, a 
non-displaced cuboid fracture, and an isolated first tarsometatarsal joint 
lesion with a fracture of basis of first metatarsal were diagnosed. (a) 
Open reduction and internal fixation (ORIF) was performed. 

Radiographs at 3-month follow-up showed the consolidation process of 
the fractured bones and full-weight bearing could be started. (b) Two 
years after surgery a well alignment ankle and a painfree patient were 
documented
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 Clinical Case

A 28-year old male professional car racer had an accident 
with 220 km/h and suffered a multiple trauma (Fig. 61.1). 
Beside other injuries, the CT-scan of the right lower leg and 
foot and ankle confirmed a fracture of the tibia shaft, multi-
level fractures of the fibula shaft, a medial malleolar fracture, 
a non-displaced cuboid fracture, and an isolated first tarso-
metatarsal joint lesion with a fracture of basis of first meta-
tarsal. Operative fixation and early mobilization was 
considered to be the best option to restore the patient con-
cerning to the right foot and ankle. Therefore, after a tempo-
ray ExFix softtissue-stabilisation, an open reduction and 
internal fixation (ORIF) of the tibia with an intramedullary 
nail and of the medial malleolus with two screws (AO size 
3.5) was performed. The syndesmosis was repaired and sta-
bilized using a screw. Also, the Lisfranc joint was transfixed 
using screws (TMT 1–3) and K-wires (TMT 4–5). The frac-
ture of the fibula was treated conservatively due to the soft- 
tissue situation. Due to other injuries, the mobilization was a 
bit complicated. Early functional physiotherapy begun with 
passive foot/ankle motion and a lymphatic drainage. 
Postoperative clinical and radiographic follow-ups showed 
appropriate clinical and osseous healing. One year postop-
eratively, partial hardware removal (tarsometatarsal) was 
performed. At the final follow-up of about 2 years, the patient 
was painfree with active ankle range of motion of 10/0/40°. 
Clinical evaluation revealed no ligamental instability.

 Evidence

Level of evidence: III, a prospective study [4]. This study 
includes 1787 participants. Approximateley 10 % had inju-
ries that required attention from a mediacal response unit. 
The injuries were graduated by the injury severity score 
(ISS) and the abbreviated injury scale (AIS). Most of them 
(85 %) sustained mild injury and the most common types of 
injury were ligamentous (50 %). The most common fractures 
were those of foot and ankle (36 %). Loss of control while 
jumping and striking immovable objects were important risk 
determinants for serious injury. Speeds were below 50 km/h 
in the majority of accidents (80 %), and were not statistically 
correlated with severity.

 Summary

• Motorsport is a high-risk sport with the permanently 
increasing number of participants and therefore increas-
ing number of foot and ankle injuries.

• Due to the mechanism of the trauma different types of 
injuries (fractures, ligamentous injuries and muscle 
strains) can appear.

• Caused by high speed and high-energy impact severe and 
complex injuries like multiple fractures or combined 
lesions can occur.

• While ligamentous injuries and non-dislocated fractures 
often can be treated conservatively, dislocated and intraar-
ticular ones as well as complex fractures require anatomic 
reduction and osteosynthetic fixation (ORIF).

• A functional rehabilitation program is recommended to 
return to sport. Fear and anxiety cause increased risk for 
reinjury, so the psychological aspect should be also 
respected.
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Orienteering

Daniel Bianco

Abstract

Orienteering is a sport that combines physical endurance and complex cognitive processes. 
It involves foot racing through unfamiliar wild terrain while reading a special map and a 
compass. Injuries caused by trips and collisions are very common, they affect the lower 
limb and the most frequent ones are ankle sprains of the lateral ligaments. Overuse injuries 
have been described related to changes in training routines. Proper gear helps prevents cuts 
and wounds. In case of acute ankle sprains functional management is the mainstay of treat-
ment. After a period of rest, early mobilization and protective bracing during functional 
activities, facilities recovery. Proprioceptive training enhances dynamic and functional joint 
stability and is effective as primary or secondary injury prevention.

Keywords

Orienteering • Sports • Ankle sprains • Injuries • Protective bracing • Treatment

 Introduction

Orienteering is a sport that combines physical endurance and 
complex cognitive processes. It involves foot racing through 
unfamiliar wild terrain while reading a special map and a 
compass. The orienteer must find control locations in a deter-
mined sequence in order to complete the race. These loca-
tions are denoted by circles printed on the map, which is 
provided seconds before the race starts. The distance between 
control locations is termed a leg [1].

The first steps of this sport were in the nineteenth cen-
tury under the supervision of the Swedish captain Enest 
Killander, who realized that using maps and compasses as 
a military training was an exceptional method to build up 
self- confidence, control and improve the ability to make 
decisions in difficult situations. Since 1942 orienteering 
was included in the Swedish national education program 

and it had spread worldwide by the 1960s. Official world 
championships have been held biannually since 1966 and 
they can include different modalities besides foot- 
orienteering like orienteering by bike and cross-country 
skiing [2].

 Injuries: Etiology and Pathomechanism

In order to win the races orienteers need to complete all the 
legs in the shortest time possible. * Therefore, they have to 
attend the map, ground underfoot and environment while 
running. Altogether this represents a true challenge and a 
short lack of attention can not only affect the running speed 
but also increase the risk of injuries caused by trips and col-
lisions. Cuts and wounds can be found in any part of the 
body and blisters from footwear are not uncommon [3]. The 
most affected region of the body is the lower limb; acute 
injuries of the lateral ankle ligaments are most common, 
accounting up to 24 % of all cases [4–10]. Since running is 
the main training activity in orienteering injuries associated 
with overuse are also common [11].
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 Acute and Chronic Ankle Instability

The anterior talofibular ligament is affected in most of the 
cases of ankle supination trauma, which can lead to anterior 
instability of the talus. This instability is increased in plantar 
flexion and if not treated properly it can overstress the calca-
neofibular ligament and make it insufficient, generating a 
chronic ankle rotational instability over time. In some ath-
letes, this instability leads to excessive internal rotation of 
the leg while running and also overloading of the medial side 
of the ankle [7]. This can often explain other pathologies 
besides ankle discomfort, like Achilles peritendinitis, teno-
synovitis or ruptures of peroneal tendons [8].

Overuse injury of the shin area has been reported among 
orienteers [4, 12]. It often appears with a sudden increase in 
training intensity and duration affecting most commonly the 
posteromedial tibia. The symptoms are vague in early stages 
with diffuse pain along the middle-distal tibia at the begin-
ning of their training that decreases while running. At later 
stages pain can persist during all training and even appear 
during daily activities. Repetitive stress over the bone sur-
face can result in microfractures especially in the tibia [12]. 
Differential diagnosis sometimes is difficult and further tests 
like X-rays or triple phase bone scans may be needed to dif-
ferentiate between overuse injuries like shin splint syndrome 
and stress fractures.

 Epidemiology

A prospective 1-year study from Denmark of 42 elite orien-
teers studied the types of injuries and their frequency [13]. 
They found 52 % acute and 48 % overuse injuries. Eighty two 
percent of the acute injuries were located in the lower extrem-
ity and acute ankle sprains were the most frequent type (37 %). 
Overuse injuries were also observed in the ankle and knee, 
however they were more related to training season than com-
petition period. Another prospective study in Sweden about 
injuries in elite orienteers over a year follow- up got similar 
results in 89 elite athletes [4]. The lower extremity was affected 
in 93.6 % of male injuries and in all of the female injuries. 
Eighty percent of total injuries were minor or moderate. The 
most frequent traumatic injuries were ankle sprains up to 
24 %. Overuse injuries were common in both sexes and repre-
sented 57 % of total injuries, 3 % of stress fractures occurred. 
Recent studies from Finnish Jukola and Venla relay competi-
tions [14] show that injuries occurred most commonly in the 
lower extremities (70 %) and the most frequent were blisters in 
women and small wounds in men, followed by ankle sprains 
that accounted for 25 % of all competition injuries. A Swiss 
study examined the Swiss National Orienteering during their 
annual check-up with a total of 43 athletes and found a preva-
lence of 86 % for acute ankle sprains [8]. They found 57 % of 

the athletes to have chronic ankle instability and separated 
them into three groups of instability, mechanical in 29 %, 
functional in 21 % and combination of both in 7 % of the cases.

 Therapy

Competition injuries are mostly traumatic and the majority 
of them vary from minor to moderate severity, which also 
means that they can be treated on the field and mainly in a 
conservative way. Cleaning and disinfection of all wounds is 
mandatory in order to minimize risk of infection. Stitching 
can be performed in first aid stations and tetanus prophylaxis 
should be available if needed. In case of acute ankle sprains 
functional management is the mainstay of treatment. After a 
period of rest, ice, compression and elevation of the extrem-
ity (RICE), early weight bearing and protective bracing dur-
ing functional activities, facilitates early recovery compared 
to immobilization and non-weight bearing [15]. Once the 
pain and swelling cease and the athlete recuperates full range 
of motion, neuromuscular and proprioceptive training is the 
next step in therapy [16]. The time to return to practice 
depends on the grade of injury taking between 1 and 2 weeks 
for grade I-II sprains. In cases where a chronic instability is 
established and the compensation mechanism is insufficient 
to stabilize the joint from further degeneration, surgical 
repair may be considered [17]. In the case of overuse injuries 
the majority responds successfully to changes in the training 
routine, decreasing running distance, frequency and intensity 
by 50 % are advised. Shoe modifications and the use of 
orthotics in some patients may also be required.

 Prevention

Wounds and contusions can easily be avoided by using ade-
quate gear, e.g., leggings with soft pads over the knees may 
prevent scratches and abrasions from falls. Anti-tetanus 
immunization should be up to date in all the cases. Proper 
footwear is needed to adapt to the special demands of the 
terrain. Usually shoes with a deeper profile and less damping 
capacity facilitate better grip and proprioception. 
Strengthening of ankle evertor muscles, such as the perone-
als, and prophylactic disk training should be advised to 
enhance dynamic and functional joint stability [16]. Taping 
or functional bracing for control of inversion and eversion is 
useful as primary or secondary injury prevention [8, 18, 19].

The intensity of training along the year must be controlled 
in order to prevent overuse injuries. High levels of aerobic 
fitness and strengthening of the legs is necessary to overcome 
the rough terrain. Strenuous training can also be related with 
impaired immune function that is why proper recovery time 
and nutrition is important to maintain high energy levels.
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 Evidence

Author Topic Level of evidence

Folan (1982) [3] Orienteering injuries 4

Linde (1986) [13] Orienteering injuries 4

Johansson (1986) [4] Injuries in elite orienteers 3

Hintermann and Hintermann (1992) [6] Injuries in orienteering. Swiss 6-day orienteering event 4

Kujaka et al. (1995) [5] Acute injuries in orienteeres 3

Linko et al. (1997) [14] Orienteering competition injuries 4

Leumann et al. (2010) [8] Chronic ankle instability in Swiss Orienteering National Team 4

Leumann et al. (2010) [12] Injuries in orienteering: ankle instability and overuse injuries 5

 Summary

 – Orienteering is a safe sport with few severe injuries.
 – Acute ankle sprains are the most frequent injuries.
 – Overuse injuries are common and can be avoid by changes 

in training routine.
 – Proper equipment is necessary to minimize wounds from 

falls.
 – Proprioception training and strengthening of peroneal 

muscles is effective as primary and secondary prophy-
laxis for ankle sprains.
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Rugby

Elango Selvarajah and Timothy Schneider

Abstract

Rugby union is a popular contact team sport. It is played by 6.6 million players in 120 
countries [1]. It can result in various injuries to players with the resultant loss of training 
and playing time. This chapter provides an evidenced based approach to the commonest 
foot and ankle injuries in rugby from the perspective of a sports physician. This chapter 
covers the injury mechanism, on field treatment, detailed assessment and definitive treat-
ment, and evidence for preventive strategies are outlined. Treatment and rehabilitation with 
a view of early return to function are discussed.

Keyword

Rugby foot ankle injury

Rugby, also called Rugby Union is one of the most popular 
team contact sports in the world [1]. It is played by 6.6 mil-
lion players in 120 countries [1]. Rugby is a collision sport 
played by two teams with 15 players each. The players are 
divided into forwards and backs. Forwards win the ball from 
the opposing team and the back use the ball to score points. 
Forward players use a scrum (Fig. 63.1) or ruck and maul 
(Fig. 63.2) or a line out (Fig. 63.3) to win the ball. Five points 
are awarded for grounding the ball (called a try) within the 
opposition defence line (try line) and two points are awarded 
for kicking the ball between the goal posts after a try and 
three points are awarded for a penalty kick between the goal 
posts.

Rugby has one of the highest rates of injury of all sports 
[2]. Players sustain injuries during match play and during 
training.

Most of the injuries occur in or during contact between play-
ers. However, injuries can occur during accelerating,  pivoting, 

jumping/landing or kicking without any contact. Studies report 
around 50 % of match injuries involving the lower limb [3–7]. 
Out of the lower limb injuries 33 % of injuries involve the foot 
and ankle in professional rugby players [3].

This chapter aims to provide an outline of these injuries 
and their management.

 Ankle Injuries

Ankle injuries accounted for 11 % of all match injuries and 
15 % of all training injuries. This resulted in 10 % of loss 
from playing time and 13 % loss of training time [8]. The 
commonest ankle injuries sutained during professional rugby 
are the lateral ligament complex injuries followed by syndes-
motic injuries, Achilles tendon injuries, ankle cartilage inju-
ries, ankle joint capsule sprains and deltoid ligamentous 
injuries [8, 9]. Bony injuries are not common but they are the 
most severe with lateral malleolar fractures being the com-
monest [8, 9]. Overall, ankle lateral ligamentous injuries 
(29 %) and Achilles tendon injuries (27 %) together accounted 
for more than half of the absence from training and match 
play due to ankle injuries [8].
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 Lateral Ligamentous Injuries

Main components of the lateral ligamentous complex involve 
the Anterior Talofibular Ligament (ATFL) and the Calcaneo 
Fibular Ligament (CFL). Lateral ligament complex injuries 
were the most common ankle injuries during training and 
match play among rugby players with an incidence of 2.4–
4.2 injuries/1000 h of match play [8, 9]. The incidence has 
declined over subsequent seasons [9]. Indicating greater 
awareness and preventive strategies.

These injuries are caused by an inversion mechanism with 
an inverted, plantar flexed foot, with an internally rotated 
hind foot on which the leg externally rotates.

Players are likely to report an incident during contact or 
landing from a jump with a twisting and inversion trauma to 
the ankle. They are likely to have associated swelling, ecchy-
moses over the lateral hind foot and difficulty weight bearing.

On field therapy involves, rapid assessment with remov-
ing player from the field with assistance. Rest Ice 
Compression Elevation (RICE) treatment should be begun 

Fig. 63.1 2011 rugby world cup 
champions New Zealand All 
Blacks contesting the ball against 
the Australian Wallabies in a 
rugby scrum (Getty images)

Fig. 63.2 2011 rugby world cup 
champions New Zealand All 
Blacks contesting the ball against 
the Australian Wallabies in a 
rugby maul (Getty images)
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on the side lines of the playing field. Temporary splinting 
would be beneficial to rest and provide support to the ankle. 
A delayed detailed clinical assessment with radiological 
assessment as required should planned.

Confirmed lateral ligamentous injuries should be treated 
with a functional rehabilitation protocol [10, 11]. It is impor-
tant to exclude other lesions such as syndesmosis injury, or 
ankle chondral lesions as they may not respond to a func-
tional treatment protocol, but may require other early inter-
vention. Usually functional bracing is recommended for 3–4 
weeks with progressive weight bearing in the brace as pain 
permits. Early non weight bearing range of motion exercises 
should be started. Once non protected weight bearing is pain 
free begin proprioceptive and strengthening exercises and 
progress onto agility training. Peroneal strengthening is key 
for recovery and prevention of these injuries. Functional 
therapy is recommended for 6 weeks prior to returning to 
sports. Return to sports is recommended when players can 
run and pivot without pain while the ankle is taped in a figure 
eight position [11]. Taping is recommended for up to 6 
months after injury and gradually weaned off [11]. Up to 
34–40 % may have residual or recurrent symptoms [11, 12]. 
For these players a surgical opinion should be sought for a 
lateral ligament reconstruction.

Inappropriate foot wear, cavovarus feet, and poor playing 
technique can be addressed to prevent injuries. But evidence 
for this is limited.

Summary Lateral ligament injuries can be treated with 
functional treatment with equally good results when com-
pared to acute surgical repair.

Evidence: Level 1 Pihlajamaki H, Visuri T etal: Surgical 
Versus Functional Treatment for Acute Ruptures of the 
Lateral Ligament Complex of the Ankle in Young Men: a 
randomized controlled trial. Journal of Bone and Joint 
Surgery Am. 2010;92(14):2367-2374.

 Ankle Syndesmotic Injuries

The incidence of syndesmotic injuries is 11 % of all ankle 
injuries in professional rugby players [8]. The ankle syndes-
mosis consists of anterior inferior tibiofibular ligament 
(AITFL), the posterior inferior tibiofibular ligament (PITFL), 
the interosseous ligament (IOL) and the inferior transverse 
ligament (Fig. 63.4) [13]. The interosseous ligament is in 
continuity with the interosseous membrane proximally. The 
fibrocartilaginous inferior transverse ligament forms the dis-
tal portion of the posterior inferior tibiofibular ligament and 
can be considered as the same structure [13]. The AITFL 
(35 %) PITFL (33 %) contribute the most to ankle syndes-
motic stability with the IOL (22 %) contributing the rest [13, 
14].

The syndesmotic ligaments are injured usually with an 
externally rotated and dorsiflexed foot and axial loading, but 
other mechanisms are possible [13]. With this mechanism 
AITFL is the first and commonest to be injured. PITFL is the 
last to be injured. If the entire syndesmotic ligamentous 
complex is injured then ankle diastasis will result. In the 
presence of ankle diastasis there is likely to be a high rate of 
associated injuries including fibular fractures, medial liga-
mentous injuries and medial malleolar fractures.

Fig. 63.3 2011 rugby world cup 
champions New Zealand All 
Blacks contesting the ball against 
the Australian Wallabies in a 
rugby lineout (Getty images)
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Players will have pain and swelling over the syndesmosis 
region and are unable to fully weight bear on the injured 
side. With rapid assessment players will need to be removed 
from the field and the RICE treatment should be begun with 
splinting until detailed clinical and radiological assessment 
can be completed [13].

Syndesmotic injuries without a fracture or ankle diastasis 
can be treated with non weight bearing and a moon boot until 
pain resolves. Early mobilisation and weight bearing as toler-
ated is recommended [15]. This usually takes 6–12 weeks to 
resolve. Impact sports should be avoided for at least 6 weeks.

Players with persistent symptoms, with ankle diastasis or 
a fracture are likely to require surgical intervention [13].

Summary Ankle syndesmotic injuries without Tibiofibular 
diastasis can be treated non surgically. Injuries with 
Tibiofibular diastasis will require surgical fixation.

Evidence: Level 4 Heest TJ, Lafferty PM. Current Concept 
review: Injuries to the Ankle Syndesmosis. The Journal of 
Bone and Joint Surgery (Am). 2014;96:603-613.

 Achilles Tendon Injuries

Achilles tendon injuries are the 16th commonest reason for 
loss of playing time overall in the 2011–12 season among 
English professional rugby players [9]. Achilles tendon inju-
ries result in a significant amount of time lost to playing and 
training among rugby players [9].

Acute Achilles tendon ruptures result from an acute trau-
matic event where the patient feels as if there has been a kick 
in the back of the calf and unable to walk afterwards with 

associated pain and swelling. In rugby this is usually the 
result of explosive play such as acceleration, running pivot-
ing or tackling.

Examination will likely show ecchymosis with decreased 
resting tension in the foot. There will be a palpable gap in the 
tendon and calf squeeze will not elicit a response in the foot. 
Players will need rapid assessment on the field followed by 
assisted removal from the field. Icing on the field with applica-
tion of a splint with the foot in equinus will be beneficial. Delayed 
complete clinical assessment should include the history and any 
choric issues with the tendon as well as treatment to date.

Functional treatment of acute Achilles tendon ruptures 
have been shown to result in equally good out comes when 
compared to surgical treatment [16, 17]. Non surgical treat-
ment will negate any risks from surgery but studies show a 
higher rate of rerupture with non surgical treatment (8 vs 4 % 
for surgical group) [17, 18]. However, this has been chal-
lenged by other studies (Glazebrook et al.) [19].

Non surgical treatment will involve casting the injured limb 
in equinus for 2 week with non weight bearing mobilisation. 
At 2 weeks if clinical assessment confirms continuity of ten-
don then patient can be placed in to a moon boot locked in 20° 
of plantar flexion to unlimited plantar flexion [16, 17]. Patients 
are allowed to move the foot with in this range. At 4 weeks 
from injury the brace should be set in neutral plantar flexed 
position permitting gentle motion from neutral to full plantar 
flexion. At 6 weeks if tendon is in continuity then patient can 
begin weight bearing in the brace in addition to gentle dorsi-
flexion out of brace. May begin supervised physio therapy [16, 
17]. Patients can wean off brace at 8 weeks from injury.

If at any time the tendon is felt to be not in continuity then 
surgical repair should be considered. Surgery can also be 
considered as the primary treatment method, with the reha-
bilitation similar to nonsurgical treatment protocol.

AITFL
AITFL

AITFL

Anterior

IOL

PITFL

PITFL

Posterior Lateral

ITL

Fig. 63.4 Ankle syndesmotic anatomy (Reproduced with permission from Davidovitch and Egol [38]. Figure 57–12)
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Summary Acute Achilles tendon ruptures can be treated 
surgically or with functional treatment, producing equally 
good outcomes. Functional treatment may have higher rates 
of rerupture but avoids all the risks associated with surgery.

