®

Check for
updates

Hindfoot Tendinopathies

Pim A. D. van Dijk

69.1 Introduction
Tendinopathies are common hindfoot injuries
that can result in high morbidity for the patient.
While the exact incidence in the hindfoot remains
unknown, around 30% of all musculoskeletal
consultations in the general practice are associ-
ated with this disabling condition [1]. In the acute
phase, hindfoot tendinopathies are often missed
or mistaken for an ankle sprain [2]. On the other
hand, overuse or chronic injuries are difficult to
diagnose due to the slow onset of symptoms. As
tendinopathies can have a strong impact on the
patient’s quality of life, timely and accurate diag-
nosis is important for effective management and
to avoid socioeconomic burden [3].

In recent times, our understanding of tendon
injuries has evolved significantly and today ten-
dinopathy is considered a chronic, degenerative
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pathology. The cause of tendinopathies is mostly
multifactorial and can be an expression of sys-
temic or general musculoskeletal problems. A
combined thorough patient history and physical
examination are the cornerstone for diagnosing
the tendinopathy itself as well as to find possible
contributing factors or underlying diseases.
Additional diagnostic modalities such as ultra-
sound and magnetic resonance imaging can be
used to confirm the clinical suspicion of
tendinopathy.

This chapter provides an overview of the
pathophysiology, patient history, risk factors, and
physical examination of tendinopathy with spe-
cial emphasis on the hindfoot tendons.

69.2 Nomenclature

Historically, many confusing terminologies have
been used to define tendon injuries in the clinical
setting. In 1998, the umbrella term “tendinopa-
thy” was introduced to describe the combination
of pain, swelling, and impaired function of the
tendon in the clinical setting [4]. It was found that
only after histologic examination of the damaged
tissue, one can properly distinguish between sub-
types of tendinopathy such as tendinitis, tenosy-
novitis, and tendinosis. In the context of physical
examination of hindfoot tendinopathies, as in this
chapter, the general term tendinopathy is there-
fore most appropriate to use.
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69.3 Pathophysiology

Healthy tendons are highly organized struc-
tures to allow the transmission of high-energy
forces between bones and muscles. Regulation
of this strict organization is essential to main-
tain the tendon’s integrity and mechanical
properties and to prevent injuries [5, 6]. Normal
response of tendon tissue to damage consists of
inflammation, followed by proliferation or
deposition of collagen matrix, and remodeling
[7, 8]. In case of an inadequate inflammatory
response, the tendon’s structure becomes
hypervascularized and disorganized by an
increase of fibrin depositions, collagen break-
down, and a reduction of macrophages and
neutrophils: the first step in the development of
tendinopathy.

Both magnitude and distribution of the ten-
don’s load play a major part in the develop-
ment of tendinopathy [9, 10]. During repeated
motion and loading, tendons become suscepti-
ble for tendinopathy because the tendon’s
repair mechanism has less time to heal possible
microtraumas [9, 11]. Moreover, muscle acti-
vation and force misdistribution within the ten-
don can result in nonuniform loading of the
tendons, which in turn may cause microtrau-
mas [9]. In case of ongoing mechanical forces
in spite of these microtraumas, further tendon
deterioration occurs which eventually leads to
tendinopathy.

No consensus exists as to the exact etiology of
tendinopathy. Several theories have been pro-
posed, most of them being related to either the
inadequate vascularization of the tendon or the
tendon’s inflammatory response to damage [12—
17]. Ischemia might be induced by maximal
loading of the tendon, followed by relaxation and
subsequent generation of free radicals. These
radicals potentially contribute to the development
of degenerative changes in the tendon [17].
Moreover, local hypoxia may result in inadequate
levels of ATP, which may also lead to tendon
degeneration [12]. Others describe that tenocyte
apoptosis is induced by high strain application
[14]. In animal and human studies, tendon stress
was related to the release of harmful inflamma-

tory mediators such as interleukin-6 and prosta-
glandin E,, which potentially induce histological
degenerative changes [15, 16].

While tendons have some regenerative capac-
ity, it is not likely that the tendon’s tissue will
return to the pre-injury level of mechanical prop-
erties and highly structured organization [18].