Evidence: Level 1 1. Twaddle BC, Poon P: Early motion 
for Achilles tendon ruptures: Is surgery important? A ran-
domized, prospective study. Am J Sports Med 2007; 35: 
2033-2038.
 2. Nilsson-Helander K, Silbernagel KG, Thomee R, et al: 

Acute Achilles tendon rupture: a randomized, controlled 
study comparing surgical and nonsurgical treatments 
using validated outcome measures. Am J Sports Med 
2010; 38: 2186-2193.

 3. Soroceanu A, Sidhwa F, Aarabi S, Kaufman A, Glazebrook 
M. Surgical versus nonsurgical treatment of acute Achilles 
tendon rupture: a meta-analysis of randomized trials. J 
Bone Joint Surg Am 2012;94:2136-2143.

 Chronic Achilles Tendinopathy

Chronic Achilles tendon dysfunction, which is another com-
mon complaint among rugby players has been divided into 
insertional and non insertional tendinopathies. Non inser-
tional Achilles tendinopathy is often managed with nonsur-
gical treatment while insertional disease is managed by 
identifying coexisting pathology around the site of insertion 
and addressing those issues [20].

Non insertional Achilles tendinopathy can be treated ini-
tially with non surgical modalities. Rest, activity modification, 
eccentric stretching, shoe modifications and orthotics can be 
trialled initially [20]. Extra corporeal shock wave therapy can 
be trialled in conjunction with eccentric stretching if the initial 
treatment fails [21]. Evidence of benefit from other modalities 
such as non steroidal anti inflammatories, glyceryl trinitrate 
patches and Platelet rich plasma injections are limited and 
infact there is evidence these modalities can be detrimental to 
the healing and overall quality of the tendon [20].

Surgery is likely to involve debridement of tendon as nec-
essary, with repair if enough tendon is available, or if tendon 
quality is poor then reconstruction with FHL tendon [22, 23]. 
Post operative rehabilitation will be similar to the above out-
line with acute ruptures.

Treatment of insertional tendinopathy depends on surround-
ing pathology as well as treating the tendon itself. Nonsurgical 
therapy involves heel wedges, regular stretching exercises and 
extracorporeal shockwave therapy [23–25]. Again, similar to 
non insertional Achilles tendinopathy, no conclusive evidence 
is available in the literature for other modalities in the treatment 
of insertional Achilles tendinopathy.

Surgical treatment of insertional disease involves calca-
neoplasty, debridement of retrocalcaneal bursa with or with-

out tendon repair or reconstruction with flexor hallucis 
longus tendon (FHL) [23, 26].

Summary 1. Insertional Achilles tendinopathy: Rest, 
activity modification and eccentric stretching with ECSW 
therapy is first line of treatment. Surgical debridement with 
repair or reconstruction can be considered for failure of non 
surgical treatment.

Evidence: Level 1 Rompe JD, Furia J, Maffulli N. Eccentric 
loading versus eccentric loading plus shock-wave treatment 
for midportion achilles tendinopathy: a randomized con-
trolled trial. Am J Sports Med 2009;37:463–470.

 2. Non insertional Achilles tendinopathy: Rest, activity 
modification, regular stretching exercises, heel wedges 
and ECSW are initial non surgical modalities. Surgical 
debridement of retrocalcaneal bursa and calcaneal promi-
nences with repair of reconstruction using FHL should be 
considered for cases of failed insertional disease.

Evidence: Level 3 1. Kearney R, Costa ML. Insertional 
achilles tendinopathy management: a systematic review. 
Foot Ankle Int 2010;31:689–694.
 2. Roche AJ, Calder JDF. Achilles tendinopathy. A review 

of the current concepts of treatment. Bone Joint J 
2013;95-B:1299–1307

 Medial Ankle Ligament Injuries

Rugby has one of the highest incidences of Medial ankle 
sprains among all sports [27]. Deltoid ligament has a deep 
and superficial layer and they are injured with an eversion 
type mechanism. These tend to be high energy injuries due to 
the strength and surface area of the ligament in addition to 
the inherent stability of the bony ankle to eversion.

The player is likely to complain of pain and swelling in 
the medial ligament region following a traumatic event, usu-
ally either in a tackle situation, a ruck and maul or scrum 
where there was a significant eversion injury to the ankle.

On field assessment should be followed be RICE treat-
ment initially. A detailed clinical assessment including 
radiological studies should be completed. X-rays should also 
look for proximal fibular fractures to rule out a maisonneuve 
injury and MRI scans to look at the medial ligamentous 
structures and the syndesmosis is recommended.

Isolated medial ligamentous injuries can be treated non 
surgically with outcomes similar to surgical repair [28, 29]. 
Treatment is in a locked moon boot with medial arch support 
to prevent eversion of the foot. Weight bearing as tolerated is 
permitted in the boot. The brace is to be worn for 24 h a day 
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or consider casting. The bracing is recommended for 6 weeks 
at which point physiotherapy can be started. Early immobili-
zation is a high priority as the condition has the potential to 
cause significant long term morbidity.

Players can be weaned off the moon boot starting at 6 
weeks from injury and begin graduated return to rugby spe-
cific exercises with a view of returning to rugby at 12 weeks 
from injury.

If there are ongoing symptoms of pain or instability surgi-
cal intervention including arthrscopic assessment and or 
reconstruction should be considered [28, 30].

Summary Medial ankle ligament injuries can be treated 
non surgically with immobilisation initially, followed by 
physiotherapy.

Evidence: Level 1 Stromsoe K, Hoqevold HE, Skjeldal S, 
Alho A: The repair of a ruptured deltoid ligament is not nec-
essary in ankle fractures. J Bone Joint Surg Br. 77(6): 920–
921, 1995.

 Lisfranc Injuries

These are rare injuries in rugby players with only 1 % of all 
foot injuries in rugby union players make up lisfranc injuries 
[31]. These injuries are caused by the foot in a fixed plantar 
flexed or plantigrade position with a twisting force applied to 
it. These injuries can also occur from direct trauma to the 
dorsal aspect of the mid foot with tension failure over the 
plantar aspect of the foot [32, 33].

Players will commonly report a twisting injury to the foot 
either in a tackle situation or a ruck and maul. Players should 
be initially treated with RICE treatment pending a detailed 
clinical assessment. Clinical examination is likely to show 
ecchymoses on the dorsal and or plantar aspect of the mid 
foot with localised tenderness in the lisfranc region. Inability 
to fully weight bear on the limb is a common finding. X-rays 
and MRIs can be used to confirm and grade the injury. Weight 
bearing x-rays with x-rays of contralateral side weight bear-
ing x-rays can be very useful to make the diagnosis.

Lisfranc injuries or sprains with no displacement on 
weight bearing at the Lisfranc region can be considered for 
non surgical treatment [34]. Initial casting with non weight 
bearing mobilisation is recommended for 6 weeks [34]. Then 
removable orthosis, with a well moulded arch support, and 
gradual weight bearing is permitted depending on pain. 
Repeat weight bearing x-rays to look for displacement is crit-
ical at regular intervals and if there is ongoing pain or dis-
placement at anytime then surgical opinion should be sought.

Lisfranc injuries with confirmed displacement at initial 
assessment will need early surgical intervention with open 

reduction and internal fixation [35, 36]. Players will be kept 
non weight bearing on the limb for 6 weeks followed by 
ankle and hind foot range of motion exercises starting at 6 
weeks. They need to wear a splint for further 6 weeks. Non 
impact aerobic exercises such as cycling or swimming can be 
started at 6 weeks. Metalware removal can be considered 
from 3 months onwards. Graduated return to rugby specific 
injuries can begin after metalware removal.

Lis franc injuries can be severe injuries and players need to 
be counselled with regards to long term complications such as 
stiffness, residual pain, complex regional pain syndrome and 
arthritis [33, 37]. Midfoot arthrodesis can be considered as 
salvage for unresolved or complex lisfranc injuries [35].

Summary Lisfranc injuries without diastatasis can be 
treated non surgically. However, lisfranc injuries with diasta-
sis will require urgent open reduction and internal fixation.

Evidence: Level 3 Rammelt S., Schneiders W., Schikore 
H., et al: Primary open reduction and fixation compared with 
delayed corrective arthrodesis in the treatment of tarsometa-
tarsal (Lisfranc) fracture dislocation. J Bone Joint Surg Br 
2008; 90: pp. 1499-1506.

 Foot and Ankle Fractures

Fractures of the foot and ankle region are uncommon injuries 
in rugby players with only 1.2 % of all ankle injuries in rugby 
players involve lateral malleolar fractures. Of all the foot inju-
ries in rugby players, 10 % involve fractures in the foot [8, 31].

On field treatment includes removal of player with initial 
RICE treatment. If there is a strong suspicion of fracture then 
a temporary splint with radiological assessment is recom-
mended. Fractures, in general need to be assessed with radio-
logical imaging in addition to the associated soft tissue 
injuries. Treatment of acute fractures varies from neighbour 
strapping of toe injuries to surgical fixation as outlined else-
where in this book.
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Running

Dave Santone and Timothy R. Daniels

Abstract

Ankle injuries specific to running or sports involving running are rare, but both soft tissue 
and bony injuries can occur in running athletes. Many running-related injuries are caused 
by repetitive impact stress in individuals who are either unprepared for the physical load, or 
have subtle to significant foot deformities. While the majority of these injuries are minor 
and often resolve with non-operative management, others can result in chronic pain, defor-
mity and eventual loss of function and ability to partake in sport. Early identification and 
management are key. Once a running injury has occurred, cessation of the activity for an 
appropriate period of time is essential for healing and to enable the individual to return to 
running. It is important for the clinician to carefully assess the foot and ankle for deformity 
and/or instability; identifying the etiology is vital for developing an appropriate treatment 
pathway. Subtle foot deformities can often be managed by appropriate orthotic and shoe 
modifications. At times, the only long-term solution for repetitive or persistent running 
injuries is to permanently modify the exercise routine and/or duration of activity.

Keywords

Stress fractures • Sesamoid • Accessory naviculr • Os Trigonum syndrome • Ankle sprains 
• Achilles tendinopathy • Plantar fasciitis

Ankle injuries specific to running or sports involving running 
are rare, but there has been a noted increase in their incidence. 
Both soft tissue and bony injuries can occur in running athletes. 
While the majority of these injuries are minor and often resolve 
with non-operative management, others can result in chronic 
pain, deformity and eventual loss of function with ability to par-
take in sport. Early identification and management are key [1].

 Bony Injuries: Stress Fractures

 Epidemiology

Stress fractures are common in runners. The most commonly 
affected foot bones include the second metatarsal, navicular and 
third and fourth metatarsals. It has been suggested that metatarsal 
stress fractures comprise 10 % of all sports overuse injuries [2].

 Etiology and Pathomechanism

The cumulative effects of repetitive and substantial loads, com-
bined with metabolic, anatomic, and environmental factors, are 
thought to precipitate stress fractures in the foot. The second and 
third metatarsals are the longest, most rigid forefoot bones and 
thus are prone to fracture; however, the fourth and fifth metatar-
sals are also susceptible. Established risk factors for stress frac-
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tures include limb length inequality, cavus foot, excessive 
running, and menstrual irregularities [3]. An increased incidence 
of stress fractures occurs with sudden changes in the frequency, 
duration or intensity of activity (i.e., march fracture) or with spe-
cific anatomic configurations of the foot (i.e., pes cavus) [4].

 Therapy (On the Field, Conservative, Surgical)

Initial management of stress fractures includes rest, ice and 
immobilization. The vast majority of stress fractures can be 
treated non-operatively and typically heal within 6–8 weeks. A 
delay in healing may require additional therapeutic modalities 
such as bone stimulation, non-weight bearing, rigid external 
support, or prolonged immobilization. An aircast, well-
moulded fiberglass cast or postoperative shoe may be consid-
ered. While surgery is rare, it may be required for displaced 
fractures or fracture non unions. In either case, a small longitu-
dinal incision centered over the fracture site can be made, with 
a dorsal plate applied to the metatarsal with or without reduc-
tion. If surgery is indicated and bone grafting is also indicated, 
then a biologic augment may be considered [4]. All available 
evidence for stress fractures is Level III and Level IV.

 Rehabilitation and Back-to-Sports

Return to sport is gradual and is guided by radiographic and 
clinical exam, as well as pain. Running is typically avoided 
for 4–6 weeks, or until the patient is free of pain during daily 
activities for 2 weeks [4]. The patient should be warned that 
a stress fracture of the adjacent metatarsal may occur, espe-
cially if there is any dorsal angulation of the fractured meta-
tarsal, as it will be under increased stress.

 Prevention

Individuals who start an exercise regimen after a period of 
inactivity should be counseled to begin gradually. They 
should be instructed to wear shoes with a supportive shank 
and a slight forefoot rocker. Many jogging runners are 
designed with these modifications. Orthotics with hindfoot 
posting and a metatarsal pad are optional if the patient has 
not had a previous metatarsal stress fracture, but with a his-
tory of stress fracture, they are recommended.

 Bony Injuries: Sesamoid Injury

 Epidemiology

Although small in structure, injury to the hallucal sesamoids 
often result in considerable pain, discomfort and inability to 

partake in sporting activities. Due to its larger size, the tibial 
sesamoid occupies a larger portion of the plantar aspect of the 
distal first metatarsal and thus absorbs more weight- bearing 
forces during activities. This results in more frequent injuries 
to the tibial, relative to the fibular, sesamoid [5]. Most injuries 
to the sesamoids involve overuse injuries such as stress frac-
ture (40 %), sesamoiditis (30 %), acute fracture (10 %), osteo-
chondritis (10 %), osteoarthritis (5 %) and bursitis (5 %) [5].

 Etiology and Pathomechanism

The etiology depends on the type of sesamoid disorder. 
Etiologies include crush injury, hyperextension injury to the 
metatarsophalangeal joint, chondromalacia, impingement or 
repetitive overloading of the medial forefoot [3]. Patients 
with a subtle forefoot driven cavovarus deformity have mild 
forefoot pronation with plantarflexion of the first ray (pero-
neal overdrive). This places increased pressure under the first 
metatarsal head and can result in irritation of the soft tissues 
surrounding the sesamoids. The forefoot pronation deformity 
can be subtle and should be looked for on physical examina-
tion. Subtle contractures of the Achilles tendon should also be 
ruled out, particularly of the gastrocnemius (Silfverskiöld 
test). Assessment for Vitamin D deficiency is essential if clin-
ical suspicion warrants, particularly in the presence of multi-
ple or repetitive stress fractures with no obvious etiology.

 Therapy (On the Field, Conservative, Surgical)

Treatment is dependent on the type of sesamoid pathology. 
Fractures, osteochondrosis and osteonecrosis can initially be 
treated with orthoses, activity modification, footwear modifi-
cation or casting, with the goal to avoid dorsiflexion of the 
toe [6]. Shoe modification may include a removable walking 
boot, or a shoe modified with a full length rigid shank and 
forefoot rocker, and/or an orthotic with lateral hindfoot and 
forefoot posting associated with a recess beneath the first 
metarsophalangeal head (sesamoid region) [6].

Surgical treatment for sesamoid pathology is reserved for 
those who have exhausted conservative management and 
continue to have intractable pain. In the presence of a subtle 
cavovarus deformity and/or Achilles contracture, the focus 
should be on deformity correction and release of soft tissue 
contractures. Resection of the tibial sesamoid is reserved 
for pathologies specific to the sesamoid (fracture, unstable 
bipartite, or osteochondrosis). Resection should be 
approached with caution, as potential complications include 
first toe weakness, residual pain, or neuritic pain (injury to 
the plantar hallucal nerves). Either partial or complete resec-
tion of one or both sesamoids may be considered. However, 
complete resection of both sesamoids is generally avoided, 
as it can result in a rigid cocked-up first toe deformity.
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 Rehabilitation and Back-to-Sports

Careful and gradual return to sport is generally undertaken 
over several weeks for patients treated non-operatively. The 
primary goal is to offload the area; no specific exercises are 
recommended. If there is clear evidence that the Achilles gas-
trocnemius complex is involved, appropriate stretching exer-
cises should be initiated. In operatively treated patients, return 
to sport may not occur until 6 months postoperative [4].

 Prevention

Identification of the etiology will assist the treating physician 
to prevent further or persistent injury to the sesamoid com-
plex. If a subtle foot deformity or soft tissue contractures are 
identified, attention should be paid to both extremities, as the 
deformities are often bilateral. A rehabilitation program 
focusing on soft tissue stretching, strengthening the peroneus 
brevis, and orthotic and shoe management can help prevent 
persistence and recurrence of the injury.

The available evidence for sesamoid injury is Level III 
and Level IV.

 Bony Injuries: Accessory Navicular

 Epidemiology

Accessory ossicles are common in the foot and ankle, with 
the accessory navicular being the most common ossicle (12–
15 % incidence) [7]. While the majority of accessory ossicles 
are asymptomatic and simply a radiographic finding, activi-
ties such as running can cause a small proportion to become 
symptomatic [8].

 Etiology and Pathomechanism

Repetitive trauma, as experienced during running, coupled 
with a pes planus deformity, increases medial pressure on the 
midfoot and causes pain and discomfort. This repetitive over-
use activity results in injury to the synchondrosis [7]. The cli-
nician should carefully assess the patient for a gastrocnemius 
contracture (Silfverskiöld test) and evaluate the flexibility of 
the flat foot deformity (fixed forefoot supination).

 Therapy (On the Field, Conservative, Surgical)

Conservative therapy is aimed at eliminating the strenuous 
insult, relieving pressure on the medial midfoot, and decreasing 
inflammation [7]. Custom orthoses, anti–inflammatory medica-
tions and occasional casting to eliminate the pain resulting from 
the pull of the posterior tibial tendon may be required [7]. 

Corticosteroid injections may be used with caution if other non-
operative methods fail. Surgical intervention is seldom required. 
If surgery is considered, important points to take into account 
include: (1) Removal of the accessory navicular requires detach-
ment of the posterior tibial tendon. Consequently, recovery time 
is substantial, with 4–6 weeks of non-weight bearing and 6 
months until return to sports. (2) Correction of the pes planus 
deformity should be considered if it is associated with a symp-
tomatic accessory navicular. (3) Large fragments can be consid-
ered for fusion to the navicular in younger patients. (4) When 
the posterior tibial tendon is reattached, it should be advanced 
anteriorly to improve its inversion function [7].

 Rehabilitation and Back-to-Sports

Return to sports, when managed conservatively, can be any-
where from 3 to 6 weeks, depending on the amount of time 
required to eliminate the inflammatory condition. 
Physiotherapy should focus on strengthening of the acces-
sory invertors and flexors of the foot, including the intrinsics. 
Stretching of the Achilles gastrocnemius complex is indi-
cated if there is clinical evidence of its contraction. A total 
contact orthosis with medial hindfoot posting, arch support 
and metatarsal pad is recommended [8]. For surgical cases, 
athletics should be avoided for up to 6 months.

 Prevention

Patients with a significant pes planus deformity should be 
consulted on proper shoe wear and orthotic management. A 
physiotherapy program to strengthen the invertors and stretch 
the gastrocnemius may be indicated and attempted before 
surgical intervention.

The available evidence for accessory navicular is Level 
III and Level IV.

 Bony Injuries: Os Trigonum Syndrome

 Epidemiology

The prevalence of os trigonum syndrome is greater in ballet 
dancers, soccer players and runners (both downhill and 
uphill) [9]. Radiographic studies have identified a prevalence 
of 14–25 % in normal feet, whereas in ballet dancers it can be 
as high as 30 % [9].

 Etiology and Pathomechanism

An os trigonum is an accessory bone off the posterolateral 
talus that develops from either a stress fracture of Steida’s pro-
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cess, or failed fusion of a secondary ossification center of the 
lateral tubercle of the talus, creating a synchondrosis [9]. Os 
trigonum syndrome is an overuse injury caused by repetitive 
plantarflexion stress. Symptoms occur as the soft tissues at the 
back of the ankle impinge with the tibia with ankle plantarflex-
ion [8]. Inflammation of the flexor hallucis longus and tendi-
nosis are common and should be assessed with MRI. In cases 
where the os trigonum is large, associated degenerative 
changes of the subtalar joint posterior facet may be observed. 
If this is present, patients undergoing surgical excision of the 
os trigonum should be warned that symptoms may persist.

 Therapy (On the Field, Conservative, Surgical)

Initial non-operative therapy includes rest, ice, non-steroidal 
anti-inflammatory drugs, and avoidance of aggravating 
activities [9]. Ultrasound-guided steroid injections may be 
helpful in recalcitrant cases. Surgical management is reserved 
for cases that have failed non-operative management and 
may include arthroscopic or open excision of the os, debride-
ment and/or decompression of the flexor hallucis longus and 
debridement of the posterior facet of the subtalar joint [9].

 Rehabilitation and Back-to-Sports

For non-operatively treated patients, gradual return to sports 
is attempted over a 1–4 month period, depending on the abil-
ity to reduce the inflammatory response and control pain. If 
there is acute inflammation, physiotherapy modalities to help 
mitigate the inflammation should be implemented. In opera-
tively treated cases, patients will not return to pre-operative 
sporting levels until 2–3 months postoperative.

 Prevention

Patients are counseled to avoid positions that aggravate their 
symptoms. Use of a shoe and/or orthotic with a slight heel 
rise may reduce posterior ankle impingement.

The available evidence for os trigonum syndrome is Level 
III and Level IV.

 Soft Tissue Injury: Ankle Sprains

 Epidemiology

In the United States, over two million acute ankle sprains 
occur annually [10]. Lateral ankle sprains make up 85 % of 
all ankle sprains [11]. The lateral ligaments include the ante-
rior talofibular ligament (ATFL), calcaneofibular ligament 

(CFL) and the posterior talofibular ligament (PTFL). Each 
ligament stabilizes the ankle at various positions.

 Etiology and Pathomechanism

The most common injury pattern is a midsubtance tear of the 
ATFL, followed by a combination ATFL and CFL tear. Rarer 
injuries include combination ATFL, CFL and PTFL tears or 
isolated CFL or PTFL tears. Ligament tears can cause both 
mechanical and functional instability. Functional instability 
includes complaints of ankle instability without any change 
in ankle structure, whereas mechanical instability is noted on 
physical examination with increased ankle range of motion 
beyond physiologic ranges. Ankle sprains are commonly 
classified according to the AMA Standard Nomenclature 
System into three grades, where Grade 1 is a stretched liga-
ment, grade 2 is a partially torn ligament, and grade 3 is a 
completely torn ligament.