69.3.1 What Causes Pain
in Tendinopathy?

While pain is the main reported symptom in ten-
dinopathy, the cause remains an enigma. As per
definition, pain serves to protect the tendon and
surrounding tissues. Tendon pain is closely linked
to extensive loading and activities, while it is
barely experienced during rest or low-load activi-
ties. Moreover, “warming-up” of the tendons
reduces pain [19, 20].

Many theories have been proposed in litera-
ture, as the molecular biology of tendons covers
many potential contributors to the development
of pain [21]. Some authors suggest that degen-
eration and disruption of the tendon tissue,
including deposit of fibrin and mechanical
breakdown of collagen, contribute to the devel-
opment of pain as this disruption may stimulate
nociceptors [22, 23].

Others hypothesize that the cause of tendon
pain has to do with the tendon’s complex network
of neurons and neuronal mediators’ innervation.
The latter is also involved in the tendon’s inflam-
matory response with levels increasing after
injury [24-26]. This might explain a synchro-
nized mechanism of tissue repair and stimulation
of the nerves at the same time [25]. In 2003,
Kahn et al. raised “the biochemical hypothesis”
of pain in tendinopathy, relating to the release of
biochemical agents in tendon inflammation.
These agents might irritate nociceptors in the sur-
rounding tissue or the tendon itself and in this
way cause pain [27].

More recently, a theory was published sug-
gesting that tendons itself cannot be the cause of
pain due to their aneural and avascular nature.
The fact that up to 32% of asymptomatic, unpain-
ful Achilles tendons show histopathological
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changes contributes to this theory [28, 29].
Instead, it is more likely that the pain is origi-
nated from outside the tendon. Damaged tendons
generate cytokines, which induce neovascular-
ization and neoinnervation from the paratenon or
vincula into the tendon, as seen in chronic painful
tendons. It is these neonerves that are responsible
for the pain [30].

69.4 Patient History and Risk
Factors

In general, up to 83% of all patients provide the
diagnosis in their clinical history [31]. In
patients with a hindfoot tendinopathy, there is
little to suggest that this is any different. The
cardinal complaint in patients with tendinopa-
thy is dose-dependent pain during loading of the
tendon, or in other words “too soon, too much,
and/or too often” [32]. In early stages, pain is
typically provoked after longer periods of load-
ing while proper “warming-up” decreases pain
complaints. In later stages of disease, pain can
even be present in rest with worsening during
activities. Seldomly, patients report an insidious
onset of pain. Other complaints in tendinopathy
include overuse, swelling, and functional
impairment.

Tendinopathies are most common in the active
population, as physical activities and/or occupa-
tion often determine the amount of force and
stress on the tendons. Any tendon can be affected,
depending on the type of sports or occupation
performed. Runners and dancers, for example,
show higher prevalence of flexor hallucis longus
or Achilles tendinopathy. In fact, 52% of male
elite runners are affected by Achilles tendinopa-
thy at one point in their life [33].

Besides activity and overuse, several extrin-
sic and intrinsic factors are associated with the
development of tendinopathy. Extrinsic factors
include training errors such as disbalanced
intensity, hill work, uneven grounds, fatigue,
wrong technique, and excessive distances.
Especially changes in load, technique, and/or
equipment are associated with the onset of ten-
dinopathy [32]. Also, environmental changes

and outdoor training in cold weather are consid-
ered risk factors [34].

Intrinsic factors include biomechanical abnor-
malities such as malalignment and difference in
leg length, age, gender, and health status. Adults
are more prone to tendinopathy in the lower
extremity in comparison to adolescents [35]. In
contrast to other anatomical regions of the body,
in hindfoot tendinopathies, there is no difference
in incidence between male and female patients
[36].

Diseases such as diabetes, obesity, and auto-
immune disorders may affect the biology and
mechanical function of tendons, making the
patient more prone to the development of tendi-
nopathies. Moreover, tendinopathy may be the
first clinical presentation of various metabolic
disorders such as gout or hypercholesterolemia.
Several pharmacological subtracts are associated
with the development of tendinopathy. Among
them are quinolone antibiotics, corticosteroids,
statins, and aromatase inhibitors [37].

69.5 General Physical
Examination

69.5.1 Inspection

Every orthopedic physical examination starts
with a general inspection [38]. Since this is thor-
oughly described elsewhere in this book, it is not
further discussed in this chapter. In hindfoot ten-
dinopathies, special attention should be paid to
the patient’s habitus, walking pattern, (mal)
alignment, and possible leg-length difference.
More specific for hindfoot tendinopathies,
inspection should focus on the foot and ankle.
Check the shoes for signs of abnormal or asym-
metrical wear, which can indicate malalignment.
With the patient on bare feet, check the alignment
of the foot and ankle from behind and check the
arch height (Fig. 69.1). A normal hindfoot has a
valgus of approximately 5°. Depending on the
type of malalignment, load of specific tendons is
increased, which puts them at higher risk for the
development of tendinopathy (see paragraph F).
In case of a flatfoot, the Coleman block test can
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be used to evaluate the flexibility of the malalign-
ment. A block is placed under the lateral side of
the foot in order to eliminate contribution of the
first ray and pronation of the forefoot. In case of
a flexible flatfoot, the alignment of the foot is cor-
rected to neutral or valgus. A rigid hindfoot will
not correct during the Coleman block test.

Check the lower extremity for scars, swelling,
muscle atrophy, change of color, and hair growth.
Swelling along the course of a specific tendon
may indicate tendinopathy. Poor blood supply, an
intrinsic risk factor for tendinopathy, may be
indicated by decreased hair growth, hypertrophic
nails, and a thinner skin.

69.5.2 Palpation

Palpation of the hindfoot is best performed with
the patient sitting in a chair and the examiner’s
chair opposed. It should be done in a systemic
manner and always compared to the other ankle.
Due to the foot’s superficial contours, the surface
anatomy can be used as a guide for identification
of possible pathology (Fig. 69.2). Check for areas
of tenderness and bony or soft-tissue thickening:
recognizable tenderness on palpation of the
affected tendon is one of the most specific find-
ings for tendinopathy during physical examina-
tion. Proper knowledge of the hindfoot’s anatomy

Fig. 69.1 Hindfoot evaluation in (a) neutral and (b) forefoot loaded position

Fig. 69.2 Evaluation of tendons in the ankle via surface anatomy
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Table 69.1 Hindfoot tendon function

Hindfoot tendon

Flexors and plantiflexors

Posterior tibial tendon

Peroneus brevis tendon

Function

Plantarflexion, inversion and adduction of the
ankle
Plantarflexion, abduction, eversion of the ankle

Peroneus longus tendon

Plantarflexion of the hallux, abduction and

eversion of the ankle

Flexor hallucis longus tendon
Flexor digitorum longus tendon

Achilles tendon
Discussed in chapter 5 of the Ankle section

Extensors and dorsiflexors
Anterior tibial tendon
Peroneus tertius*
Extensor hallucis longus
Extensor digitorum longus

is therefore essential. Once areas of tenderness
are found, define the limits of tenderness and
possible changes by loading and motion of the
ankle.

69.5.3 Range of Motion and Muscle
Strength

Range of motion of the ankle should be per-
formed systematically. It is important to test both
active and passive range of motion and compare
to the contralateral side. Please refer to Table 69.1
for an overview of the function of specific hind-
foot tendons. Deficits in range of motion or
reduction of muscle strength may be explained
by injury of specific tendons. It should be kept in
mind that the culprit may be in a different ana-
tomic region. For example, lack of active hallux
extension may indicate pathology of the extensor
hallucis longus but can also be related to a nervus
peroneus injury of L5 radiculopathy.

69.5.4 Pain Provocation Test
As tendon pain is loading dose-dependent, recog-

nizable pain may be provoked during extensive
loading or active motion against resistance. In

Flexion of the hallux (distal phalanx)
Flexion of digiti 2-5
Plantarflexion of the ankle

Dorsiflexion, inversion and adduction of the ankle
Dorsiflexion and eversion of the ankle

Extension of the hallux (distal phalanx)

Extension of digiti 2-5

Table 69.1, and as further discussed in paragraph
F, the specific function to test for each tendon is
summarized.