 Therapy (On the Field, Conservative, Surgical)

Conservative treatment is the mainstay for ankle sprains. 
Initial treatment includes rest, ice and elevation. Gradual 
weight bearing is commenced after a short period of immo-
bilization in either a below knee cast or an aircast. A recent 
level one study has demonstrated that a short period of 
immobilization in a below-knee cast results in superior clini-
cal benefits when compared to tubular compression bandag-
ing [12]. Once the patient is comfortable and swelling has 
decreased, gentle range of motion exercises are commenced, 
followed by proprioceptive and balance training commenc-
ing 10–14 days after the injury [8]. The time frame for com-
mencing physiotherapy varies, depending on the severity of 
the sprain; it is generally accepted that the clinical criterion 
for initiating physiotherapy is that the patient needs to be 
comfortable and in minimal pain. Conservative treatment is 
successful in up to 90 % of patients; however, if mechanical 
instability persists, surgical intervention for ligament recon-
struction may be considered [8].

 Rehabilitation and Back-to-Sports

There is little evidence to guide return to sport after conser-
vative or operative treatment of ankle sprains. Some authors 
recommend wearing a high-top boot while bracing or taping 
the ankle for 6 months after an ankle sprain, to increase the 
proprioceptive awareness of the ankle and to resist inversion 
forces. Others use more objective measures to determine 
readiness to return to sport, such as ability to do multiple 
single leg calf raises.
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 Prevention

Taping, bracing, muscle strengthening, Achilles stretching 
and proprioceptive training have all been advocated to pre-
vent ankle injuries.

The evidence for ankle sprains ranges from Level I [12] to 
Level IV.

 Soft Tissue Injury: Achilles Tendinopathy

 Epidemiology

Achilles tendinopathy includes insertional and non- 
insertional subtypes. Non-insertional tendinopathy affects 
up to 9 % of recreational runners and causes approximately 
5 % of professional athletes to end their careers [13]. Overall, 
mid-substance or non-insertional Achilles tendinopathy 
accounts for 60–65 % of Achilles disorders, whereas inser-
tional tendinopathy accounts for 20–25 % of cases [14].

 Etiology and Pathomechanism

Non-insertional tendinopathy has been postulated to occur 
secondary to a region of relatively poor blood supply located 
approximately 2–6 cm proximal to the calcaneal insertion 
[15]. This may predispose the tendon to chronic inflamma-
tion and eventual rupture. Insertional tendinopathy has estab-
lished risk factors, including increasing age, inflammatory 
arthropathies, steroid use, diabetes, hypertension, obesity, 
gout, lipidemias and quinolone antibiotics [16].

The exact pathomechanism is not completely understood, 
but mucoid or lipoid degeneration is commonly seen in the 
tendinopathic Achilles [17]. While no true inflammatory 
cells have been identified in the tendinopathic Achilles, it is 
postulated that there may be an inflammatory cellular reac-
tion in the paratenon in the acute phase, likely causing adhe-
sions, crepitus and chronic changes with resultant circulatory 
impairment [16].

 Therapy (On the Field, Conservative, Surgical)

Conservative treatment is the initial management of choice. 
Conservative treatment constitutes rest, ice, activity modifica-
tion, analgesics, shoe modifications, eccentric Achilles phys-
iotherapy, shockwave therapy and possibly corticosteroid 
injections [16]. Surgical intervention includes debridement of 
the diseased portion of tendon and re-approximation of healthy 
tendon, with or without additional tendon transfer, and is 
reserved for patients who have failed a prolonged (i.e., longer 
than 6 month) course of conservative management [18].

 Rehabilitation and Back-to-Sports

Patients with conservatively managed Achilles disorders can 
return to sport on a gradual basis over days to weeks, depen-
dent on the relief of pain and swelling. For operatively man-
aged tendinopathy, patients begin eccentric strengthening by 
4 weeks postoperative, gentle running by 6 weeks postopera-
tive, and hill workouts and/or interval training by 3 months 
postoperative [17].

The available evidence for Achilles tendinopathy is Level 
III and Level IV.

 Soft tissue Injury: Plantar Fasciitis

 Epidemiology

Plantar fasciitis affects roughly two million people annually 
in the United States and is the most common cause of heel 
pain in adults [19]. It affects both athletes and non athletes, 
commonly between the ages of 40 and 60 years [20].

 Etiology and Pathomechanism

The plantar fascia is a multilayered fibrous aponeurosis that 
originates from the medial calcaneal tuberosity and inserts 
distally through several slips into the plantar plates of the 
metatarsophalangeal joints, flexor tendon sheaths, and the 
bases of the proximal phalanges of the toes [21]. While not a 
true inflammatory condition, histologically plantar fasciitis 
has been defined as myxoid degeneration with disorganized 
collagen fibers, angiofibroblastic hyperplasia and calcifica-
tion [20].

Plantar fasciitis results from the degeneration of the plan-
tar fascia on the sole of the foot; however, no clear consensus 
on etiology exists. Reduced ankle dorsiflexion, obesity 
(BMI > 30) and work related weight bearing have been 
shown to be independent risk factors for the development of 
plantar fasciitis [22].

 Therapy (On the Field, Conservative, Surgical)

Initial management is generally non-operative. Rest, ice, 
analgesics, orthoses, shoe modifications and avoidance of 
activities that incite the fasciitis are recommended, in addi-
tion to specific plantar fascia stretching programs [23]. Shoe 
modifications, including rocker soles, have been shown to be 
successful in treating plantar fasciitis [24]. A short period of 
immobilization and corticosteroid injections may be alterna-
tives if the above mentioned modalities fail to relieve pain 
and discomfort.
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Surgical management is reserved for cases that have 
failed non-operative management and includes either endo-
scopic or open partial plantar fascia release, with or without 
Achilles lengthening or gastrocnemius recession.

 Rehabilitation and Back-to-Sports

For conservatively managed patients, return to sport is dic-
tated by pain relief and ability to train without plantar medial 
foot pain. In operatively treated cases, patients gradually per-
form plantar fascial and Achilles stretching exercises starting 
at 4 weeks postoperative. A return to full activities is expected 
by 3 months postoperative.

 Prevention

Proper pre-sport stretching regimens and avoidance of activi-
ties that result in repeated running and jumping are the opti-
mal ways to avoid plantar fasciitis [21].

The evidence for ankle sprains ranges from Level II to 
Level IV.

 Summary

 1. Many running related injuries are caused by repetitive impact 
stress in individuals who are either unprepared for the physi-
cal load or have subtle to significant foot deformities. It is 
important for the clinician to carefully assess the foot and 
ankle for deformity and/or instability; identifying the etiology 
is essential for developing an appropriate treatment pathway.

 2. Once a running injury has occurred, cessation of the 
activity for an appropriate period of time is essential for 
healing and to enable the individual to return to running.

 3. Subtle foot deformities can often be managed by appro-
priate orthotic and shoe modifications.

 4. At times, the only long-term solution for repetitive or per-
sistent running injuries is to permanently modify the 
exercise routine and/or duration of activity.

 5. Although running injuries are common, very few require 
surgical management.
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Alpine Sports

Jannis Sailer, Martin Majewski, Matthias Gilgien, 
and Victor Valderrabano

Abstract

Wintersports are popular activities and became in the past 20 years even more popular. The 
improvement of the equipment makes especially downhill skiing and snowboarding in gen-
eral safer than in the past century. But due to higher speed and a trend to ride off the ski run 
courses, injuries itself get more severe. This can result in complex trauma and requires well 
trained surgeons to plan and perform therapy. The following should give an overview on the 
prevalence of Trauma in alpine sports and focus on basic injuries of the foot and ankle.

Keywords

Skiing • Wintersports • Alpine • Snowboarding • Pilon fracture • Haglund Exostosis • Weber 
Classification • Cross country skiing • Sports trauma

 Alpine Skiing

 Etiology and Pathomechanism

The most frequent injury types in competitive alpine skiing 
are joint and ligament injuries (44.0 %), followed by frac-
tures and bone stress (18.8 %), contusions (12.0 %) and mus-
cle tendon injuries (10.5 %) [1, 2].

 Injuries

 Head and Spine
Incidence of craniocerebral injuries (CCI) is equal in recre-
ational and professional skiing and represents 9 % of all 
injuries [1, 3]. In most cases head traumata are CCI of vari-
able severity, within that severe CCI define the mortality 
rate in skiing accidents. Generally the rate is of CCI declin-
ing over the past years, which is a result of increasing usage 
of helmets [1].

Trauma of the spine is rare and seems to have a correla-
tion towards male gender [1] and high speed. Spine injuries 
combined with neurologic deficit occur each to one third in 
the cervical, thoracic and lumbar spine [4].

 Upper Extremity
In the beginning of the twenty-first century almost 1/3 of all 
injuries were located at the upper extremity [5]. The increase 
is connected to the popularity of carving skis and is associ-
ated with different curve radius, higher risk of falls and espe-
cially more forward and backward falls [3]. Professional 
athletes suffer more often from injuries of the thumb and 
hand. In contrast incidence of shoulder trauma is higher in 
recreational skiers compared to professionals. Reasons are 
higher speed and frequent snow contact [2, 3].
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 Shoulder
Common injuries are lesions of the rotator cuff (24 %), ante-
rior glenohumoral instability (22 %), acromioclavicular 
instability (20 %), fractures of clavicula (11 %), proximal 
humerus and tuberculum majus (10 %) [6]. 1/3 of all shoul-
der dislocations showed also intraarticular fractures [7].

 Elbow, Wrist and Hand
More distal, fractures of distal radius, shaft and metacarpalia 
are common. Typical injury is the skier’s thumb, which is a 
rupture of the ulnar collateral ligament or osseous rupture of 
the metacarpophalangeal (MCP) joint of the thumb and is the 
most common injury of the hand in skiing (62 %) [8]. Injury 
mechanism is an atypical abduction in the MCP joint while 
holding a ski pole in case of fall. In severe cases the result is 
a Stener lesion with a dislocation of the distal ulnar collateral 
complex and interposition of the adductoraponeurosis [9].

 Lower Extremity
Due to the switch to buckled skiing boots in the 70s, location of 
injuries shifted from the ankle and distal leg towards the knee. 
Since then incidence of knee trauma is stable. In most of the 
cases capsula, mensicus and ligament lesions, especially ACL 
ruptures and medial collateral ligament lesions, occur. [10, 11].

 Injuries of the knee
Traumata of the knee are the most common in alpine sports. 
There is a gender difference where women suffer 3.3 times 
more likely from a ACL rupture then men [12, 13]. Reasons 
are anatomical differences (e.g. valgus alignment, smaller 
notch wideness), neuromuscular (insufficient quadriceps- 
hamstring coactivation) and gender specific joint laxity [14].

In recreational skiing ACL lesions happen because of a 
forward fall with a sudden “catch”, while professional skiers 
incur a “slip-catch-mechanism” [15]. Additionally, concern-
ing recreational athletes, in 96% of the patients with an ACL 
rupture ski binding was not released correctly [16]. Beside 
isolated ligament trauma, combined injuries occur. 
Multiligament- and also meniscal or even osteochondral 
lesions appear. The unhappy triad is quite rare [17].

 Lower Leg and Ankle
Beside soft tissue injuries, fractures of the tibia and the lower 
leg are typical in recreational and professional skiing. 62 % of 
the fractures in recreational Skiing happen through rotational 
trauma while 59 % of the cases are caused by a malfunction of 
the release mechanism of the binding [18]. The ski then acts 
as a lever arm. Professional skiers suffer more frequent of 
transvers and oblique fractures of the lower leg, especially at 
the edge of the skiing boot (boot-top-fractures) [19].

Small Breaches
Blisters occur frequently, especially in active populations. It 
is a result from frictional forces that mechanically separate 

epidermal cells at level of the stratum spinosum. Clinical 
experience suggests draining intact blisters and maintaining 
the blister roof. This results in the least discomfort to the 
patient and may reduce the possibility of secondary infec-
tion. Treating deroofed blisters with hydrocolloid dressings 
provides pain relief and may allow patients to continue phys-
ical activity if necessary. There is no evidence that antibiot-
ics influence blister healing [20]. The best treatment is to 
prevent blisters. Blisters can be prevented by wearing prop-
erly sized boots, conditioning feet, wearing socks that reduce 
friction and moisture [21].

Heel Injuries
In essence there are three afflictions about the ankle that 
result from skiing: rupture of the Achilles tendon, Achilles 
tendinitis, and dislocation of the peroneal tendon. The cause 
of Achilles tendinitis and Achilles tendon rupture is, in fact, 
pressure within the fascial compartment of the Achilles ten-
don, which is caused by a swollen distal soleus muscle, 
occluding the circulation and thereby producing avascular 
necrosis with subsequent tendinitis yielding to rupture [22]. 
Treatment of tendinitis should be conservativly. In case of 
Achilles Tendon rupture operative therapy should be pre-
ferred to gain optimal stability and lower rerupture risk.

Posterior heel pain can also be attributed to a Haglund 
deformity, a prominence of the calcaneus that may cause 
bursa inflammation between the calcaneus and Achilles ten-
don [23]. Extracorporeal shockwave therapy seems effective 
in patients with non-calcified insertional achilles tendinopa-
thy. Although eccentric exercises resulted in a decrease in 
VAS score, full range of motion eccentric exercises shows a 
low patient satisfaction compared to floor level exercises and 
other conservative treatment modalities [24].

Distal Fibula Fractures
Fibula fractures should be diagnosed quickly and depending 
on the findings, treatment needs to be determined whether 
nonoperative or operative therapy is required [25]. To clas-
sify these fractures the Weber or AO classification is used. In 
snowboarding nearly two-thirds of fractures are to the left 
limb whereas in skiers laterality is not typical. Most fractures 
in skiers are the result of falls while a greater proportion of 
snowboarders have jump-related injuries [26].

Tibial Pilon Fractures
Complicated injuries are tibial pilon fractures. Typical is a 
rotational trauma leading to spiroid fractures (AO 43-C) asso-
ciated with joint separation and modest articular and soft tis-
sue damage. Open fractures from inside-out can occur. The 
elementary separations include the anterolateral pedicle bone 
on the anterior tibiofibular ligament (Chaput fracture), poste-
rior the Volkmann fragment and medial. In a first step these 
injuries need to be stabilized, most often using an external 
fixation to restore the length and prepare for definitive fixation 
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by plating. Goal of the definitive treatment should be restoring 
the articular surface to prevent secondary joint degeneration 
best possible and avoid malpositioning of the foot. [27].

 Others
In contrast to lower leg fractures, femur or hip lesions are 
rare and a consequence of of high-speed trauma or collisions 
[28]. Similar accidents can also cause blunt abdominal-, 
torso- and thoracic-trauma without involvement of the spine 
and occur isolated or combined with polytrauma with high 
“injury severity score” (ISS) [29].

 Epidemiology

 Competitive Alpine Skiing
Competitive Alpine Skiing is considered a sport with high 
injury rates. Every third athlete is injured each season and 
every sixth athlete suffers from an injury that leads to an 
absence from training and competition for more than 28 days 
[2]. In contrast to most other sports alpine skiing has a high 
proportion of time–loss and severe injuries [1, 2]. Males 
have a 1.24–1.42 higher relative injury risk than females. 
Ankle, foot and lower leg injury rate was also lower for 
females compared to males [30].

In competitive (World Cup) alpine skiing the most fre-
quently injured body part is the knee (35.6–36.0 % of all 
injuries), followed by the lower leg and achilles tendon 
(11.1–11.5 %), the lower back region (11.1–11.5 %), hand 
(8.9–9.0 %), head and face (8.5–8.6 %) and shoulder (6.8–
6.9 %). The ankle follows next with 5.2–5.3 %. Lower leg, 
foot, heel and toe injuries account for 1.6 % of all injuries 
[1, 2].

Injury types to the lower leg are fractures and bone stress 
(36.4 %), joint and ligament injuries (9.1 %), muscle and ten-
don injuries (9.1 %) and contusions (36.4 %). Injury types to 
the ankle are fractures or bone stress (30.0 %) joint and liga-
ment injuries (70.0 %) [2].

Generally it has been observed that high-speed disciplines 
have a 3 times higher risk of injury compared to e.g. slalom [1].

 Recreational Alpine Skiing
Similar to competitive alpine skiing also recreational alpine 
skiing suffers from high injury risk compared to other sports 
[31]. Generally a reduction of injuries occured in recreational 
alpine skiing in the past years compared to the reference sea-
son 1978/1980 [32]. This is due to more use of protection 
equipment, popularity of Carving skis and advanced slope 
preparation. 0.84/1000 alpine athletes, is the lowest inci-
dence of inpatient treatments ever recorded in Germany. 
Reasons are a trend towards ambulant treatment, but can be 
interpreted as a lower severity of injuries [3].

In detail injuries of the knee joint are by far the most fre-
quently with 37.2 % followed by shoulder injuries 20.1 %. 

Head trauma occurs by 7.2 %. Findings of the past years 
showed a decrease of knee trauma and other body parts in 
contrast to upper extremity and shoulder [3]. Particular 
importance is the drop of craniocerebral injury as a result of 
acceptance of helmets.

Professional athletes have a risk of injury 4.1 per 1000 ski 
days in contrast to 1.1–3.2/1000 ski days in recreational rid-
ers, which is a two to three times higher risk [1].

 Therapy (On the Field, Conservative, Surgical)

Alpine skiing is a high-risk sport. Therefore a regional 
adapted rescue concept is required. If severity of injuries 
determines to continue the ride, treatment starts direct on 
the slope by specially trained paramedics. In cases of a 
life-threatening trauma or impossible to transport the 
patient on a sledge rescue is usually done by snow groomer 
or helicopter. In larger skiing areas hospitals for primary 
health care with radiologic facilities and trained specialists 
are able to diagnose and precise treatment. Therapy is 
depending on the injury. Smaller trauma can be treated 
ambulant while more severe cases need inpatient care. 
Fractures are handled conservative or if diagnosis requires 
an operation a definitive osteosynthesis or installation of a 
fixateur externe is performed. Rehabilitation and aftercare 
is done by the primary hospital and regional rehab centers 
itself or in case of tourists in their home countries. Due to 
limited availability of medical specialists in remote areas 
some patient need to be transferred to bigger hospitals to 
get the optimal treatment (e.g. intracerebral bleeding, 
intensive care monitoring, spine injuries with neurologic 
symptoms).

 Rehabilitation and Back-to-Sports

In general rehabilitation is based on the injury and its 
required treatment. Smaller trauma normally needs no spe-
cific aftercare beside enough rest to overcome the symp-
toms. More severe trauma needs longer after treatment. In 
situation with complex fractures or ligament lesions some-
times even stationary rehabilitation including daily physio-
therapy is necessary. Regular clinical checkups should be 
performed by either a GP or a specialist to decide when the 
patient is ready to be back to sports. In professional sports 
the priority goal is to be back in training and/or competi-
tion. Therefore intensive physiotherapy, adaption of the 
training and competition schedule is mandatory. The 
moment of recovery is normally determined by a team doc-
tor in consultation with the coaches, physiotherapists and 
of course the athlete. Important is to prevent a too early 
intensive load to avoid relapse or longer drop out especially 
during a season.
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 Prevention

Due to the high injury risk in competitive alpine skiing, the 
International Ski Federation (FIS) has installed a permanent 
injury surveillance system [1, 2, 30, 33]. Accidents happen 
as a result of external (weather, snow condition, slope prepa-
ration) and internal factors (fitness level, skills) [34]. Specific 
training especially force in extensions and flexion of the 
lower extremity, core strength and technique to avoid lay-
back position reduce the risk of injury. Another important 
role is the right choice for a suitable boot and binding com-
bination [35].

In the past years more and more protective equipment 
found its way to the market and on the slopes. Their mecha-
nism is based on passive stabilization and mechanical pro-
tections [32]. There is a variety of braces, vests and suits for 
ankle, knee and spine. Helmets gained acceptance through-
out alpine sports. In professional disciplines is the use 
obliged [36] while in recreational skiing over 60 % of the 
athletes protect themselves [37]. Helmets prevent or moder-
ate head trauma between 22 and 60 % [37–39].

The above section includes evidence level II.

 Summary

Alpine sports have a high risk to suffer injuries. The knee 
(fractures-, ligament injuries) is the most frequent affected 
body part. In the past years incidence of trauma that required 
medical treatment was reduced. Increasing numbers of ath-
letes use protective helmets. Therapy is due to the injury and 
should be performed as soon as possible and with the goal of 
an early functional treatment.

 Snowboarding

 Etiology, Pathomechanism and Therapy

Causes of foot and ankle injuries are most likely falls or a 
result from jumps. There is no significant correlation between 
boot type (soft, hybrid, or hard) and overall foot or ankle 
injury rate. But there are significantly fewer ankle sprains in 
patients wearing hybrid boots and fewer fractures of the lat-
eral process of the talus in patients wearing soft boots [40]. 
In total snowboarding has a higher incidence of injuries than 
downhill skiing [41].

 Fracture of the Processus Lateralis Tali
Many of these fractures are not visible on plain radiographs 
and require computed tomography (CT) imaging to be diag-
nosed. The physician should be very suspicious of anterolat-
eral ankle pain in the snowboarder, where subtle fractures that 

may require surgical intervention can be confused with ante-
rior talofibular ligament sprains [40]. As the axial-loaded dor-
siflexed foot becomes externally rotated and/or everted, 
fracture of the lateral process of the talus occurs. Primary sur-
gical treatment may improve the outcome of this injury, reduc-
ing the risk of secondary subtalar joint osteoarthritis. In type II 
fractures, primary surgical treatment has led to achieving bet-
ter outcomes, reducing sequelae, and allowing patients to 
regain the same sports activity level as before injury [42].