69.6 Physical Examination
of Hindfoot Tendinopathy

69.6.1 Posterior Tibial Tendon

The posterior tibial tendon acts as the primary
invertor of the ankle and dynamic stabilizer of the
medial arch and plays an important role in the
medial ankle stability during walking.
Dysfunction of the tendon is the most common
cause of acquired flatfoot deformity. While
changes in the tendon’s structure become obvi-
ous in later stages of tendinopathy, the degenera-
tive process begins far before clinical disease is
apparent. Adequate clinical history and physical
examination lead to earlier diagnosis, potentially
preventing the patient from further deterioration
and invasive treatments.

Posterior tibial tendinopathy is often seen
after overuse or extensive loading in high-
impact sports such as tennis, soccer, and bas-
ketball, as the tendon may suffer repetitive
microtraumas due to extensive loading. Woman
and patients older than 40 years are also at
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tendon

Fig. 69.3 Assessment of Posterior Tibial
function

greater risk. Patients typically demonstrate
pain at the medial side of the ankle during
activities such as running and walking. In later
stages of disease, pain can also be experienced
in front of the foot or even on the lateral side of
the ankle.

During inspection, a pes planus or “too-
many-toes sign” may be observed. A Coleman
block test often reveals a flexible flatfoot in
early stages of the disease, and a more rigid
flatfoot in severe tendinopathy. Swelling may
be presented over the course of the tendon, and
pain is often provoked during palpation of the
tendon (Fig. 69.2). Active plantar flexion and
inversion against resistance may reveal pain
and loss of muscle strength (Fig. 69.3). Single-
leg heel raise is a useful clinical tool to differ-
entiate the severity of tendinopathy: in an early
stage, patients are able to stand tiptoes on the
affected foot without pain. In later stages,
standing on the affected foot and coming up on
tiptoes will provoke pain or the rigid deformity
may prevent the patient from completing the
test at all [39].

69.6.2 Anterior Tibial Tendon

The anterior tibial tendon functions as a dorsi-
flexor and invertor of the ankle. Moreover, it sta-
bilizes the ankle during walking as the foot hits
the ground and pulls it clear of the ground during
push-off. Tendinopathy of the anterior tibial ten-
don may result from overuse, with specific risk in
activities such as running up and down hill.
During uphill running, the tendon must lift the
foot higher than normal. In downhill running, the
tendon is lengthening and contracting at the same
time, which puts even higher loads on the tendon.
Moreover, the tendinopathy may be caused by
tight shoelaces or strapping over the front of the
ankle, causing higher compression on the
tendon.

Patients typically present with pain complaints
in front of the ankle that worsens with activity.
Other symptoms include weakness during dorsi-
flexion or “slapping” of the foot on the ground
when walking.

During physical examination, pain and swell-
ing can be found over the course of the tendon,
especially in front of the ankle (Fig. 69.3). Active
dorsiflexion against resistance often exacerbates
pain and may reveal loss of muscle strength
(Fig. 69.4).

69.6.3 Peroneal Tendons

Together, the peroneal tendons act as the primary
evertors and abductors of the foot. In this way,
they play an important role in the active lateral
ankle stability, the foot’s eversion strength, and
stabilization of the lateral column of the foot dur-
ing stance. Tendinopathy of the tendons is often
described after a gross ankle sprain in the patient’s
history or in case of chronic lateral ankle
instability.

Typically, patients present with lateral ankle
pain or pain along the course of the tendons that
worsens with activity. Other symptoms include
tenderness, giving way, and lateral ankle instabil-
ity. On inspection, a cavovarus foot may be
observed just as swelling over the course of the
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peroneal tendons. Palpation of the tendons often
generates recognizable tenderness, pain, and/or
crepitus (Fig. 69.2). Passive inversion and plantar

Fig. 69.4 Evaluation of Anterior Tibial tendon

flexion or active eversion and dorsiflexion against
resistance typically exacerbate pain (Fig. 69.5).
Moreover, muscle strength can be weaker when
compared to the contralateral side.

69.6.4 Flexor Hallucis Longus

The flexor hallucis longus tendon is the primary
flexor of the hallux by plantarflexing the talocru-
ral, metatarsophalangeal, and interphalangeal
joints of the hallux while also aiding in plantar
flexion and inversion of the ankle. Tendinopathy
of the flexor hallucis longus, also known as
“dancer’s tendinopathy,” may result from high
tendon loads in extreme plantar flexion of the
ankle and flexion of the hallux. It is most often
found in classical ballet dancers but is also related
to athletes performing frequent push-off maneu-
vers such as gymnasts, skaters, long-distance
runners, and swimmers.