 Peroneal Tendon Injuries
Acute tears of the peroneus brevis, and less commonly the 
peroneus longus are often coexistent with peroneal instabil-
ity. Subluxation typically occurs when the foot is in a dorsi-
flexed position and the peroneal muscles strongly contract, 
causing an eversion force simultaneously [43]. Most acute 
peroneus brevis tears are longitudinal, occur adjacent to the 
tip of the fibula and require surgical treatment. Acute pero-
neus longus tears more commonly occur at the level of the 
cuboid tunnel and may initially be managed nonoperatively. 
However, if associated with stenosing tendonitis, debride-
ment and tenodesis may be required. Rarely, complete rup-
tures of both peronei occur and, if there is a significant 
defect, reconstructive procedures are required [44]. 
Techniques involves sutering using anchors, hamstring 
allograft reconstruction, the silicone rod technique, flexor 
digitorum longus transfer to the peroneus brevis, and treat-
ment of associated pathology [43].

 Fractures of the Foot
Fractures of the foot are rare in alpine sports. Depending on 
the radiologic diagnosis treatment needs to be determined. 
Often CT scans are required to identify a fracture. Operative 
treatment should be performed in consideration of a wise 
soft tissue management.

 Epidemiology

A study from 12 Colorado ski resorts showed in total 3213 
snowboarding injuries, 491 (15.3 %) were ankle injuries and 
58 (1.8 %) were foot injuries. Ankle injuries included 216 
(44 %) fractures and 255 (52 %) sprains. Thirty-three (57 %) 
of the foot injuries were fractures and 16 (28 %) were sprains. 
The remaining injuries were soft tissue injuries, contusions, 
or abrasions. An unexpectedly high number of fractures of 
the lateral process of the talus were noted. These fractures 
represented 2.3 % of all snowboarding injuries, 15 % of all 
ankle injuries, and 34 % of the ankle fractures [40].

Similar to alpine downhill skiing injury patterns are differ-
ent in competetive and recreational snowboarding. Elite- level 
snowboarders are often injured when performing difficult 
manoeuvres at high velocities and with amplified levels of 
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force to the lower limbs. Consequently, elite-level snow-
boarders suffer from injuries that are of higher severity and 
have decidedly greater lower extremity injury rates [45]. The 
risk of injuries is higher in snowboard cross than in halfpipe, 
big air and parallel slalom [46]. Compared to skiing foot or 
ankle injuries occur more likely with snowboarding [47].

 Therapy and Rehabilitation

Please refer section Rehabilitation and Back-to-Sports in the 
“Alpine Skiing” chapter.

 Cross-Country Skiing

 Injuries

The majority of injuries in cross-country skiing are overuse 
injuries compared to traumatology injuries [48, 49]. The 
types of injuries in competitive cross country skiing consist 
of muscle and tendon (37.5 %), joint and ligament injuries 
(31.3 %), contusions (14.6 %), injuries of the nervous sys-
tem (6.3), skin injuries (2.1 %) and others [1]. The incidence 
is 0.2 injuries per 1000 km skied. All in all cross- country 
skiing has a low injury risk, especially when compared to 
alpine slalom, representing the alpine discipline with the 
lowest risk [50].

 Etiology and Pathomechanism

Most of the injuries in professional cross-country skiing are 
overuse ailment while 25 % are caused by trauma. Most 
common is the medial tibial stress syndrome, achilles tendon 
problems and lower back pain especially in the age group 
between 16 and 20 years. Among traumatic injuries most 
frequently are ankle lesions (ligament and fractures), muscle 
ruptures and knee ligament sprains.

Shoulder dislocation, acromiocalvicular separation, and 
rotator cuff tears are not infrequent. Lesions of the ulnar col-
lateral ligament at the MCP (Stener’s lesion) is the most 
common injury of the upper extremity.

Back pain may result from repetitive hyperextension dur-
ing the kick phase and recurring spinal flexion and extension 
during double poling phase.

Microtrauma in the muscletendinous units of the groin 
can be caused by repeated slipping on hard icy tracks. Tears 
of the medial collateral ligament and the anterior cruciate 
ligament (ACL) are typical injuries in falls and usually need 
surgical treatment and long rehabilitation. A twisting mecha-
nism can conduct to a lateral patella dislocation, along with 
patella fractures and prepatellar bursitis through direct 

trauma. Patellofemoral pain is a frequent problem especially 
on tracks with downhills because increased knee flexion 
angle requires greater force generated by the quadriceps 
muscles, which turns into greater stress between the patella 
and the femur.

Medial-tibial stress syndrome frequently occurs along the 
medial border of the tibia of professional skiers. Also an 
anterior compartment syndrome is observed especially in 
prolonged episodes of the skating technique.

Cross-country skiers also suffer frequently from achilles 
tendon problems and stress fractures in the foot [48].

 Epidemiology

Compared to competitive alpine skiing, cross country skiing 
has a much lower injury risk. For competitive cross country 
skiing 11.4 athletes per 100 athletes suffer an injury each sea-
son compared to 36.7 in competitive alpine skiing. The number 
of injuries which lead to absence from training and competition 
for more than 1 day is 6.3 compared to 29.8 in alpine skiing. 0.7 
athletes in cross country skiing suffer a severe injury per season 
compared to 11.3 in alpine skiing [1]. Expressed in injuries per 
skiing day cross country skiers suffer an injury at 0.2 to 0.5 to 
0.73 injuries per 1000 skiing days [48, 51].

The most frequently injured body part in competitive cross 
country skiing is the lower back, pelvis and sacrum (26.0 % of 
all injuries), followed by the shoulder and clavicula (14.6 %), 
lower leg and achilles tendon (10.4 %), knee (8.3 %) and 
elbow (8.3 %), hip (6.3 %) and ankle (6.3 %). Foot, heel and 
toe injuries account for 4.2 % of all injuries [1]. Beginners 
seem to be prone for upper body injuries [52]. Cross country 
skiing athletes suffer a large part of the acute injuries while 
executing sports other than cross country skiing [51].

 Focus: Lower Leg and Ankle

The most common overuse injuries include medial-tibial 
stress syndrome, arthritic changes in the great toe [53] and 
achilles tendon problems. Most common among traumatic 
injuries are ankle ligament sprains, fractures and muscle rup-
tures [48].

The early functional treatment of acute ankle sprains will 
return many skiers to activity quickly [54]. Dysfunction of 
the posterior tibial tendon or rupture of the peroneal tendons 
is rare, and dislocation cannot be diagnosed with certainty 
unless it is seen promptly or can be reproduced on examina-
tion. Most injuries in cross country skiing can be treated con-
servatively, and some can be avoided with adequate 
preparation and training [53]. Fractures, complex ligament 
ruptures and instability disorders usually need operative 
treatment.
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A severe and often misdiagnosed injury is a lesion of the 
syndesmosis. External rotation and excessive dorsalflexion 
of the foot on the leg have been reported as the most common 
mechanisms. Early rigid immobilization and pain relief strat-
egies, followed by strengthening and balance training are 
recommended. Heel lift and posterior splint intervention can 
be used to avoid separation of the distal syndesmosis induced 
by excessive dorsiflexion of the ankle joint. Surgical inter-
vention is an option when a complete tear of the syndesmotic 
ligaments is present or when fractures are observed. 
Indication for a surgical intervention is also given by a rup-
ture of the deltoid ligament, being an important part of main-
taining medial stability to the ankle joint [55].

 Therapy

On the field medical services should be carried out in the 
manner of paramedics and in adaption to the situation. In 
professional sport involve the team doctor or physiothera-
pist. Sometimes competitions or training take place in remote 
areas, organize transportation and advanced medical help as 
soon as possible. Depending on the diagnosis a conservative 
or invasive treatment should be initiated. Surgical treatment 
includes osteosynthesis in alignment to the AO criteria and 
latest operational techniques e.g. in ACL reconstruction.

 Rehabilitation and Back-to-Sports

See section rehabilitation and back to sport in the alpine ski-
ing chapter.

 Prevention

In recreational sports each athlete should be aware of their 
own skills and physical shape and adapt the sport load. Also 
equipment should be checked regularly and be prepared for 
outside conditions. In professional cross-country skiing tap-
ing and other symptoms preventions method are a mandatory 
part of the training and pre competition preparation. Also 
testing of the right equipment and sometime even custom 
made solutions are necessary.

Highest level of evidence in the above section is 3.

 Summary

Cross-country skiing is in recreational as well as in profes-
sional matter a low risk sport. Most problems occur in terms 
of an overuse (lower back pain, ventral knee pain, ankle 
sprains). Traumatic injuries a mostly caused by falls and can 

lead into fractures and severe ligament injuries. Prevention 
involves adequate equipment and sport load in consideration 
of the individual physical performance.
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Surfing: Board, Wind, Kite

Karl-Heinz Kristen

Abstract

Most doctors believe that water sports are save and harmless concerning foot and ankle 
injuries. However, analyzing injury patterns in Windsurf, Kitesurf and wave surf, foot and 
ankle injuries rate within the most frequent. Collision with the board, obstacles in the water 
close to the beach and rotation trauma with the foot fixed in foot straps and bindings are the 
causes. Superficial wounds may cause dangerous infections especially in tropical water. 
Midfoot injuries tend to be overlooked and may cause painful chronic instability and arthri-
tis. Surfers must be instructed in self-management of open wounds. Lisfranc joint 
Subluxation and subtalar injuries must be excluded after a fall with the foot caught in the 
foot strap.

Keywords
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 Introduction

Surfing, Windsurfing and Kitesurfing are water sports per-
formed by all age groups. Surfing areas are coastlines with 
waves. Kitesurfing and windsurfing areas are the sea and 
lakes all over the world with constant and strong winds. 
Competitions, professional wold cup tours are pushing the 
level of surfing. Awards for the biggest surfed waves, high 
jump in kitesurfing, and storm surf in windsurfing are show-
ing the extremes. But most of these fun sports are performed 
in easier and lighter conditions.

 Injuries

Although these sports are watersports, foot and ankle inju-
ries are the most frequent injuries in Windsurf and Kitesurf 
athletes. As the team doctor at the world pro tour event of 

Kitesurfing and windsurfing in Austria since the year 2000 
there is a 14 years experience with injuries in Kite- and 
windsurfing. Every year since 2000 the world elite in wind-
surfing and kite surfing was questioned and examined. Ankle 
sprains are common. Skin lacerations especially on the feet 
are frequent and the feet of the athletes are usually full of 
scars. Limited range of motion in the ankle and subtalar 
joints is a frequent finding especially in freestyle windsurf 
athletes. In wave surfing, head injuries are the most frequent 
but also followed by ankle and foot injuries.

 Etiology and Pathomechanism

Why does a water sport cause such a high rate of foot and 
ankle injuries? The sport of surfing is mostly performed 
barefoot because of the better tactile feedback to the board. 
Neoprene boots are just used in cold water for cold protec-
tion. Sharp rocks, shells, sea urchin and poison fish but also 
beach pollution are frequent causes for cuts and skin lacera-
tions – the most frequent foot injury in surfing sports. The 
own surfboard, especially the fiberglass or carbon fiber fins 
are the second frequent cause of injury. Open wounds need 
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1–2 weeks for proper healing. But the athletes wish to go 
back to surf. Therefore wounds are always wet, exposed to 
UV radiation and to bacteria. Deep wound infections can 
become a danger to life especially in tropic regions and after 
reef contact.

Foot straps are used in windsurfing and Kitesurfing for 
board control. Injuries occur if the foot stays in the foot strap 
during a fall. Rotation and hyper – extension or – flexion can 
cause ligament injuries, fractures and luxation around the lis-
franc joint. These injuries are similar to the injury described 
by Jacques Lisfranc in the 1800s. He observed lisfranc joint 
luxation in horse riders falling from the horse and getting 
caught in the stirrup. If wide foot straps or – in Kitesurfing – 
wake board bindings are used, the foot has a better stability 
in the strap. But sliding out of the strap becomes more criti-
cal and subtalar or ankle joint injuries are more likely. Ankle 
ligament injuries – medial as well as lateral – may cause 
chronic ankle instability. Care must be taken in ankle com-
pression & rotation injury. Talar neck fractures and subtalar 
fractures, snowboarder’s ankle (see Chap. 68) are often over-
looked injuries.

Jumps and falls are normal in these sports and most inju-
ries occur landing the board after high jumps in the water. 
Kitesurfing presents a special risk as starting and landing the 
kite is by far the short period with the highest risk. Getting 
lifted up in the air on land without detaching from the power 
kite is critical.

 Epidemiology

 Kitesurf

In a recent review concerning Kitesurf injuries, Bourgois [1] 
concluded: Of all injuries, 45–70 % occurred in the lower 
extremities. The ankle (64 %; p < 0.01) is the area of the 
lower extremities most affected by injury, followed by the 
foot (14 %). Joint sprain (up to 40 %); contusion (up to 34 %); 
abrasion (up to 28 %); muscle/tendon damage (up to 18 %); 
and wounds, laceration, and cuts (up to 17 %) were among 
the most frequent types of injuries, while fractures were 
responsible for 3–11 % of all injuries.

Our personal experience [2] showed that the rate of inju-
ries did not change over the last 14 years. We had in our col-
lective of professional athletes 16 % foot and ankle 
injuries – quite equal to shoulder with 17 % (Fig. 66.1).

 Windsurf

Prymka [3] questioned 44 semi-professional windsurf com-
petitors: The most common injuries were ligament ruptures 
of the lower leg (33 %). Our own experience [4, 5] with pro-

fessional windsurf athletes showed a rate of 38 % lower leg 
injuries. Cuts and skin lacerations were the dominant injury. 
However, in the last years, freestyle windsurfing developed 
with spectacular rotation jumps. The foot has to stand deep 
in the foot straps in order not to loose the board during these 
jumps. The incidence of ankle ligament injuries has increased 
(Figs. 66.2, 66.3a, b and 66.4).

 Surf

Woodacre [6] analyzed Wave surf injuries: Head injuries 
were the most common (24 %) followed by ankle (19 %), 
knee (13 %). Surfers collided most often with their own 
boards (31 %). The other collisions were with rocks/coral 
(15 %), the sea (11 %), other surf boards (10 %) the sea bed 
(7 %), other water vessels (2 %). cuts/lacerations (31 %) were 
the commonest type of injury, followed by bruises/peri- 
orbital ecchymoses (24 %), joint/ligament sprains (15 %), 
muscle or tendon tears/ruptures (9 %), concussion (5 %), 
fractures (3 %) (Fig. 66.5).

Fig. 66.1 X ray side view: foot of a professional kitesurfer with proxi-
mal second metatarsal fracture and ORIF

Fig. 66.2 Windsurf footstrap
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 Therapy

Cuts and open wounds need careful cleaning and removal of 
foreign bodies. Especially in tropical regions, cleaning, dis-
infection and taping has to be repeated every day. Be aware 
of infection.

For surfers travelling, an emergency bag should always 
contain Dressing and ev. Antibiotics.

Lisfranc joint and midfoot ligament and osseous injuries 
are often overlooked in normal X ray examination. Careful 
examination of the midfoot is recommended if a history of 

“torn in the foot strap” is reported. CT scan or MRI is indi-
cated in doubt. Lisfranc joint luxation and fracture often 
requires surgical reconstruction.

Ankle joint injuries may compromise the subtalar joint. 
Look out and ask for rotation and compression type of injury. 
Subtalar or talar neck fractures may require surgical 
 reconstruction. Syndesmotic injuries need rest for 6 weeks. 
Simple ankle lateral ligament injuries should be stabilized 
with ortheses. But take care: most ankle orthoses do not work 
in the water. Classic tape and kinesio tape are washed off in 
the water within minutes. Waterproof duck tape is often the 
only way to allow surfing after ankle sprain (Fig. 66.6).

Fig. 66.3 (a) X ray of a foot 
after distortion in the footstrap. 
(b) MRI of the foot showing 
bone marrow edema in the 
Lisfranc joint area

Fig. 66.4 Windsurf freestyle maneuver Fig. 66.5 Superficial skin laceration of a surfer’s foot
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 Rehabilitation and Back-to-Sports

Surfers – especially professionals – want to back in the water 
as soon as possible. Therefore rehab protocols should be 
adapted. Balance exercises can be done on SUP boards. In 
kite surfing, strapless boards can be an alternative after ankle 
sprains. However, lisfranc-, subtalar und ankle fractures need 
long periods of rest.

 Prevention

Avoid sharp fins if possible. Wear shoes for protection in 
dangerous water conditions.

Choose and carefully select Bandage suitable for use in 
wild water conditions.

Sports equipment – foot straps must be adjusted to the 
feet of the rider carefully.

 Evidence

The level of evidence in this topic is Level IV.

 Summary

• Surfing sports have a high incidence of foot and ankle 
injuries.

• Cuts and open wounds are must be disinfected and treated 
carefully to avoid deep infections

• Lisfranc joint lesion may occur in foot straps and must be 
detected and treated.

• Ankle and subtalar joint injuries may include snowboard-
er’s ankle and talar neck fractures.
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Swimming/Aquatics

Matthias D. Wimmer and Milena M. Ploeger

Abstract

Swimming and aquatics involve multiple and diverse single and team disciplines. Since 
swimming is a non weight bearing sport and water polo is the only discipline involving 
tackling, direct injury is rare. Eventually it may occur in diving disciplines. Overuse and 
monotonous training patterns should be avoided, especially when dry training in athletes. If 
an injury occurs, therapy should be individually adapted to the specific pattern after appro-
priate classification. Overall swimming and aquatics is probably the safest sport activity 
available regarding foot and ankle injuries. The way towards the pool on slippery ground is 
the most dangerous part of leisure and competitive aquatics in respect to foot and ankle 
injuries.

Keywords

Swimming • Diving • Water polo • Aquatics • Overuse • Dry training

 Injuries

Swimming as a leisure activity or competitive sport is 
diverse. Multiple disciplines are part of the summer 
Olympics: freestyle, backstroke, breaststroke, butterfly, par-
tially combined as medley and relay events in different 
ranges. Since 2008 a 10 km swim marathon is an official 
Olympic discipline as well. But swimming involves multiple 
other disciplines. Altogether they are usually summarized as 
“aquatics”. This involves synchronized swimming, water 
polo, and diving from different heights as a single or team 
competitions [1].

A sport physician treating athletes in aquatics should be 
familiar with the different techniques and physical demand 
of the different disciplines [2].

Swimming is a non weight bearing sport and thus the load 
and risk for foot and the ankle injuries are low. Subsequentially 

it is considered to be the optimal training and sport activity 
in athletes with prior lower extremity problems or injuries 
[3–5].

Swimming and diving rank among the disciplines with 
the fewest injuries during the summer Olympics 2008, and 
this is especially true for foot and ankle injuries [6, 7].

 Etiology and Pathomechanism

Direct injury to the foot or ankle in aquatics is rare. It might 
be caused when flipturning at the end of the pool. Direct con-
tact to an opponent occurs in water polo or in training with 
multiple swimmers in one lane only. In diving a inadequate 
landing position might result in foot and ankle sprains or 
even in fractures [8].

In water polo tackling underwater can potentially result in 
ankle sprains and direct trauma, but since tackling in water 
polo is a low velocity trauma due to the water resistance 
trauma energy cannot be compared to non underwater sports. 
In athletes dry training such as running and fitness pose more 
risks of injuries to the foot and ankle system as described in 
the respective chapters of this book [9].
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 Epidemiology

There is only very little scientific literature available report-
ing on swimming related foot and ankle injuries. A PUBMED 
search (Oct 10th 2014) for the terms (swimming AND (foot 
OR ankle)) revealed 374 results. The search terms (water 
AND polo AND (foot OR ankle)) produced 6 results only, a 
search for (diving AND (foot OR ankle)) revealed 75 publica-
tions. The term (aquatics AND (foot OR ankle)) produced 3 
results. After exclusion of irrelevant publications only seven 
papers remain dealing with foot and ankle related problems 
and injuries specifically by aquatics.

 Therapy

Therapy should be adapted to the specific injury, to the indi-
vidual injury pattern, and patients’ needs.

 Rehabilitation and Back-to-Sports

As described above, the rehabilitation program and Back-to- 
Sports are usually adapted to individual patient needs 
depending on the injury pattern and the level of training [10].

 Prevention

The most dangerous part in aquatics is the way towards the 
pool on slippery ground and not the discipline itself. Pool 
edges and careless running should be avoided. Especially 
when training with children proper instructions and supervi-
sion by adults are important. For athletes discipline adapted 
training programs should be used to avoid monotonous 
movement and to minimize overuse, including extensor ten-
don inflammation over the dorsum of the foot [11].

A sufficient number of recovery days should be included in 
the training program, especially in older athletes [9, 12, 13].

 Evidence

There is no specific evidence available on foot and ankle 
injuries or their treatment of foot and ankle problems avail-
able in respect to EBM critofria.

 Summary

• Swimming and aquatics is probably the safest sport activ-
ity available regarding foot and ankle injuries.

• Direct injury is rare.
• Overuse and monotonous training patterns should be 

avoided.
• Therapy should be adapted to the individual injury.
• Overall the way towards the pool on slippery ground is 

the most dangerous part of leisure and competitive aquat-
ics in respect to foot and ankle injuries.
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Snowboarding

Klaus Dann

Abstract

Snowboarding has become a very popular winter sport in North America, Asia, Europe and 
New Zealand. Around ten Million Boarders perform the sport worldwide and the sport 
 disciplines are splitted in mainly Freeride/Freestyle orientated disciplines like Halfpipe, 
Snowboard Cross, Slopestyle and Alpine Racing with Parallel Slalom and Parallel Giant 
Slalom only performed in the FIS Alpine Snowboard World cup and all together at Olympic 
games like Sotschi 2014.