Pain typically starts around the posteromedial
side of the ankle or on the medial side of the sub-
talar joint, below the tip of the medial malleolus.
It may be provoked by plantar flexion such as
push-off in running or relevé in ballet. Moreover,
it is related with other pathologies such as an os

Fig. 69.5 Evaluation of Peroneal tendon function



646

P. A.D. van Dijk

Fig. 69.6 Evaluation of Flexor Hallucis Longus tendon function

Fig. 69.7 Evaluation of Extensor Hallucis Longus tendon function

trigonum, bony avulsions, ankle and subtalar
arthrosis, and loose bodies [40-43].

Tenderness on palpation of the flexor hallucis
longus usually reveals flexor hallucis longus ten-
dinopathy (Fig. 69.2). The tendon can be pal-
pated behind the medial malleolus in its sliding
canal by asking the patient to flex the toes repeti-
tively with the ankle in a position of slight plantar
flexion (10-20°). Flexion of the hallux against
resistance or walking on tiptoes may provoke
recognizable pain (Fig. 69.6). Moreover, passive
extension of the hallux with the ankle in both
neutral and plantarflexed positions can be

compared: in case of limited to no extension in
neutral position that disappears in plantar flexion,
the flexor hallucis longus was likely entrapped
which might indicate tendinopathy (Fig. 69.7).
Passive extension of the hallux with the ankle in
plantar flexion can also provoke pain complaints
(Fig. 69.7b).

69.6.5 Extensor Hallucis Longus

The extensor hallucis longus tendon acts as the
primary extensor of the hallux and contributes to
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Fig. 69.8 Evaluation of Extensor Hallucis tendon strength and function

dorsiflexion of the ankle. Moreover, it dorsi-
flexes the ankle and inverts the foot. In this man-
ner, it allows clearance off the ground during
walking. Isolated tendinopathy of the extensor
hallucis longus is uncommon [44]. It may be
caused by eccentric overload with repeated fric-
tion of the tendon passing under the extensor
retinaculum at the front of the ankle, also known
as “ultramarathoner’s ankle” [45]. Other caus-
ative factors include excessive pronation, eccen-
tric overload, muscle imbalance, and tight
shoelaces or strapping over the front of the ankle
[46-48].

Patients typically indicate pain over the course
of the tendon, especially in front of the ankle
(Fig. 69.2). Other symptoms include weakness
during extension of the hallux, “slapping” of the
foot on the ground when walking, and a charac-
teristic ultramarathoner’s gait.

During physical examination, pain and swell-
ing can be found over the course of the tendon,
especially in front of the ankle (Fig. 69.2). Forced
passive flexion of the hallux with the ankle in
plantar flexion and active extensor of the hallux

against resistance often exacerbate pain
(Fig. 69.8). The latter may also reveal loss of
muscle strength.

69.7 Conclusion

Tendinopathies are common injuries in the hind-
foot and can result in high morbidity for the patient.
While significant deterioration of the tendon’s
structure becomes obvious in later stages of tendi-
nopathy, the degenerative process begins far before
clinical disease is apparent. Adequate clinical his-
tory and physical examination are key to early
diagnosis, potentially preventing the patient from
further deterioration and invasive treatments.

Typically, tendinopathy occurs in the active
population and results from overuse or “too soon,
too much, and/or too often.” In case of symptoms
such as loading dose-dependent pain, swelling,
tenderness along the course of a specific tendon,
and provocation of pain during active motion
against resistance, always consider the possibility
of a tendinopathy.
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69.8 Pearls and Pitfalls

Adequate clinical history and physical exami-
nation are key to early diagnosis of tendinopa-
thy, potentially preventing the patient from
further deterioration and invasive treatments.
The cardinal complaint in patients with tendi-
nopathy is dose-dependent pain during loading
of the tendon, or in other words “too soon, too
much, and/or too often.”

Tenderness on palpation of the affected ten-
don is one of the most specific findings for
tendinopathy during physical examination.
Proper knowledge on the anatomy of the hind-
foot is mandatory for diagnosing hindfoot
tendinopathies.
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