In general snowboarding moves from competitive formats towards freeriding in powder 
snow or fun parks. Most of the snowboarders prefer soft boots and soft bindings and 7 % of 
all fractures caused by snowboarding are fractures of the talus and the mid foot. The frac-
ture of the lateral process of the talus (LPT), so called “snowboarder’s ankle”, is a typical 
lesion on the front foot in case of unexpected moguls, rollers and hard impact landings with 
the mechanism of dorsiflexion, hyperpronation and external rotation. This lesion is often 
ignored and treated as a lateral ligament ankle sprain. It is important to ask for special bind-
ing systems, which stance is used and ask whether the front foot is the affected one. 
Therefore it is necessary to perform a perfect clinical investigation in the hospitals. If a 
snowboarder reports pain 1 cm distal from the tip of the lateral malleolus and reports pain 
during weightbearing especially at movements in dorsiflexion and hyperpronation an X 
Ray/Broden view and CT Scan are necessary to detect this lesion. All dislocated snow-
boader’s ankle need an operative treatment, usually done with minimal invasive percutane-
ous osteosynthesis by cannulated titanium screws. If you miss the diagnosis the fragment of 
the LPT will be destroyed and must be resected. This procedure may lead to a posttraumatic 
osteoarthritis of the subtalar joint. Many of these snowboarders are not able to proceed with 
snowboarding.

Mid- and forefoot fractures are mostly caused by an open ankle strap of the softbinding 
systems. In case of dislocation operative treatment is necessary, if there is no dislocation a 
conservative treatment with a walkerboot is a good option.
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Keywords

Snowboard history • Snowboard disciplines • Freeride/Freestyle versus Alpine Racing dis-
ciplines • Snowboard bindings • Epidemiology of snowboard related ankle injuries • 
“Snowboarder’s ankle” –fracture of the lateral process of the talus LPT • Treatment of LPT

 Introduction

Since the mid 1980s Snowboarding has become an enor-
mous booming winter sport in North America and also 
Europe. Meanwhile we see ten Millions of snowboarders 
worldwide.

At the very beginning snowboarding was performed by 
boards without straps and bindings, directed only by a steer-
ing line from the tip of the shovel. These boards were called 
“snurfer”, a hybrid of ski and surfboard invented by Sherman 
Poppen in 1963 in USA.

Around 100 years before Austrian miners used similar 
wooden boards with leather straps during winter season to 
ride down from the gold mines in the Austrian alps around 
Heiligenblut and Mürzzuschlag. Some of these “miner,s 
horses”(“Knappenrösser”) are exhibited in the Museum of 
Mürzzuschlag, Styria and in the Museum of National History 
in Vienna, Austria.

Snowboarding has become an Olympic discipline in 
1998 in Nagano with half pipe and GS Carving. Since the 
last Olympic games in Sotschi 2014 the snowboarding disci-
plines were held as PGS (Parallel Giant Slalom), PS (Parallel 
Slalom), HP (Half Pipe), SBX (Snowboard Cross) and SBS 
(Snowboard Slope Style) (Fig. 68.1).

 Snowboardbindings: Softbinding, Slip-in, 
Step-in and Plate Bindings

The Americans Jake Burton, Tom Sims and Dimitrij Milovich 
were snowboard pioneers in the USA and they started to 
develop bindings for snowboards for a better riding control 
on packed slopes.

The first bindings were just straps like windsurfing straps, 
you could only slip in with your boots without any fixation. 
In case of an accident, snowboarders slip out of the bindings 
with less risk to injure their ankle, the lower leg or the front 
food. The disadvantage was that you are only able to surf on 
powder snow but not on packed and icy slopes.

The development of snowboarding bindings shows two 
categories of bindings.

First the American style, with soft boots and soft bindings 
for freeriding and more freestyle orientated snowboarding 
and second the European style, race oriented hard boots and 
plate bindings for alpine racing like PS, PGS. Both binding 
systems have no possibility of release in case of sudden fall. 
It means snowboarders are fixed with both feet on the board. 
This circumstance produces typical lesions to the ankle and 
on the other hand protect the knee joints as we have seen the 
last three decades of snowboarding [1–6].

Fig. 68.1 Snowboard cross (FIS, 
pic by Helmut Fritzer)
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In the last 10 years the Snowboard industry developed 
more comfortable soft bindings systems with Step-in ore 
Slip-in soft bindings. Step-in means you put your soft boot in 

a binding plate and its only fixed to the sole like a ski boot 
(Fig. 68.2).

Slip-in means that the high back and the ankle strap of the 
binding is combined open and wide and you slip in with your 
boot in the prepared toe strap and fix the whole system with 
closing the high back. This Slip-in system produces a perfect 
fit of the whole foot compared to the non fitting Step-in bind-
ing (Fig. 68.3).

Nevertheless especially park snowboarders use the old 
fashioned high back bindings with separated ankle and toe 
straps which means you have to close both straps individu-
ally one after the other (Fig. 68.4).

The plate bindings are only used for Alpine Racing disci-
plines and extreme carving turns combined in racing with 
additional plates like shock absorbers and with hard boots 
similar to ski boots (Fig. 68.5).

 Epidemiology of Ankle Injuries

Snowboarding requires a permanent change from front to back-
side, which leads to a strain on extensor and flexor muscles of 
lower limbs and also muscle and tendons around the ankle joint. 
There is a big difference compared with skiing, where you bal-
ance on both limbs and riding is energy saving [7].

Each snowboard discipline use different foot positions 
with different stances and angles to the longitudinal axis of 
the board. This leads to a better spread of body weight espe-
cially in freestyle and free ride disciplines therefore the 
stance is wide and up to duck foot (divergent position). 
Compared to alpine race disciplines, the stance is more 
closed and the foot direction of both feet is at the front Fig. 68.2 Soft binding step in/sole fixation, injury mechanism

Fig. 68.3 Soft binding slip  
in/soft boot system
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60–50° and on the back foot around 40–50° to the longitudi-
nal board axis.

The ankle of snowboarders seems to be well protected in 
hard boots combined with plate bindings and also soft boots 
with Slip-in bindings, less protected in soft boots combined 
with old fashioned soft binding systems and at least less pro-
tected by soft boots with Step-in bindings.

Step-in bindings fix the soft boot only to the sole and in 
case of unexpected moguls, rollers ore worse landing situa-
tion the impact energy is most likely directed to the ankle 
which can cause hyperpronation and dorsiflexion of the front 

foot. In general this leads to an injured front foot. In case of 
regular stance it is the left one and in case of goofy footers 
the right foot is in front position.

In former times the most frequent ankle injury of freestyle 
snowboarders was the fibular ligament sprain (50 %) fol-
lowed by 14 % of malleolus lateralis ankle fractures with and 
without involvement of medial malleolus (2.8). Twenty-three 
percent of all injuries at the Olympic SBX (Snowboard 
Cross) in Sotschi 2014 were ankle affected injuries and 
caused a discharge of the athletes [8, 9].

 “Snowboarder’s Ankle”/Fracture of the Lateral 
Process of the Talus

Snowboarder’s ankle is often ignored but affects 15 % of all 
ankle joint injuries after snowboard falls. Seven percent of 
all the fractures caused by snowboarding are fractures of the 
midfoot and the talus. Snowboarder’s ankle, the fracture of 
the lateral process of the talus (LPT) was first described in 
1996 by Bladin and McCrory [10] and Kirckpatrick et al. 
[11] in 1998. Estes et al [12] in 1999, Platz and Sommer [13] 
in 2000 even reported this kind of talus lesion as a typical 
snowboard affected trauma. This injury mainly occurs at the 
anterior board ankle in dorsiflexion, hyperpronation/eversion 
and external rotation caused in even landing manoevers or 
unexpected shocks to the front food on the board by moguls 
and rollers as reported before [12, 14].

Fig. 68.4 Soft strap binding/soft 
boot

Fig. 68.5 Plate bindings + plate system/Shockabsorber (By Sigi 
Grabner, SGS Boards, Austria)
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 Generally Classification + Epidemiology 
and Location of Talus Fractures

Classification by Hawkins Type I–IV

Classification by Marti and Weber Type I–IV

Central fractures

  Head 5 %

  Neck + Corpus 70 %

  Talar dome 5 %

Periphereal fractures 17 %

  Processus lateralis tal “snowboarders ankle”+

  Processus posterior fractures

 Clinical Signs

Snowboarders typical reported pain approximately 1 cm dis-
tal of the fibular tip and during fully weight bearing espe-
cially in case of hyper pronation [10].

 Diagnosis, Imaging Procedures

The visualization should be performed with a special tangen-
tial anterior-posterior projection by X ray, called Broden’s 
view and in case of a reported lesion further on with a CT 
scan plus 3 dimensional reconstruction to detect grade of dis-
location and the size of the talar bone fragment. Additional a 
MRI to detect further lesions is an option (Fig. 68.6).

Often this injury is misinterpreted and treated as a lateral 
ligament ankle sprain. The clinical investigation of the 

injured snowboarder should be done in a high sitting position 
(like an examination bed) in front of the doctor. It is impor-
tant to palpate all bony and ligament structures, perform in- 
and eversion of the ankle joint, produce supination – pronation, 
dorsal – et plantar flexion and also anterior drawer test.

If we can not detect a dislocation of the LPT, snowboard-
ers get a walker (as Vacoped, Oped Company, Germany) for 
6 weeks. Three weeks in fixed 90° position and more 3 weeks 
in open position for a better walking mechanism. Afterwards 
an x- ray documentation of bone healing is necessary before 
fully weight bearing and sports activity can be done.

In case of fragment dislocation, the therapy of choice is 
the open reduction and internal fixation (ORIF) of the frag-
ment via small incision and the fixation with a cannulated 
titanium screw (Fig. 68.7).

After ORIF, patient get a walker for 4 weeks in fixed posi-
tion and further on with open walking mechanism for 2 
weeks. Again an X ray is necessary to document bony heal-
ing of the fragment and the position of the screws. In case of 
doubt we perform again a CT scan do detect the fragment 
and the bony healing.

 Important

If you investigate a snowboarder with pain on the front foot, 
please ask for regular (left foot front) or goofy stance (right foot 
front), kind of boots and kind of bindings. Than palpate the tip 
of fibula bone, the LPT and think about “snowboarder’s ankle”.

Perform an X Ray and if Broden’s view detected a frac-
ture of the LPT than a CT Scan with 3 dimensional 
 reconstruction is necessary. Detect the grade of dislocation 

Fig. 68.6 Broden’s view Xray/
CT scan
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and fragment size to go on for an operative treatment with 
small cannulated titanium screws.

Be aware about possible concomitant lesions like frac-
tures of [3]

Malleolar X −15 %

Calcaneus X −10 %

Cuneiforme bones, navicular, cuboid X −7 %

Tarsalbone + Phanlanges X −7 %

In case of concomitant calcaneus fracture please check 
the spine, maybe compression fracture of thoraco lumbal 
spine will exist.

Malleolar fractures, Pilon tibiale, are treated by the prin-
ciples of the AO with anatomic reduction and osteosynthesis 
(ORIF). Displaced fractures of Cuneiformes, Cuboid, 
Naviculare and Tarsal bone are mainly caused by open or 
broken ankle straps of soft bindings.

First ray fractures are seldom and in case of dislocation, 
surgery is necessary.

After operative treatment in our hands, all boarders get a 
walker for 6–8 weeks with partial weight-bearing and 
physiotherapy.

Thirty-five percent of examinated snowboarders com-
plained about pain during boarding. The knee joint has been 
affected with 35 % [15]. Snowboarders pain after ankle 
injury is triggered in 25 % on front food by non-union or 
necrosis of the dislocated fragment [10].

Many alpine racers reported shoe pressure problems like 
retrocalcaneal bursitis and inflammation of the skin caused by 
the heel lift in snowboard hard race boots [15–17] (Fig. 68.8).

a b
Fig. 68.7 Snowboarder’ankle 
fixed with titanium screw

Fig. 68.8 Snowboarder’s heel
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 Evidence

All literature in this chapter is Level of Evidence four to five.

 Summary

• “Snowboarder’s ankle” is the fractures of the lateral pro-
cess of the talus (LPT)

• This injury is often misinterpreted as ligament sprain
• Typically, patients report a local pain 1 cm distal to fibula 

tip
• The key diagnostics are: Tangential ap X Ray (Broden’s 

view), CT Scan + 3 D reconstruction; MRI might be also 
an option.

• Regarding the therapy: majority of the cases need opera-
tive treatment with a walker and partial weight-bearing
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Tennis and Racquet Sports

Christian Egloff and Victor Valderrabano

Abstract

Racquet sports are amongst the most popular recreational sports activities in young and 
older people. The risk of injury is similar to other individual recreational sports without the 
catastrophic risk of collision. Patterns of injuries to the lower extremity differ between ama-
teurs and professional players as well as between young and older players. Acute injuries 
tend to be more frequent in professional and young players whereas older and recreational 
players sustain more overuse injuries. Moreover there are distinct differences between ten-
nis, badminton and squash.

This chapter discusses the epidemiology, incidence, pathomechanism and treatment 
strategies of injuries in racquet sports. Furthermore player specific factors like volume of 
play, age, sex, skill level and playing surface have an influence on the prevalence of injury. 
Lastly, recommendation for return to sport and treatment strategies are discussed in this 
chapter.

Keywords

Foot and ankle • Tennis • Badminton • Squash • Injury • Racquet sports

 Introduction

Tennis, Badminton and Squash, summarized as racquet 
sports, have their origins in the nineteenth century with the 
first championships in Tennis organized in Wimbledon in 
1877. Since then racquet sports have been one of the fastest 
growing sports during the last decades with a higher increase 
in number of participants than ice hockey, basketball or 
football. The United States Tennis association estimated 
27 Million players in 2008 and more than 30 Million play-
ers in 2009 [1–3]. The ease of playing combined with the 

 widespread demographic range and many well-demonstrated 
health benefits contributed to the latest success of this sport. 
Moreover, with ongoing adaptation of rules, smaller court 
sizes for younger players (in Badminton) and slower tennis 
balls for older players the International Tennis Federation 
(ITF) tries to further expand the range of participating play-
ers. Racquet sports don’t seem to be as dangerous as other 
impact sports but during a game players are subjected to 
repetitive stop and go stressors with muscle strains and unex-
pected events to the lower extremity [4, 5]. These observa-
tions have been linked to a variety of acute, subacute and 
chronic type of injuries in all major body regions [4–8]. In 
this chapter we focus on injuries to the lower limb especially 
foot and ankle. We will discuss types of injury in different 
player categories, pathomechanisms, therapeutical options 
and preventions of such injuries. The literature on racquet 
sports injuries is very limited with the biggest amount of data 
resulting from epidemiological studies from tennis players. 
Equivalent data from squash or badminton are scares and 
based on small unrepresentative samples [9–11].
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 Injuries

Recent studies have shown that injury patterns in racquet 
sports distinctively differ between player categories [8]. We 
therefore have to sub-divide players into junior and elite cat-
egories versus adult recreational players in order to analyze 
types of injury, relative risks and giving play recommenda-
tion. Adolescent and professional players may tolerate higher 
training and match intensities, they have more acute and 
lower extremity injuries, and sustain more serious overuse 
stress injuries. Recreational players usually have less train-
ing- and match-hours and tend to have more upperextremity 
injuries and more degenerative lesions. Professional and elite 
tennis players develop more asymmetric musculoskeletal 
adaptations, which may result in an increase of pathological 
joint loading, abnormal biomechanics and overuse injuries 
[4]. In squash and badminton the literature provides less 
data, but the current knowledge suggests for more acute and 
traumatic injuries and less overuse injuries than in tennis [7, 
10, 11]. Chronic injuries in racquet sports have a higher inci-
dence in elite players. They present themselves as fatigue 
fractures of the metatarsal, tarsal, navicular and tibial bone, 
with an incidence of 12.9 % [12]. Also plantar fasciits, tendi-
nopathies of the Achilles tendon and flexor hallucis tendon 
as well as morton’s neurinoma occur in professional players. 
A rather specific pathology among tennis players is the “ten-
nis leg”, a strain at the musculo-tendinous junction of the 
medial head of the gastrocnemius muscle, first described by 
Golding in 1969 [13]. The classic tennis toe describes a sub-
ungual hematoma mostly of the great toe due to sudden 
 stopping maneuvers and axial force on the great toe.

In badminton and squash acute injuries represent the 
majority of lesions especially concerning the lower extrem-
ity. A very typical injury pattern is the acute ankle sprain 
accompanied with acute ankle instability and rarely osteo-
chondral lesions [7, 10]. As mentioned before we have to 
differentiate acute from chronic lesions. lesions which need 
surgical treatment are most often resulting from chronic 
overuse such as achillodynia or achilles tendinitis [9, 14, 15]. 
The most prevalent acute injuries that require an emergency 
medicine consultation are ankle sprains, achilles tendon rup-
ture and muscle strains. According to Goh et.  achilles ten-
don ruptures were responsible for 13–35 % of badmington 
players who were hospitalized [10, 14]. Fractures in the foot 
and ankle are rarely seen in badminton or squash.

 Etiology and Pathomechanisms

In racquet sports the players inquire repetitive as well as 
abrupt high-energy loads during acceleration and stopping 
maneuvers [4]. Due to the sprint position the plantar pressure 
is often higher in the forefoot and central foot. This overload 

may predispose fatigue fractures and tendiopathies as 
described earlier.

The mean pathomechanism of injury is often a sudden 
change of direction (for example from backward to forward 
sprint) or fast acceleration and deceleration maneuvers 
after overhead clear shots or smashes. This movement leads 
to an enormous eccentric load to the lower extremity and 
puts the ankle joint at risk for strains, sprains or ligament 
rupture [14].

Nonspecific mechanisms seem to be the leading cause of 
accidents to the lower extremity followed by twists and falls. 
Interestingly, more than 80 % of all lesions happen in the sec-
ond half or near the end of a match [9]. This suggests a cor-
relation between muscle fatigue and increasing risk of injury.

A special focus has to be made regarding the playing sur-
face. It has been shwon that slower surfaces like clay the 
players endure longer sliding movements because of the 
lower friction coefficient. This leads to longer contact times 
and a higher incidence of muscle strains and tendinosis (Ref. 
Lynch SA, Renstro  ̈m P. Foot problems in tennis. In: Renstro   
̈m P, eds. Tennis. Oxford, UK: Blackwell, 2002:155–64.). 
Typical examples are strains of the tibialis posterior muscle 
and plantar aponeurosis. 

On the other hand surfaces like hard court provide a 
higher friction coefficient, which increases the speed of the 
game but also enhances the acceleration force and torque 
during change of direction. This may lead to a greater likely-
hood of potential muscle fatigue. The repetivitve stress 
placed on the foot is much higher on hardcourt than on other 
surfaces. It this has been shown that the higher loading forces 
measured on hardcourt may be a risk factor for blocking type 
injuries like ankle strains, achilles tendonitis or metatarsal-
gia. Tendon ruptures of the felxor hallucis longus or the 
achilles tendon are also more likely on fast surfaces because 
of the higher peak forces during acceleration. (Ref Trepman 
E, Mizel MS, Newberg AH. Partial rupture of the flexor hal-
lucis longus tendon in a tennis player: a case report. Foot 
Ankle Int 1995;) Therefore it is not surprising that there are 
less injuries on clay surface than on Hardcourt in profes-
sional players [5]

 Epidemiology

Tennis, Badminton and Squash have similar rates of injury 
compared to other individual recreational sports and junior 
competitive sports, without the catastrophic risk of contact/
collision injuries with other players. In surveys, over 90 % of 
the interviewed recreational tennis players reported to have 
sustained an injury to the lower limb. However, most of those 
accidents were trivial injuries not requiring medical treat-
ment [16]. The risk of injury is positively correlated with 
increasing age as well as with sex. Winge and colleagues 
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found a significant higher injury rate in men than in women 
(2.7 versus 1.1 injuries per 1000 h) [17]. Moreover, profes-
sional and elite players seem to sustain more serious injuries, 
which needed medical treatment [8]. A recent study by Gaw 
et al. documented almost half a million tennis related injuries 
in the United States from 1990–2011. Here 42.2 % of all 
injuries affected the lower extremity with the ankle as the 
most affected site (47.2 %) (Table 69.1) [8]. Chard et al. 
found similar numbers in an older study. They reported that 
45 % of all tennis injuries were involving the lower extremity 
[18]. In squash, injuries to the lower limb were even more 
frequent (58 %). Here the knee and ankle were most affected 
(sprains) with mainly acute injuries (Table 69.1) [18]. The 
incidence of injuries while playing badminton described in 
the literature varies between 1.2 and 5 % [9, 10, 14]. However, 
the lower limb is most likely to be affected in Badminton 
(Table 69.1) [10]. Recreational players and beginners are 
more prone to injuries than professional players. Also, men 
suffer much more injuries than women [9, 14].

 Therapy

Most of the injuries occurring in racquet sports, which 
lead to a visit at the emergency department, can be treated 
conservatively. The P.R.I.C.E principle has been shown 
to be effective during the first 24–72 h. This acronym 
stands for:[19]

 – Protection
 – Rest
 – Ice
 – Compression
 – Elevation

The goal during this time frame is to control the amount 
of swelling, prevent further injury and reduce pain [20]. In 
case of acute ligament lesions or ankle sprains cryotherapy 
was found be significantly more effective to decrease swell-
ing 3–5 days after injury than heat therapy or exercise alone 
[21]. Temporary abstention of sport, a stabilizing orthotic 
device, taping and physiotherapy have shown to reduce the 
incidence and the severity of re-injuries [22, 23].

Regarding the treatment options for acute Achilles tendon 
rupture or fractures of the foot and ankle the same guidelines 
apply to tennis or badminton players as for the general popula-
tion [12, 24]. For a concise decision regarding surgical and 
conservative treatment a thorough and integral analysis of the 
patients demands, sports activity level and personal percep-
tions are necessary to provide the best possible outcome. 

In chronic pain situations like achillodynia or plantar fasci-
itis, eccentric strength and coordination training together with 
nonsteroidal anti-inflammatory drugs (NSAID’s) and ultra-
sound or shockwave therapy have a high success rate [22, 25].

 Rehabilitation and Prevention

Important factors to consider for back to sports rehabilitation 
protocols are court surfaces. As described previously clay 
court surfaces have lower friction coefficient  and less peak 
stress forces and may be better for the rehabilitation program 
after a foot and ankle injury. In addition, structured game spe-
cific on court exercises and progression is recommended dur-
ing return to play protocols. To date, we could not find any 
intervention-studies on tennis injuries. Kibler et al. and 
Herbert and Gabriel looked at stretching protocols and their 
influence on the rate of injury [22, 26]. They showed a signifi-
cant increase in the range of motion but there was no reduc-
tion of injury risk. Also, the current literature lacks on 
evidence on the effect of warm up and stretching habits 
regarding the incidence of Achilles tendon rupture [27]. 
However, it would be worthwhile to investigate the effects of 
specific prevention programs on the occurrence of injuries in 
racquet sports.

Predisposing factors for injuries to the foot and ankle in 
racquet sports are sex, age, weight, equipment and training 
intensity. Despite the remarkable increase of 46 % in active 
tennis participants over the last decade, the number of tennis 
related injuries presenting to US emergency departments 
decreased by more than 40 %. Moreover the study by Gaw 
et al. found a significant decrease in sprains and strains to the 
ankle [8]. This decrease might be due to better prevention 
strategies, proper game instructions and play settings. 
Regarding the equipment the players should watch for appro-
priate shoes with elevated heel and adequate cushioning 

Table 69.1 Distribution of Racquet sport injuries to the lower limb, adapted from [8, 14, 18]

Tennis (%) Badminton (%) Squash (%)

Injuries to the lower limb 42.2 82.9 68.0

Upper leg 2.3 2.8 5.0

Knee 19.5 11.5 24.0

Lower leg 15.8 14.3 5.0

Ankle 47.2 44.2 26.0

Foot 13.7 10.1 8.0
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effect. To countervail serious injuries like achilles tendon rup-
tures, as one of the most prevalent injuries in badminton, spe-
cific endurance, strength and coordination training with 
eccentric training of the triceps surae muscle are crucial [9, 
14]. These neuromuscular training sessions (balance, coordi-
nation, stretching and agility) were analysed in a recent meta-
analysis and suggested that such training protocols could be 
effective in preventing foot and ankle injuries [25]. Recently 
FIFA presented that preseason and intraseason programs may 
reduce injury in up to 21 % of cases (FIFA eleven). This pro-
gram consists of ten exercises and a commitment to fair play 
and sportsmanship [28]. Although this program is specified 
for soccer players it also might be a suitable recommendation 
for racquet sports player.

 Summary

Injuries to the foot and ankle in racquets sports are frequent 
and vary based on training intensities, age of the player, level 
of competition. Overuse injuries tend to occur more in elite 
player whereas acute injuries are more frequent in recre-
ational players. Also Squash and Badminton have more 
acute injuries and less overuse injuries than Tennis.

Return to play recommendation should be based on the 
ability level and the personal expectation of the player. 
Rehabilitation protocols should include core stabilization, 
neuromuscular and proprioceptive training, kinetic chain 
integration and functional strengthening. Most injuries allow 
a successful return to play with conservative treatments.
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Volleyball

Oliver Miltner and Markus Wurm

Abstract

Volleyball shows a relative small number on injuries compared to other team-impact sports 
like ice hockey, handball or soccer. Most frequent affected sites are spine as well as the 
shoulder, knee and ankle joint. Acute trauma concerning the ankle joint as well as the foot 
is spraining with ligament-elongation or even tear. Furthermore rupture of the Achilles 
tendon and injuries to the metatarsophalangeal joint as well as damage due to overuse are 
commonly seen injuries.

Most of these injuries occur due to sprains during the jump or landing phase, typically 
due to a landing on a teammates foot.

Concise inspection, palpation and a careful functional examination should, after consid-
eration of assessment parameters (i.e. limited range of motion, pain, instability, load capac-
ity and athletes self assessment), ultimately lead to decision of return to play.

After acute ankle sprain an external stabilization should be established to prevent conse-
quential damage as well as downtime for the athlete.

Keywords

Volleyball • Jumping sports • External stabilisation • Ligament injury • Turf toe • 
Tendinopathy

 Injuries

 Acute Injuries

 1. Ligament injuries of the ankle joint
 2. Achilles tendon rupture
 3. 1st MTP joint injury (turf toe)

 Stress-Injuries

 1. Stress fractures of the foot
 2. Achilles tendinopathy
 3. Peroneal tendinopathy

 Etiology and Pathomechanism

Volleyball shows a relative low count on injuries compared 
to other team-impact sports like ice hockey, handball or soc-
cer. The most frequent affected sites are spine as well as 
shoulder, knee and ankle joint. Acute trauma concerning the 
ankle joint as well as the foot is spraining with ligament- 
elongation or even rupture. Furthermore rupture of achilles 
tendon and injuries to the metatarsophalangeal joint (turf 
toe) as well as damage due to overuse (stress fractures of the 
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foot, achilles tendinopathy or peroneal tendinopathy) are 
common seen complaints.

Pro- and Supination trauma of the ankle joint are a com-
mon source for ligament tears concerning the medial and 
lateral side respectively.

Most of these sprains occur during the jump or landing 
phase, stereotypically because of landing on a teammates 
foot after spiking or blocking.

Recurring eccentric tensile loading can lead to chronic 
irritation (micro tears of tendon) and achilles tendinopathy. 
Besides this, deviation of leg axis and shortening of ischio-
crural muscles/triceps surae muscle accompanied by repeti-
tive jumping activity can ultimately end in Achilles tendon 
rupture due to an acute on chronic mechanism.

Due to altered course deformities, i.e. pes cavovarus, as 
well as ankle instability can lead to peroneal tendinopathy. 
Subluxation can ultimately lead to a tear of peroneal tendons 
due to recurrent damage.

Chronic traumatic hyperextension of the big toe while 
jumping and landing can lead to a so-called turf toe injury. It 
is characterized by a progression from a chronic capsulitis, 
synovialitis to an eventually tear of the short flexor tendon of 
the great toe. Arthritis of the 1st MTP (Hallux rigidus) is 
another irritating manifestation of repetitive trauma in this 
region.

Muscular fatigue due to repetitive jumping can to eventu-
ally lead to stress fractures of the foot and the tibia.

 Epidemiology

Most injuries are seen related to spine, shoulder, knee, finger 
besides the foot and ankle joint whereby the ankle sprain is 
to be considered the most frequent acute injury [1–7]. Pastor 
et al. found an overall injury incidence of 4.38/1000 played 
hours volleyball (3.3 acute injuries, 1.08 overuse injuries), 
which was somewhat higher than compared to former 
observed results [2]. They furthermore distinguished injury 
incidence levels between acute (1.94) and overuse injuries 
(0.64) per player. Outside attackers were most often affected 
position with 42.47 %. Downtime for players was 14.74 days 
in acute and 2.17 days in overuse injury. Ankle joint was the 
third most often affected region with 11.29 %. 6/13 major 
injuries where with regards to the ankle whereas “major” 
was stated being 4 or more weeks of downtime [6].

Agel et al. showed the ankle joint to be harmed in 44 % 
while competition and 29.4 % in training phase over a 
16-year lasting observation period in female first league col-
lege volleyball players [1].

Slightly inverted forefoot position during landing phase 
or impact of another player are only two of manifold reasons 
for ankle distorsions, which can lead to ligamentous strain of 
the foot and ankle.

Overuse injuries (especially shoulder and knee) and 
acute injuries seem to occur with equal incidence levels. 
Aagaard et al. also reported on almost equal distributed 
injury pattern between indoor and beach volleyball yet they 
found a longer caused disability after lower extremity 
trauma [2].

 Therapy (On Field, Conservative, Surgical)

 Acute Injuries

Functional testing followed by a concise diagnosis and adja-
cent therapy are the prerequisites for a proper management 
of injuries to keep downtime for the athlete as short as pos-
sible. It is crucial to perform a proper inspection and palpa-
tion, which should be shadowed by a talk/conversation with 
the athlete to find out if a return to the field is worthwhile and 
moreover possible. First on field actions should i.e. in a ankle 
sprain be conform to the RICE – scheme which is assembled 
by rest, ice, compression and elevation [8]. Different addi-
tional variations of this principle i.e. “HI-RICE” (Hydration, 
Ibuprofen) are known today. Ice water- soaked sponges com-
bined with compression (i.e. taping) showed to be effective 
tools. Adapted to severity of injury early immobilization in 
lower extremity injuries is important and should reduce 
swelling and pain levels [9]. Conservative as well as opera-
tive treatment of acute injuries of the foot (i.e. turf toe) and 
ankle (i.e. instability) should be according to individual stage 
[10, 11].

 Overuse Injuries

Achilles tendinopathy is primarily treated in a conservative 
fashion. Reduction of jumping, eccentric training of calf 
musculature and volleyball-specific landing patterns should 
be implemented during convalescence and in subsequent 
training program.

To address peroneal tendinopathy a reduction of jump-
ing frequency and a forced technique training should be 
accompanied by a strengthening of pronator muscle and 
proprioceptive exercise. Passive physiotherapeutic 
actions should be performed besides these active 
approaches.

O. Miltner and M. Wurm



555

In stress fractures (high vs. low risk fracture) a specific 
treatment algorithm referring to the characteristic and mani-
festation location of the fracture is crucial [12].

 Rehabilitation and Return to Sports

Main goal of the convalescence and rehabilitation process 
after foot and ankle sprains is the prevention of consequen-
tial damage, recurrence of sprains and the recovery to full 
performance levels. Balance board training (eyes opened/
shut) is a useful tool and training program incorporating inter 
alia proprioception for stabilization of the ankle joint [2]. A 
fully restored former injured region and volleyball-specific 
resilience is the cornerstone of a return to sports at full per-
formance levels [6].

 Prevention

Literature shows a need of high athletic, tactical as well as 
technical requirements besides a very well established physi-
cal fitness level to prevent volleyball specific injuries [13]. In 
addition preventive procedures are needed to reduce fre-
quency and severity of injuries [14]. Assessment of extrinsic 
(so-called environmental-related) and intrinsic (person- 
related) risk factors is crucial for proper injury prevention. 
Conducted level of sports (volleyball is to be considered risk 
category nine according to Ankle Activity Score by Halasi) 
exercise load, player’s position are just some external risk 
factors [15–17]. Middle blocker i.e. have a higher incidence 
on foot and ankle injuries compared to their teammates [7].

Amongst others reduced proprioception as well as sense 
of balance besides previous injuries are some important 
internal risk factors which can lead to foot and ankle harm. 
After preceding ankle sprain external stabilization (i.e. tap-
ing or braces) is recommended to avoid further downtime for 

the player and to decrease consequential damage [9]. 
Volleyball-specific coordination and jump exercises should 
be incorporated in daily training habits to help minimize the 
count of overuse injuries. Pastor et al. observed a significant 
decrease on injury levels for players within their first on to 
second season (p < 0004). They traced this observation back 
to a constant and volleyball specific prevention program to 
which all athletes were included [5, 6, 13].

 Evidence

Table 70.1.

 Summary

• Volleyball, in comparison to other team (impact) sports 
like ice hockey, soccer or handball shows a relatively low 
count on injuries.

• Most occuring injuries in volleyball sports concern spine, 
shoulder, knee and ankle joint as well as fingers.

• Commonly ankle sprains during play or training are seen 
in vicinity to the net. Timing while jumping and landing 
phase and the stereotypical landing on a teammates foot is 
a usual pathomechanism.

• After concise and comprehensive inspection, palpation 
and careful functional testing the path of treatment should 
be followed regarding particular assessment parameter. 
Limited Range of motion, pain, instability, load capability 
and last but not least the self-estimaton of the athlete are 
the ones that should be concerned before decision making 
of return to field.

• After ankle sprains external stabilization should be 
applied to reduce or even avoid down time for the athlete 
and. This can be achieved using various taping or bracing 
methods.

Table 70.1 Evidence of injuries in volleyball

Author(s) Journal, year Target audience Level of evidence

Agel et al. J Athl Train, 2007 Women USA College II

Augustsson et al. Scand J Med Sci Sports, 2006 Both sex, Professional
Sweden

II

Bahr & Bahr Scand J Med Sci Sports, 1997 Professional Men
Norway

II

Miltner et al. SportOrtho Trauma, 2012 Professional Men
Germany

II

Verhagen et al. Br J Sports Med, 2004 Semi- Professional
Men, Netherlands

II
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Water Sports

Mario Herrera-Perez and Anna Oller-Boix

Abstract

Several water sports have been connected to foot and ankle injuries. Most of these injuries 
are sprains, strains, contusions and skin lesions, with just a few of them being fractures. 
Ankle sprains are the most common injuries during water skiing followed by talus fractures, 
calcaneal tendon ruptures and ankle fractures. However, regarding the rest of the water 
sports reviewed in this chapter (rafting, canoeing, kayaking, sailing, rowing, snorkeling and 
diving), foot and ankle are not the most common areas involved in injuries during these 
activities. Otherwise, data reported in literature about dermatoses in aquatic sports (sailing, 
rowing, snorkeling and diving) is related to wet suits. In conclusion, there is little literature 
regarding foot and ankle injuries in water sports. Therefore, studies are needed to complete 
information and to get a higher level of evidence to lead sports practitioners to recognize, 
treat and prevent these injuries.
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Several water sports have been related to foot and ankle inju-
ries but little literature has been written about it. The aim of 
this chapter is to expose an updated review of that topic 
focused on water skiing, rafting, canoeing and kayaking, 
sailing, rowing, snorkeling and diving.

 Water Skiing

Ankle injuries are widespread in water skiing despite 
advances in boot technology [1, 2]. The following are the 
four most common injuries:

 Ankle Sprains

They are the leading type of injury while water skiing. These 
typically occur with plantarflexion and inversion of the 
ankle. Syndesmotic sprains, however, imply an injury to the 
anterior tibiofibular ligament and the mechanism is typically 
a dorsiflexion with an external rotation. Sometimes, recur-
rent sprains can lead to chronic instability and joint damage 
[1]. Ankle sprains often require a period of 1–8 weeks of 
non-weight bearing (depending on the grade) and sometimes 
even a cast followed by a period of physiotherapy with a 
gradual return to sports. In theses cases, surgery is rarely 
necessary [2].

 Lateral Process of the Talus Fractures 
(Snowboarder’s Fracture)

This fracture is often confused with an ankle sprain and the 
mechanism of injury is a forced eversion with a loaded hind-
foot. A plain x-ray may diagnose the fracture but a CT scan 
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is often necessary for a complete definition of the injury [1]. 
Because this is an intraarticular fracture, it frequently 
requires anatomic reduction and stable fixation. If this is not 
possible, resection of the fragment should be considered. 
After surgery, early range of motion of the ankle and subtalar 
joint is advised. Weight bearing should be restricted for 6 
weeks and once the fracture is healed, progressive weight 
bearing and gait rehabilitation is started.

 Calcaneal Tendon Ruptures

They can occur during a crash or when skiers violently kick 
off their skis [1]. To repair the injury, surgery is often needed 
to avoid loss of strength [2]. Weight bearing should be 
restricted for the first 6 weeks after surgery with progressive 
weight bearing for 3 months. Rehabilitation is started imme-
diately after surgery. High impact sports such as water skiing 
are allowed 6 months after surgery.

 Ankle Fractures

Ankle fractures are uncommon, but they can occur. The most 
common mechanism is supination and external rotation [1]. 
Most ankle fractures related to water skiing can be treated 
conservatively in a cast, but unstable fractures need anatomic 
reduction and internal fixation. For a conservative treatment, 
weight bearing is forbidden for 4–6 weeks. In the case of 
surgery, early active exercises and light partial weight bear-
ing followed by progressive weight bearing is recommended 
as tolerated.

 Rafting

The risk associated with whitewater rafting varies with the 
level of whitewater, weather, the health of the passenger and 
the experience of the guide. Although considered to be an 
extreme activity, rafting has a low morbidity rate. Attarian 
and Siderelis [3] in their examination of injuries in commer-
cial rafting estimated that the majority of incidents were 
musculoskeletal injuries (sprains/strains 21.1 %, dislocations 
13.8 %, fractures 12.2 %), followed by soft tissue injuries 
(lacerations 29 %, abrasions 13.3 %, contusions 2.3 %). 
Anatomically almost one half (44.3 %) of injuries were to the 
head, neck and shoulders, followed by the lower extremities 
(33.9 %). Fractures were most common in feet; however, 
sprains and strains were most common in knees. Dislocations 
occurred most often in shoulders. They also estimated that an 
11 % were ankle injuries and a 2.2 % were foot injuries of the 
total number. Whisman and Hollenhorst [4] noted similar 
results and suggested that injuries were usually the result of 

collisions with other passengers or being struck by a paddle. 
Data also reveled that injuries occurred when passengers 
were thrown into the river where they could hit rocks, float-
ing debris, turbulent water or other hazards. To prevent, rec-
ognize and treat injury, all river guides should receive 
advanced training in wilderness medicine and carry with 
them the appropriate first aid equipment and supplies. 
Passengers should be trained before the rafting experience. 
In addition, it is recommended that the design of the raft be 
modified to prevent overturning and to determine the effec-
tiveness of introducing new or modified safety equipment for 
costumers [3].

 Canoeing and Kayaking

Similar acute injuries, as found with whitewater rafting, 
were reported by canoeists and kayakers and involved 
sprains/strains, fractures and dislocations, followed by lac-
erations, contusions and abrasions. However, in these sports, 
the shoulder and upper extremities were the most common 
sites of injury instead of the head and lower extremities [3].

 Sailing

Sailing can be dangerous to the musculoskeletal system but 
the diversity in sailing makes a comparison of data compli-
cated. The most important risk factors in sailing include a 
lack of general fitness, overuse and traumatic accidents. 
Many actions in sailing require muscles to perform with 
powerful and explosive movements, which can lead to injury. 
Furthermore, awkward postures such as rotation, hyperex-
tension and twisting joints may cause musculoskeletal dam-
age [5]. Regarding traumatic injuries in small boats, Allen 
and DeJong [6] reported that most injuries affect the shoul-
der (16 %) and lumbar spine (16 %), followed by the lower 
limbs (10 %), the cervical spine (8 %) and hands (7 %). The 
most common injuries are burns (15.7 %), followed by frac-
tures (11 %), lacerations (11 %), strains, sprains and contu-
sions (9 %) from contact with boat hardware and head 
injuries (6.7 %). On the contrary, in boardsailing the most 
common injured areas are the lower extremities (44.6 %), 
followed by the upper extremities (18.5 %), head and neck 
(17.8 %) and trunk (16 %). The most common types of inju-
ries are sprains (26.3 %), lacerations (21.2 %), contusions 
(16.2 %) and fractures (14.2 %) [5]. No overuse foot and 
ankle injuries have been found in literature. To prevent inju-
ries appropriate fitness training and proper care of previous 
injuries is the best method for all types of sailing because this 
sport requires aerobic endurance and muscular strength and 
flexibility. Furthermore, using very tight toe straps and 
pointed toes puts less strain on the ankle and foot. More 
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research is needed to develop the design of racing yachts, 
boats and hardware in order to better prevent injuries [5]. 
There is no literature regarding programs for returning to 
sailing after injury, however this should be done gradually.

 Rowing, Snorkeling and Diving

Although there is a higher risk of injury at an older age when 
participating in these water sports, there is a lack of evidence 
and more research is needed. However, data on the likeli-
hood of injuries due to a lack of consistent training seems to 
be sufficient to warrant a general correlation between these 
water sports and injury [7].

No more literature has been found about these three water 
sports and foot and ankle injuries. However, data on contact 
dermatitis has been found in literature. Regarding this topic, 
one of the most frequent causes of dermatitis is the wet suit. 
In most cases, the diver reacts to some chemical used in the 
production of the rubber or neoprene material of the suit. 
Less commonly, other items such as footgear, gloves, snor-
kels and mouthpieces cause contact dermatitis in divers [8]. 
Preventive methods include cleaning diving suits with 0.45 % 
lactic acid after each use and showering immediately after 
diving [9]. Some other aquatic sports dermatoses are reported 
as rowing blisters, “pulling boat hands” and “the sailor’s 
marks” associated with friction in hands [9].

 Evidence

Level of evidence: IV, case series. Grade of recommenda-
tion: C

 Summary

Several water sports have been related to foot and ankle 
injuries.

Most of these injuries are sprains, strains, contusions and 
skin injuries and just a few of them are fractures.

Foot and ankle are not the most common areas involved in 
injuries during water sports except for water skiing.

Data about aquatic sports dermatoses is reported in 
literature.

There is little literature regarding foot and ankle injuries 
in water sports so more studies are needed to complete infor-
mation and to get a higher level of evidence.
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tendon ruptures, 558
wedge osteotomy, 216

Calcaneocuboid joint, 283, 284
Calcaneofibular ligament (CFL), 6

football injuries, 459–460
golf injuries, 469
handball injuries, 481
rugby injuries, 514
soccer injuries, 459–460
soft tissue injury, 524
subtalar instabiliy, 282

Calcaneonavicular coalition, 342, 343, 344
Callosities, 366
CAM. See Controlled ankle motion (CAM)
Canoeing, 558
Canyoning, 488
Cartilage repair

allograft technique, 120, 122
injections, 120
osteochondral autograft transplantations, 120, 122
OTLs, 120
pain and global functioning scores, 120

Cerebral palsy (CP), children
diplegia, 115
evidence, 116
hemiplegia, 115
physical activity, 116
progressive defect/damage, 115
quadriplegia, 115
sport, therapy program, 115
therapy types
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aquatic therapy, 116
hippotherapy, 115, 116
physical and occupational therapy, 115
strength and fitness training, 115

CFL. See Calcaneo fibular ligament (CFL)
Cheilectomy, 351, 353
Chevron/short Scarf-osteotomy, 350, 351
Children

with CP (see (Cerebral palsy (CP), children))
growth and maturation, 97
overuse injuries, 97
physical exercise, 97

Chondral lesions, ankle
augmented bone marrow stimulation, 159
back-to-sports, 159
bone marrow stimulation, 159
classification, 158
conservative treatment, 158–159
diagnostics, 158
etiology, 157–158
evidence, 159
fixation, 159
pathomechanism, 157–158
preventive measures, 159
reconstruction technique, 159
rehabilitation protocol, 159
surgery, 158–159
symptoms, 158

Chopart instabiliy
back-to-sports, 284
classification, 284
conservative treatment, 284
diagnosis, 284
etiology, 283
evidence, 285
pathomechanism, 283
prevention, 284–285
rehabilitation, 284
surgery, 284
symptoms, 283–284

Chopart joint degenerative joint disease
anatomy, 333
back-to-sports, 335
classification, 333
diagnostics, 333
etiology and pathomechanism, 333, 334
nonoperative treatment, 333
operative treatment

approach, 334–335
arthrodesis position, 335
double arthrodesis, 334
fixation, 335
talonavicular joint arthrodesis, 334
triple arthrodesis, 334

prevention, 335
rehabilitation, 335
symptoms, 333

Chopart joint dislocation fractures
back-to-sports, 152
conservative treatment, 151
evidence, 152
preventive training programs, 152
proprioceptive training, 152
rehabilitation, 152
surgery, 151–152
Zwipps classification, 151

Chronic ankle instability (CAI), 143, 309, 510
anatomical reconstruction, 260
ankle arthroscopy, 260
ankle ligaments, 259
anterior pain, 299
back to sports, 261–262
classification and graduation, 258–259
conservative treatment and surgery, 259–260
diagnostics, 258–259
etiology, 258
evidence, 262
lateral, 481–482
midtarsal, 284
operative treatment, 260–261
osteochondral lesion, 259
pathomechanism, 258
rehabilitation, 261–262

Chronic exertional compartment syndrome (CECS)
anterolateral fascial hernias, 173
diabetic patients, 171
diagnostic criteria, 174
elective fasciotomy, 178
intramuscular pressure, abnormal variations, 173
lower capillary density, 173
microtrauma, endurance activities, 171
non-operative management, 174–175
symptoms, 173

Chronic overuse injuries
elderly athletes

osteoarthritis, 107
stress fractures, 107

in leg
CECS, 181
MTSS (see (Shin splints syndrome))
“Spike Soreness” in runners, 181
tibial stress fracture, 181

Compartment syndrome
acute, 171
anatomy, 172
anterior and lateral compartment fasciotomy

dual-incision lateral approach, 175
single-incision lateral approach, 175

back-to-sports, 177–178
chronic (see (Chronic exertional compartment syndrome (CECS)))
classification, 173–174
clinical diagnosis, 171, 173
complications, 177
diagnostics, 173–174
differential diagnosis, 174
dual-incision technique, 175
endoscopically-assisted compartment release, 176
evidence, 178
incidence, 171
non-operative management, 174–175
pathomechanism, 172–173
perifibular approach, four-compartment fasciotomy, 175–176
positioning, 175
posteromedial incision, fasciotomy, 176
post-operative care, 177
preoperative planning, 175
prevention, 178
rehabilitation protocol, 177–178
single incision medial approach, 175, 177
surgical treatment, 175
symptoms, 173
three incision approach, foot, 176–177
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Controlled ankle motion (CAM), 358, 363, 432, 470
Crescentic osteotomy, 351
Cross-country skiing, 531–532
Cycling injuries

Achilles tendon, 443–444
acute foot, 441
ankle, 442–443
back-to-sports, 444
contusions and skin, 441
evidence, 444
ingrowing nail, 444
metatarsalgia, 443
overuse injuries, 441, 442, 443
plantar neuropathy, 443
prevention, 444
rehabilitation, 444
skin lesions, 442

D
Daily adjustable progressive resistant exercises (DAPRE) program, 

135
Deep peroneal nerve, 386–387
Disability sports

definition, 111
paralympic games, 112
prevention, 112

Distal tibial transitional fractures
Salter-Harris III fractures, 99, 100
tillaux fractures, 99, 100
triplane fracture

triplane I, 99
triplane II, 99, 100

two planes fracture, 99
Distal tibiofibular syndesmosis, 266
Dorsal capsulotomy, 368
Dorsal intermediate approach

deep dissection, 17, 18
hazards, 17
incision, 17
indications, 16
position, 17
superficial dissection, 17

Dorsal intermetatarsal space
common digital artery, 21, 22
deep dissection, 21, 23
extensor digitorum longus tendon, 21, 22
hazards, 20
incision, 21, 22
indications, 20
position, 20, 22
superficial dissection, 21, 22
transverse metatarsal ligament, 21, 23

Dorsolateral approach
deep dissection, 18, 19
hazard, 18
incision, 18
indications, 17–18
position, 18
superficial dissection, 18

Dorsomedial approach
anterior tibial tendon, 15, 16
deep dissection, 15, 16, 17
extensor hallux longus tendon, 15, 17
hazards, 14
incision, 14, 16

indications, 13
position, 13
superficial dissection, 15, 16
tarsal-metatarsal joint, 15, 17

Double crush syndrome, 379
Drop foot syndrome, 67, 240
Dynamometry, 67

E
Elderly athletes. See Senior sports
Enthesiopathies, 188
Equestrian sports

back-to-sports, 456
disciplines, 453, 454
epidemiology, 455
etiology, 454, 455
evidence, 456–457
incidence, 453
overuse injuries, 453–454
pathomechanism, 454, 455
prevention, 456, 457
rehabilitation, 456
therapy, 456

Exostosis
apophysites, 212
Haglund’s deformity (see (Haglund’s deformity))
osteochondrosis, 209–212

Extraarticular hallux surgery, 350
Extracorporeal shock wave therapy (ESWT), 185, 204, 470

F
Fascio-cutaneous flaps, 403
FHL tendon disorders, athletes

anatomy, 243–244
biomechanics, 244
function, 244
history and physical examination, 244
imaging, 244–245
nonoperative management, 245
operative management, 245
pathology types, 244
prevention, 246
rehabilitation, 245–246

Fibular stress fracture, 167
Fifth metatarsal base fractures

avulsions fracture, 152, 153
back-to-sports, 153
Dameron-Quill classifications, 152–153
Jones fracture, 153
rehabilitation, 153
Torg Classification, 153

First metatarsophalangeal joint approach
deep dissection, 19, 20–21
extensor hallux longus tendon, 19, 20
FHL tendon, 19, 21
harzards, 19
indications, 18–19
position, 19
ROM, 41
superficial dissection, 19, 20

Flatfoot
in sport, 220
surgery, 224

Flexor hallucis longus (FHL) tendon
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injury athlete, 245
injury ballet dancers, 244
management athlete, 245
prevention athlete, 246
rehabilitation athlete, 245–246
tendinitis athlete, 244
tenosynovitis athlete, 244, 245

Floorball injuries
ankle sprains, 466
etiology, 466
evidence, 467
overuse injuries, 466
pathomechanism, 466
prevention, 465, 467
rehabilitation, 467
return-to-sports, 467
therapy, 466
traumatic ankle injures, 466

Foot and ankle ability measurement scores, 314, 315
Foot compartment syndrome (FCS), 172, 173,  

177, 178
Foot Function Index scores, 314
Forefoot injuries

aerobics and fitness sports
back-to-sports, 411
epidemiology, 409–410
etiology, 408
evidence, 412
pathomechanism, 408
prevention, 411
rehabilitation, 411
therapy, 410

classification, 153
conservative treatment, 153
metatarsal stress fracture

back-to-sports, 373
conservative treatment, 373
diagnostics, 373
etiology, 373
pathomechanism, 373
prevention, 373–374
rehabilitation, 373
surgery, 373
symptoms, 373

sesamoid disorders, 374
surgery, 153
traumatic hallux valgus

back to sports, 372
classification, 371
diagnostics, 371
etiology, 371
evidence, 372
pathomechanism, 371
prevention, 372
rehabilitation, 372
symptoms, 371
therapy, 372

turf toe
back-to-sports, 373
classification, 372
conservative treatment, 372–373
diagnostics, 372
etiology, 372
evidence, 373
pathomechanism, 372
prevention, 373
rehabilitation, 373

surgery treatment, 372–373
symptoms, 372

Form follows function, 397
Freiberg disease

back-to-sport, 369
back-to-sports, 211
classification, 210, 367
diagnostics, 210, 366
etiology, 210, 365, 366
evidence, 211, 370
non-operative management, 210–211
pathomechanism, 210, 365, 366
prevalence, 210
preventative measures, 211
rehabilitation, 211, 369
symptoms, 210, 366
therapy, 210–211, 369–370

G
Gait analysis, 64–65
Gait cycle, 26–27
Geriatrics. See also Senior sports

musculoskeletal injury
articular cartilage, 106
bone structure, 106
osteoporosis, 106
skeletal muscle, 105–106
sports related, 106–108
tendons and ligaments, 106

physical performance, 106
Golf injuries

back-to-sports, 470
epidemiology, 470
etiology, 469–470
evidence, 471
lateral ankle sprains, 469
musculoskeletal injury, 469
pathomechanism, 469–470
plantar fasciitis, 469
prevention, 470–471
rehabilitation, 470
therapy, 470

Gross motor function classification system (GMFCS), 115, 116

H
Haglund’s deformity, 188

arthroscopic calcaneoplasty, 215, 216
back-to-sports, 216
calcaneal osteotomy, 216
calcaneoplasty, 215
classification

calcaneal pitch angle, 213, 214
Chaveaux-Liet angle, 213, 214
retrocalcaneal bursitis, 213, 214

conservative treatment, 214
definition, 212
diagnostics, 213
etiology, 213
operative treatment, 214
pathomechanism, 213
postoperative protocol, 215
prevention, 216–217
rehabilitation, 216
symptoms, 213

Hallucal sesamoids, 211–212
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Hallux rigidus
back-to-sports, 353
classification, 349
conservative treatment, 351
diagnostics, 349
etiology, 347, 348
evidence, 354
minimally invasive surgery, 353
pathomechanism, 347, 348
prevention, 353–354
rehabilitation, 353
sports, 348
surgical treatment

arthrodesis, 352, 353
arthroscopic surgery, 351
cheilectomy, 351, 353
Keller-Brandes procedure, 352
OCD, 351
periarticular osteotomies, 351
silicone hemiarthroplasty (Swanson), 352

symptoms, 349
Hallux valgus

back-to-sports, 353
ballet dance injuries, 449
classification, 349
conservative treatment, 350
diagnostics, 349
etiology, 347–348
evidence, 354
minimally invasive surgery, 353
pathomechanism, 347–348
prevention, 353–354
rehabilitation, 353
rock climbing, 437
sports, 348
stiffness, 350
surgical treatment, 350

Chevron/short Scarf-osteotomy, 350, 351
extraarticular hallux surgery, 350
lapidus-arthrodesis, 351
long/classical scarf-osteotomy, 350
proximal metatarsal osteotomies, 351, 352

symptoms, 349
Handball injuries

ankle sprains, 479
back-to-sports, 481
epidemiology, 480
etiology, 479–480
pathomechanism, 479–480
prevention, 481–482
rehabilitation, 481
therapy, 480

Heel injuries, 528
aerobics and fitness sports

epidemiology, 409–410
etiology, 408
evidence, 412
pathomechanism, 408
prevention, 411
rehabilitation and back-to-sports, 411
therapy, 410

in athletes (see (Plantar fasciitis (PF)))
Hiking

acute pathologies
ankle sprain, 486
blisters, 485–486

chronic pathologies
achillodynia, 487–488
plantar fasciitis, 487–488

epidemiology, 485
etiology, 485
level of evidence, 488
paraesthesia, 488
pathomechanisms, 485
prevention, 488
rehabilitation, 488
return to sports, 488
risk factors, 485

Hindfoot fractures
calcaneal fractures, 150–151
Chopart/Lisfranc joints, 151–153
talar factures, 151

Hippotherapy, 115, 116
Human gait, 26–28
Hyperbaric oxygen therapy, 487
Hypothermia, 485, 488

I
Ice hockey injuries

ankle sprains/syndesmosis, 491–492
back-to-sports, 494
bruises/fractures, 492–493
epidemiology, 493
etiology, 493
evidence, 494
pathomechanism, 493
prevention, 494
rehabilitation, 494
skin, 493
tendons, 493
therapy, 493–494
vessels and nerves, 493

Impingement syndromes
anterior ankle

back to sports, 303
characterization, 299
epidemiology, 303
etiology, 299–301
evidence, 304, 305
nonoperative treatment, 303
operative treatment, 303
pathophysiology, 299–301
rehabilitation, 303

open surgery, 303
posterior ankle

aspects of, 301–302
back to sports, 303
epidemiology, 303
etiology, 301
evidence, 304, 305
nonoperative treatment, 303
operative treatment, 303–304
pathophysiology, 301
rehabilitation, 303

Incidence of craniocerebral injuries (CCI), 527
Injured athlete

epidemiology, 82
initial evaluation, 38
legal obligations, 85
medical coverage

functional examination, 83, 84
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initial assessment, 83
inspection, 83
Ottawa foot and ankle rules criteria, 83, 84
palpation, 83

patterns, young, 97–98
primary treatment

bone fractures, 85–86
dislocated ankle joint, 85

Injury severity score (ISS), 508, 529
Injury Surveillance System, 363
In-line skating injuries

back to sports, 498
etiology, 498
level of evidence, 499
pathomechanism, 498
prevention, 499
rehabilitation, 498
therapy, 498

Insertional Achilles tendinopathy, 192
Interosseous ligament (IOL), 515
Interosseous talocalcaneal ligament (ITCL) tears, 78, 279, 282
Iselin’s disease, 212

J
Jones fractures

American football, 414
avulsions fracture, 153
basketball-related injuries, 430–431
forefoot adduction, 152

K
Kayaking, 558
Kinematic motion analysis, 26

analysis parameters, 66–67
3D motion analysis, 66
image-based recording, 65

Kinetic motion analysis, 26
analysis parameters, 68–70
dynamometry, 67
electromyography, 71
force-time-curves, 67, 68, 70
pedography, 67– 68
treadmill analysis widespread, 68, 69

Kitesurfing
back-to-sports, 538
epidemiology, 536
etiology, 535–536
evidence, 538
pathomechanism, 535–536
prevention, 538
rehabilitation, 538
therapy, 537

Kohler’s disease, 211

L
Lapidus arthrodesis, 350, 351
Lateral ankle sprain (LAS), 309
Lateral calcaneal lengthening osteotomy (LCLO), 225
Lateral ligamentous injuries, rugby, 514–515
Lateral process of the talus (LPT), 544, 545
Lateral squeeze test, 384
Lesser toe deformities, 408–411
Lisfranc degenerative joint disease

anatomy, 335
back-to-sports, 339
classification, 337–338
diagnostics, 337
etiology and pathomechanism, 335–337
nonoperative treatment, 338
operative treatment

approach, 338
arthrodesis position, 338
lateral column arthrodesis, 339
least invasive option, 338
medial and middle column arthrodesis, 338–339
pre-operative, 338

prevention, 339
rehabilitation, 339
symptoms, 337

Lisfranc instability
American football, 414, 416, 417
back-to-sports, 286, 288
classification, 286, 287
conservative treatment, 286
diagnosis, 285–286
etiology, 285
evidence, 288
pathomechanism, 285
prevention, 288
rehabilitation, 286, 288
surgery, 286, 287
symptoms, 285

Lisfranc joints, 17, 32, 56, 151, 222
dislocation

classification, 152
conservative treatment, 152
fifth metatarsal base fractures, 152–153
surgery, 152

sprain, 475
Local plantar instep pedicled flaps, 403
Long/classical scarf-osteotomy, 350
Low-energy plantarflexion injury, 283
Lower leg

and ankle fracture
back-to-sports, 149
classification, 148
conservative treatment, 148
level of evidence, 150
rehabilitation, 149
surgery, 148–149
trimalleolar, luxated fracture, 148, 149

compartment syndrome (see (Compartment syndrome))

M
Malleolar fractures, 307, 546
Martial arts injuries

back-to-sports, 503
epidemiology, 502, 503
etiology, 501–502
injury patterns, 501–502
level V evidence, 503
pathomechanism, 501–502
prevention, 502
rehabilitation, 503
therapy, 503

Matles test, 43, 45
Matrix-induced autologous chondrocyte implantation (MACI), 294
Medial ankle ligament injuries, rugby, 517–518
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Medial approach
deep dissection, 8, 9
hazards, 8
indications, 7–8
position, 8
superficial dissection, 8

Medial tibial stress syndrome (MTSS), 531. See also Shin splints 
syndrome

Metacarpophalangeal (MCP) joint
alpine skiing injuries, 528
Stener’s lesion, 531

Metatarsalgia, 408–411
Metatarsalphalangeal (MTP) joint

back-to-sport, 369
classification, 366–367
diagnostics, 366–367
etiology, 365–366
evidence, 369–370
hallux rigidus, 348, 349, 351–354, 366
hallux valgus, 348–350, 353, 354, 366
hyperdorsiflexion of, 392
hyperplantaflexion of, 285
Morton’s neuroma, 392
pathomechanism, 365–366
prevention, 369
rehabilitation, 369
symptoms, 366
therapy, 367–369
traumatic hallux valgus, 371

Metatarsal (MT) stress fractures, 164–165
forefoot sports injuries

back-to-sports, 373
conservative treatment, 373
diagnostics, 373
etiology, 373
pathomechanism, 373
prevention, 373–374
rehabilitation, 373
surgery, 373
symptoms, 373

physeal fractures, 101
Midfoot approaches

dermatofasciotomy, 17
dorsal intermediate approach, 16–18
dorsal intermetatarsal space, 20–23
dorsolateral approach, 17–18
dorsomedial approach, 13–17
first metatarsophalangeal joint approach, 18–20

Midfoot sprains, 414, 456
Mid-portion Achilles tendinopathy, 191–192
Minimally invasive surgery

dorsal impingement syndromes, 351
hallux rigidus, 353
hallux valgus, 353

Moberg osteotomy, 351
Morton’s neuroma, 47, 107

aetiology, 392
back-to-sports, 394
classification, 392
diagnosis, 392–393
evidence, 394
incidence, 392
location, 391
nerve entrapments

back-to-sports, 385

classification, 384
conservative treatment, 384–385
diagnostics, 384
etiology, 384
pathomechanism, 384
prevention, 385
rehabilitation, 385
surgery, 384–385
symptoms, 384

pathomechanism, 392
prevention, 394
rehabilitation, 394
surgical excision of, 443
symptoms and signs, 392
therapy, 393–394

Motion analysis
kinematics (see (Kinematic motion analysis))
kinetics (see (Kinetic motion analysis))

Motorsports injuries
back-to-sports, 506
epidemiology, 506
etiology, 505–506
foot and ankle fractures, 505
Level of evidence, 508
ligamentous injuries, 505
muscular strains, 505
ORIF, 507, 508
pathomechanism, 505–506
prevention, 506–507
rehabilitation, 506
therapy, 506

Mountaineering
epidemiology, 485
etiology, 485
level of evidence, 488
paraesthesia, 488
pathomechanisms, 485
prevention, 488
rehabilitation, 488
return to sports, 488
risk factors, 485

Mulder’s Sign, 443

N
National Electronic Injury Surveillance System (NEISS),  

427, 497
Navicular stress fractures, 165–166
Negative-pressure wound therapy, 398
Nerve conduction study (NCV), 174, 385, 470
Nerve entrapments

conservative treatment, 383
deep peroneal nerve, 386–387
diagnosis, 383
first branch of the lateral plantar nerve, 387–388
medial plantar nerve, 387
Morton’s neuroma, 384–385
neurogenic symptoms, 383
physical examination, 383
superficial peroneal nerve, 388–389
TTS, 385–386

Non-life threatening injuries, 456
Non-steroidal anti-inflammatory drugs (NSAIDS)

Baxter’s nerve, 388
chopart joint DJD, 333
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golf injuries, 470
OLTs, 433
racquet sports injury, 551
subtalar joint DJD, 331
turf toe, 358

O
On-field management, 81–82
Open reduction and internal fixation (ORIF),  

507, 508, 545
Orienteering injuries

acute ankle instability, 510
chronic ankle instability, 510
epidemiology, 510
etiology, 509
evidence, 511
pathomechanism, 509
prevention, 510
therapy, 510

Orthobiologics
bone

arthrodesis, 119
BMP-2 and BMP-7 clinical trials, 120, 121
bone grafting, 119–120
bulk allografts, 120
recombinant growth factors and proteins, 120

cartilage
allograft technique, 120, 122
injections, 120
osteochondral autograft transplantations, 120, 122
OTLs, 120
pain and global functioning scores, 120

tendon & ligament, 122–124
Orthotics, Chopart instabiliy, 285
Osteoarthritis (OA)

ballet dance injuries, 449–450
etiology, 90, 91
and muscles, 91–93
pathomechanism, 90–91
prevalence, 90
prophylaxis, 89

Osteochondral lesion of the talus (OCLT), 52, 53, 77–78, 99–100, 120, 
432–433

back-to-sports, 295
classification, 292
conservative treatment, 292
diagnosis, 292
etiology, 291–292
evidence, 295, 296
pathomechanism, 291–292
prevention, 295
rehabilitation, 295
surgery

ACI/MACI, 294
allograft transplantation, 294
AMIC, 293–294
AOT, 294
autologous bone grafting, 293
bone marrow stimulation, 293
supplemental procedures, 294–295

symptoms, 292
Osteochondral lesions

ankle
augmented bone marrow stimulation, 159

back-to-sports, 159
bone marrow stimulation, 159
classification, 158
conservative treatment, 158–159
diagnostics, 158
etiology, 157–158
evidence, 159
fixation, 159
pathomechanism, 157–158
preventive measures, 159
rehabilitation protocol, 159
surgery, 158–159
surgical reconstruction technique, 159
symptoms, 158

soccer injuries, 460–461
Osteochondral talar lesions (OTLs). See Osteochondral lesion of the 

talus (OCLT)
Osteochondritis dissecans (OCD), 348, 351, 455
Osteochondrosis

classification system, 210
endochondral ossification, 209
etiology, 210
Freiberg’s infraction, 210–211
hallucal sesamoids, 211–212
Kohler’s disease, 211
pathomechanism, 210

Osteo-cutaneous composite flaps, 402
Osteonecrosis, 151, 210, 211
Osteophytes, 300, 448
Os trigonum syndrome, 523–524
Ottawa foot and ankle rules criteria, 83, 84
Overuse injuries, 37–38, 82, 188, 195, 212

apophysitis, calcaneus, 101
Sever’s disease, 101
stress fractures, 101–102
tarsal coalition, 102

P
Painful bone marrow edema syndrome (PBMES),  

54–55
Painful os peroneum syndrome (POPS)

acute fracture, 233
chronic fracture, 233
conservative treatment

back to sports, 233
evidence, 233
surgery, 233

peroneus longus tendon, 233
Paralympics

classification, 112
limb prosthetics, 113–114
sports types, 112
wheelchairs

basketball, 113
racing, 112–113

Paratendinitis. See Paratenonitis
Paratenonitis

diagnostics, 190
infection, 188
long-distance runners, 188
rheumatoid arthritis, 188
seronegative arthropathies, 188
symptoms, 189
therapy measures, 192–193
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Pediatric sports injuries
ankle sprains, 98
distal tibial transitional fractures

Salter-Harris III fractures, 99, 100
tillaux fractures, 99, 100
two/triplane fracture, 99, 100

grade IV evidence, 102
growth-related problems, 101–102
health-promoting benefit, 97
intrinsic and extrinsic factors, 98
mechanism of trauma, 98–99
metatarsal physeal fractures, 101
OCD, 99–100
overuse injuries, 101–102
patterns, athlete, 97–98
phalangeal fractures, 101
prevention, 102
treatment, 97

Pedicled instep island flap, 403
Pedography, 67– 68, 70
Periarticular osteotomies, 351
Permanent medical impairment injuries, 467
Peroneal subluxation, 236
Peroneal tendinitis and tenosynovitis

etiology, 232
pathomechanism, 232
symptoms and diagnosis, 232

Peroneal tendinopathy, 554
conservative approach, 233
diagnosis, 232
extrinsic factors, 232
open procedure, 233
PRT, 233
symptoms, 232
tendoscopy, 233

Peroneal tendonitis, 43–44, 46
Peroneal tendon tears, 78–79

back to sports, 236
classifications, 234
conservative, 235
etiology, 234
evidence, 236
imaging, 236
open surgical procedure, 235
pathomechanism, 234
provocation tests

apprehension test, 236
compression test, 236
dorsiflexion standing test, 236

symptoms, 236
tendoscopy, 236

Peroneus brevis (PB) tears
diagnosis, 234
etiology, 236
incidence, 234
pathomechanism, 236

Peroneus longus (PL) tears
diagnosis, 235
etiology, 236
pathomechanism, 236
symptoms, 235

Pes planovalgus deformity, 221, 222
Pes planus development, 221
Phalangeal fractures, 101, 455
Physical and occupational therapy, 115
Physical examination

ankle exam

Achilles tendonitis, 43, 45, 46
Achilles tendon rupture, 42–43, 45
Achilles tendon vs. gastrocnemius contracture, 43
ankle instability, 42
anterior ankle impingement, 42, 44, 45
anterior impingement, 48
external rotation test, 42, 44
forced dorsiflexion, 42, 44, 45
Matles test, 43, 45
neutral dorsiflexion, 42, 43
peroneal tendonitis, 43–44, 46
Silverskiold test, 43
squeeze test, 42, 44
Thompson test, 42, 45

foot exam
Morton’s neuroma, 47
posterior tibialis tendon dysfunction, 47
stress fractures, 45–47
tarsal tunnel syndrome, 47
turf toe/plantar plate injury, 47

gait examination, 41
neurovascular exam, 41, 42
palpation, 41
patient’s footwear inspection, 39–41
ROM assessment, 41

Plantar approach, Morton’s neuroma, 393
Plantar fasciitis (PF), 58

aerobics and fitness sports
etiology, 408
evidence, 412
pathomechanism, 408
prevention, 411
rehabilitation and back-to-sports, 411
therapy, 410

back-to-sports, 205
classification, 202
diagnostics, 202–203
etiology, 201–202
evidence, 206
golf injuries, 469, 470, 471
heel pain, 58
hiking, 487
incidence, 201
morning plantar heel pain, 201
overuse injury, 101
pathomechanism, 201–202
prevention, 205–206
PTT dysfunction, 221
rehabilitation, 205
repetitive stress, 58
risk factors, 202
soft tissue injury, 525–526
strength and flexibility deficit athletes, 30
surgical treatment

minimally invasive techniques, 205
open technique, 205

symptoms, 202
therapy

ESWT, 204
foot insoles, 204
plantar heel pain management, 203
PRP injection, 205
treatment recommendation, 203, 204

Plantar heel pain management, 202, 203
Plantar neuropathy, cycling, 443
Platelet-derived growth factor (PDGF), 120
Platelet rich plasma (PRP), 122, 292, 461, 474
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Posterior impingement syndrome, ballet dance, 448
Posterior inferior tibiofibular ligament (PITFL)
Posterior talofibular ligament (PTFL), 428
Posterior tibial tendon insufficiency (PTTI)

aetiology, 221
back-to-sports, 227–228
classification, 222, 223, 224
degenerative changes, 221
diagnostics, 222–223
evidence, 228
incidence, 221
inflammatory process, 221
pathomechanism, 221–222
physiotherapy protocol, 223
plantar calcaneonavicular ligament lesion, 221
prevention, 228
rehabilitation period, 228
spring ligament lesion, 221
structured physical therapy program, 227
surgical treatment

in flatfoot, 224, 225
flatfoot deformity correction, 225, 226
grade II-IV PTTI, 225, 226
spring ligament integrity, 225
syndesmotic insufficiency, 227
synovectomy, 224

symptoms, 222
therapy, 223–224

Posterior tibial tendon (PTT) lesions, 219–221
aetiology, 219–220
chronic insufficiency (see (Posterior tibial tendon insufficiency 

(PTTI)))
diagnostics, 220
direct/indirect trauma, 219
dislocation, 220, 221
incidence, 219
pathomechanism, 219–220
symptoms, 220
therapy, 220–221

Posterolateral approach
deep dissection, 11–12
flexor halux longus muscle, 11, 14
hazards, 11
indications, 10
peroneus brevis tendon, 11, 14
position, 11
posterior talofibular ligament, 12, 14
superficial dissection, 11, 13, 14
superior peroneal retinacle, 11, 14

Posteromedial approach
Achilles tendon and plantaris tendon, 12, 15
deep dissection, 13, 15, 16
flexor hallux longus tendon, 13, 16
Haglund exostosis, 13, 15
hazards, 12
incision, 12
indications, 12
Kager fat pad, 13, 15
prone position, 12
superficial dissection, 12, 15

Post-traumatic subtalar arthritis, 329
Prophylactic ankle support, 135, 143
Proprioceptive exercises, 129, 132, 135, 136, 185
Protection, rest, ice, compression and elevation (PRICE) protocol, 85
Proximal closing wedge osteotomy, 351, 352
Proximal metatarsal osteotomies

closing wedge, 351

crescentic osteotomy, 351
open wedge, 351

Proximal open wedge osteotomy, 351, 352
PTT dysfunction (PTTD). See Posterior tibial tendon insufficiency 

(PTTI)

R
Racquet sports injury

achilles tendon ruptures, 550
acute extremity injuries, 550
chronic injuries, 550
epidemiology, 550–551
etiology, 550
lower extremity injuries, 550
pathomechanisms, 550
prevention, 551–552
rehabilitation, 551–552
serious overuse stress injuries., 550
therapy, 551

Radiofrequency thermoneurolysis therapy (RTT), 393
Rafting, 558
Range of motion (ROM), 348, 349

ankle sprains, 41, 448
anterior ankle impingement, 448
hallux valgus, 449
ice hockey injuries, 492
MTPJ, 41, 368
posterior impingement syndrome, 448
subtalar motion, 41
turf toe, 362

Recombinant human bone morphogenetic proteins (rhBMPs), 120
Regional propeller flaps, 400, 401
Rest, ice, compression and elevation (RICE) principle, 84, 85

ankle syndesmotic injuries, 516
chopart instabiliy, 284
equestrian sports, 456
floorball injuries, 466
foot and ankle fractures, 518
golf injuries, 470
lateral ligamentous injuries, 514
lisfranc injuries, 518
medial ankle ligament injuries, 517
orienteering, 510
soccer injuries, 460
subtalar instabiliy, 281
turf toe, 358

Retrocalcaneal bursitis, 188
Return to sports

agility training stages sports-specific, 135, 141
ankle fracture, 135, 140
duration, 135, 141
exercises, 135, 141–143
functional progression, 135
phase duration, 135
progression criteria, 135, 143

Rock climbing
acute injuries, 438
chronic injuries, 437, 438, 439
epidemiology, 437–438
etiology, 437, 438
evidence, 439
pathomechanism, 437, 438
pressure marks, 437, 438
prevention, 438–439
typical feet injuries, 437
typical overstrain injuries, 437
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Roller skating injuries
back to sports, 498
etiology, 497–498
level of evidence, 499
pathomechanism, 497–498
prevention, 499
rehabilitation, 498

Rugby injuries
achilles tendon, 516–517
ankle syndesmotic, 513, 515–516
chronic achilles tendinopathy, 517
foot and ankle fractures, 518
lateral ligamentous injuries, 514–515
lisfranc injuries, 518
medial ankle ligament injuries, 517–518

Running injuries
bone (see (bony injuries))
soft tissue

Achilles tendinopathy, 525
ankle sprains, 524–525
plantar fasciitis, 525–526

S
Sailing, 558–559
Senior sports. See also Geriatrics

diagnosis and treatment, 108
evidence, 108
foot and ankle problems

Achilles tendon problems, 107
Mortons neuroma, 107
PTTD, 107
stress fracture, 107–108

health care, 105
life expectancy, 105
medical prevention strategies, 108
musculoskeletal changes

acute traumatic injuries, 106–107
chronic overuse injuries, 107

physical performance, 106
structural and functional alterations, 105
training schedule, 108

Sesamoiditis, 408–411
back-to-sports, 523
epidemiology, 522
etiology, 522
hallucal, 211–212
pathomechanism, 522
prevention, 523
rehabilitation, 523
stress fractures, 166–167
therapy, 522

Sever’s disease, 212
Shin splints syndrome

aerobics and fitness sports
epidemiology, 409–410
etiology, 408
evidence, 412
pathomechanism, 408
prevention, 411
rehabilitation and back-to-sports, 411
therapy, 410

back-to-sports, 185
bone scintigraphy, 182, 183

classification, 182
diagnostics, 182
etiology, 181–182
level of evidence, 186
MRI scan, 182, 184
pathomechanism, 181–182
prevention, 185–186
rehabilitation program, 185
surgical treatment, 185
symptoms, 182
treatment modalities

cast immobilization, 185
exercise program, 185
fascial distortion, 185
ice fomentation, 185
orthotics, 185
physiotherapy, 185
rest, 184–185

Silverskiold test, 43
Skin lesions, cycling, 442
Slip-catch-mechanism, 528
Snowboarding injuries, 557–558

back-to-sports, 531
clinical signs, 545
concomitant calcaneus fracture, 546
diagnosis, 545
disciplines, 542
epidemiology, 530–531, 543–545
etiology, 530
foot, fractures of, 530
hard boots and plate bindings, 542
LPT, 545
malleolar fractures, 546
pathomechanism, 530
peroneal tendon injuries, 530
plate bindings, 543, 544
processus lateralis tali, fractures of, 530
rehabilitation, 531
Slip-in bindings, 542
soft strap binding, 543, 544
surgery, 546
therapy, 530
windsurfing straps, 542

Soccer injuries
ankle sprains, 459–460
anterior ankle impingement syndrome, 462
bruises, 460
chondral/osteochondral lesions, 460–461
contusions, 460
epidemiology, 462–463
etiology, 462
evidence, 463
fractures, 460
long-term effects, 459
pathomechanism, 462
prevention, 463
tendon lesions, 461–462
therapy, 463

Soft tissue injury, 454
management

achilles tendon reconstruction, 400, 402
anatomical subunits, 398
ankle reconstruction, 400, 401
back-to-sports, 403
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classification, 397–398
composite ankle, 402
diagnosis, 397–398
dorsum of foot, 402
etiology, 397
evidence level IV, 403
flap, algorythm for, 400, 401
fracture and vessel management, 398
osteo-cutaneous composite flaps, 402
pathomechanism, 397
pressure zones of foot, 399
principles of, 399
reconstruction principle, 398
reconstructive options and evaluation, 399–400
regional propeller flaps, 400, 401
rehabilitation, 403
sole reconstruction, 402–403
surgical debridement, 398
timing of reconstruction, 398
wound conditioning, 398

running injuries
Achilles tendinopathy, 525
ankle sprains, 524–525
plantar fasciitis, 525–526

Split skin graft (SSG), 402
Sport injuries. See also Paralympics

acute, 37
ankle instability, 90
in disabled and handicapped people

ankle, 115
biomechanics, lower extremity, 114
children with CP, 115–116
lower leg, 115
prevalence, 114
rehabilitation period, 114
risk factors, 114

in geriatrics (see (Geriatrics))
high-risk stress fractures, 37
legal obligations, 85
OA

prevention, 93
risk factor, 92
treatment, 93

overuse injuries, 37–38
of pediatric foot (see (Pediatric sports injuries))
prognostic evidence Level II studies, 93

Sports biomechanics, 33
Sports medicine

acute athletic injuries, 35
biomechanical abnormalities, 36–37
epidemiology, 35–36
intrinsic and extrinsic risk factors, 36
natural grass, 36
osseous abnormalities

fracture healing, 52, 54
osteochondral injuries, 52, 53
PBMES, 54–55
sesamoid pathology, 51–52
stress fractures, 50–51

patient care
MR imaging, 50
Spect and Spect CT, 50
ultrasound imaging, 50
weight bearing CT scanners, 49

shoewear types, 37
soft tissue abnormalities

ankle ligament injuries, 55
Lisfranc injuries, 55–57
plantar fasciitis, 58
plantar plate injuries, 57–58
tendon tears, 55
turf toe injuries, 57–58, 59

structural abnormalities, 35
Squeeze test, 42, 44
Strength and fitness training, 115
Stress fractures

aerobics and fitness sports, 407
epidemiology, 409–410
etiology, 408
evidence, 412
pathomechanism, 408
prevention, 411
rehabilitation and back-to-sports, 411
therapy, 410

ballet dancers, 162, 165
bony injuries

back-to-sports, 522
epidemiology, 521
etiology, 521–522
pathomechanism, 521–522
prevention, 522
rehabilitation, 522
therapy, 522

calcaneal stress fractures, 164
classification, 162–163
diagnostics, 162–163
etiology, 161–162
fibular stress fracture, 167
military recruits, 162, 164, 165, 167
MT stress fractures, 164–165
navicular stress fractures, 165–166
pathomechanism, 161–162
prevention, 163–164
rehabilitation

duration, 132, 134
early mobilization, 132
elastic band exercises, 134, 135
excercises, 135, 136–139
gait pattern, 132
orthosis, 135, 140
precautions, 135
progression criteria, 132
structured physical therapy program, 227

runners, 162, 163, 167
sesamoid stress fractures, 166–167
symptoms, 162
treatment, 163

Subtalar instabiliy
back-to-sports, 282
conservative treatment, 281–282
diagnosis, 280–281
etiology, 279–280
evidence, 282
pathomechanism, 279–280
prevention, 282
rehabilitation, 282
surgery, 281
symptoms, 280
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Subtalar joint degenerative joint disease
back-to-sports, 332
classification, 331
diagnostics, 330–331
etiology, 329, 330
nonoperative treatment, 331
operative treatment

arthrodesis position, 332
arthrodesis site preparation, 332
fixation, 332
supplemental adjuncts, 332
surgical approach, 331–332

pathomechanism, 329, 330
postoperative care, 332
prevention, 332
rehabilitation, 332
symptoms, 329–330

Subtalar synovitis, 78
Superficial peroneal nerve, 388–389
Superior peroneal retinaculum (SPR)

back to sports, 237–238
classification, 237
dislocation, 236
evidence, 238
subluxation, 236
therapy, 237

Supination external rotation injuries, 498
Supramalleolar medial closing wedge osteotomy, 227
Supramalleolar osteotomy (SMOT), 295
Surfing

back-to-sports, 538
epidemiology, 536, 537
etiology, 535–536
evidence, 538
pathomechanism, 535–536
prevention, 538
rehabilitation, 538
therapy, 537

Surgical biomechanics
of ankle fusion, 32
ankle ligaments, 33
of ankle osteoarthritis, 31
of chopart joint fusion, 32
chronic ankle instability, 33
of forefoot corrections, 32
of subtalar joint fusion, 32
tendon transfer, 33
of total ankle replacement, 31–32

Swimming injury
aquatic therapy, 116
back-to-sports, 540
epidemiology, 540
etiology, 539
evidence, 540
pathomechanism, 539
prevention, 540
rehabilitation, 540
therapy, 540

Syndesmosis, 417, 491–492, 508, 515, 516, 532
ankle sprains, American football, 417–419
athletic injuries, 266
back-to-sports, 274
classification, 268
conservative treatment, 268–269
diagnostic arthroscopy, 269–270
etiology, 266

evidence, 274
imaging and arthroscopy, 265, 267–268
pathomechanism, 266
physical examination, 266–267
radiographic assessment, 269
reduction technique, 269
rehabilitation, 274
treatment

dynamic suture-button fixation, 272–273
screw fixation and removal, 271, 272, 274
surgical reduction and stabilization, 270

Synovitis, 366, 368

T
Talar factures

conservative treatment, 151
Hawkins classification, 151
hindfoot fractures, 151
surgery, 151

Talocalcaneal coalition, 342, 343, 344
Talonavicular joint arthritis, 333
Tarsal coalitions

back-to-sports, 345
classification, 342–343, 3454
diagnosis, 342–343, 344
etiology, 341
evidence, 345
pathomechanism, 341
prevention, 345
rehabilitation, 345
symptoms, 341–342
therapy, 343–345
TTS, 379

Tarsal tunnel syndrome (TTS), 47
aetiology, 378–379
anatomy, 377–378
back-to-sports, 381
diagnosis, 380
nerve entrapments

back-to-sports, 386
classification, 385
conservative treatment, 386
diagnostics, 385
etiology, 385
pathomechanism, 385
prevention, 386
rehabilitation, 386
surgery, 386
symptoms, 385

presentation, 379–380
rehabilitation, 381
symptoms, 379–380
Tinel’s sign, 377
treatment, 381

Tarsometatarsal (TMT) joint. See Lisfranc degenerative joint disease
Tendinosis, 55, 188, 235
Tendon/ligament regeneration

acellular human dermal tissue matrix, 123–124
amniotic tissue membranes, 124
autografts and allografts, 122–123
PRP, 122
soccer injuries, 461–462

Thompson test, 42, 45
Tinel’s sign, 392
Total ankle replacement (TAR)
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Agility prosthesis, 315
ankle arthrodesis, 315, 316
AOFAS hindfoot score, 313
contraindication, 313
failure rate, 313
Foot and Ankle Ability Measurement scores, 314, 315
Foot and Ankle Outcome Score, 315
Foot Function Index scores, 314
haemophilia patient, 315
ideal candidate for, 313
obese patients, 315
3rd-generation prosthesis designs, 313
sports activities, in patients, 318, 321, 322
survivorship, 313, 318
Valderrabano’s sports frequency score, 313, 314, 315

“Transitional zone” injuries, 333, 335
Transverse tarsal injuries, chopart joint degenerative joint disease, 333
Traumatic boot-top injuries, 494
Traumatic hallux valgus

forefoot sports injuries
back to sports, 372
classification, 371
diagnostics, 371
etiology, 371
evidence, 372
pathomechanism, 371
prevention, 372
rehabilitation, 372
symptoms, 371
therapy, 372

turf toe, 359
Treadmill analysis

advantages, 64–65
EMG, 71
with force sensors, 66, 67
gait analysis, 64–65
in hyper-supination, 68, 69
medical diagnostics, 72
orthopedic and therapeutic appraisal, 64

Turf toe
American football, 413–414
anatomy, 356
classification, 358
etiology, 356–357
evidence, 363
forefoot sports injuries

back-to-sports, 373
classification, 372
conservative treatment, 372–373
diagnostics, 372
etiology, 372
evidence, 373
pathomechanism, 372
prevention, 373
rehabilitation, 373
surgery treatment, 372–373
symptoms, 372

non-operative treatment, 358
rehabilitation, 363
surgical treatment

complications, 363

for Grade III injuries, 359
medial approach, 359, 360
plantar approach, 359–361
soft-tissue fixation, 362
sutures placement, 359–361
traumatic hallux valgus, 359

work-up, 357–358

U
Unhealed medial ankle sprain, 228

V
Valderrabano’s sports frequency score, 313, 314, 315
VISA-A score, 423
Visual analog scale (VAS), 312
Volleyball specific injuries

acute injuries, 553, 554
epidemiology, 554
etiology, 553–554
evidence, 555
overuse injuries, therapy for, 554–555
pathomechanism, 553–554
prevention, 555
rehabilitation, 555
return to sports, 555
stress-injuries, 553

W
Waterman-Green Osteotomy, 351
Water skiing injuries

ankle fractures, 558
ankle sprains, 557
calcaneal tendon ruptures, 558
talus fractures, lateral process of, 557–558

Water sports
canoeing, 558
diving, 559
evidence, 559
kayaking, 558
rafting, 558
rowing, 559
sailing, 558–559
skiing injuries

ankle fractures, 558
ankle sprains, 557
calcaneal tendon ruptures, 558
talus fractures, lateral process of, 557–558

snorkeling, 559
Weil osteotomy, 367, 368
Windsurfing

back-to-sports, 538
epidemiology, 536
etiology, 535–536
evidence, 538
pathomechanism, 535–536
prevention, 538
rehabilitation, 538
therapy, 537–538
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