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Foreword

It was during my foot and ankle fellowship, with Dr. Roger Mann, that my research
and clinical interests gravitated to tendon injuries of the foot and ankle. In the 1980s,
orthopedic traumatologists started to emphasize the critical importance of soft tis-
sue management in complex fracture management. This kindled my career-long
interest in Achilles tendon and posterior tibial tendon ruptures and dysfunction. The
pathophysiology, clinical diagnosis, and treatment options for soft tissue injuries of
the foot and ankle in the 1980s were by today’s standards uncharted and on a signifi-
cant scale, anecdotal.

In 2013, the groundbreaking research in Achilles tendon regeneration by Dr.
Hogan was acclaimed by his colleagues with the bestowing of the AOFAS J. Leonard
Goldner Award. The continuation of his forward-thinking research has led to his
team being viewed as international leaders in tendon research.

Dr. Hogan and Dr. Cain are to be applauded for having gathered a dream team of
contributors to provide the practicing foot and ankle surgeon the knowledge base in
soft tissue, ligament, and tendon injuries essential to providing the best care for our
patients. The contributors have created an evidence-based, comprehensive, and
cohesive foundation for the further expansion of our knowledge of soft tissues inju-
ries of the foot and ankle. This is the book I wish was available at the beginning of
my foot and ankle career.

George B. Holmes

Department of Orthopaedic Surgery
Rush University Medical Center
Chicago, IL, USA



Preface

Understanding the anatomy and biomechanics of the foot and ankle is required to
make the appropriate diagnosis of any pathology. Acute injury symptoms appear
immediate while chronic injuries tend to persist for days, months, and even years.
Diagnosis and treatment, whether operative or non-operative, requires attention to
the factors that contribute to the patient returning to symptom-free activity.

While each approach varies depending on the nature of the pathology, whether acute
or chronic, the overall goal remains to provide a functional foot and ankle that
allows patient to return to daily activities. Overtime, with the evolution of technol-
ogy that improves our diagnosis acumen, management of pathology is also impacted
by published literature that reflect the latest advancements.

To that end, it is our pleasure to present Tendon and Ligament Injuries of the Foot
and Ankle: An Evidence-Based Approach. This book is written for the foot and
ankle specialists in mind with the intention of providing an approach to diagnosis of
acute and chronic injuries through the lens of evidence-based medicine. Each chap-
ter of the textbook provides an evidence-based algorithm that is based on the latest
knowledge and advancements in various tendon and ligament injuries of the foot
and ankle.

In order to achieve this task, our international experts provide a consensus for
management of the various tendon and ligament pathologies. The experts provided
evaluation of long-term studies that decrease the chance of misdiagnosis and an
algorithm that avoids ineffective treatments that are not substantiated by the evi-
dence. We acknowledge, with gratitude and appreciation, the experts’ time and
commitment to help accomplish this objective. We also like to thank the team at
Springer Publishing, especially Kristopher Spring and Eugenia Judson, for the
opportunity to share this knowledge with the foot and ankle community. Finally, we
thank the readers of the textbook, who we hope will be inspired and challenged to
take this information to their patient population. Our goal is to serve them with the
acquisition and application of the evidence-based knowledge that improves
their care.

Pittsburgh, PA Jarrett D. Cain
Pittsburgh, PA MacCalus V. Hogan
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Imaging of Soft Tissue Injuries
of the Foot and Ankle

Carol L. Andrews, Don D. Williams, and Lorraine Boakye

Introduction

Imaging for evaluation of tendon and ligament injuries includes a wide variety of
techniques as the foot and ankle are some of the most challenging anatomic struc-
tures to image. This is accounted for, in part, by the fact that the transition from the
leg to the foot is an acute angle, the multiple curved osseous surfaces as well as the
mediolateral and anteroposterior arches of the midfoot, and the alignment of the
multiple individual joints of the forefoot.

Imagers consider the ankle and hindfoot [tibiotalar, subtalar, as well as talona-
vicular and calcaneocuboid (Chopart) joints] separately from the midfoot [intertar-
sal and tarsometatarsal (Lisfranc) joints] and the forefoot (metatarsophalangeal and
interphalangeal joints) (Fig. 1.1). This becomes important in both the consideration
of the clinical question and the focused, dedicated imaging of each region to allow
the appropriate assessment of pathology.

Large field of view (FOV) imaging, with any modality, allows the impression of
comprehensive imaging but, in fact, may result in decreased conspicuity of relevant
structures, thus limiting diagnostic interpretation. In radiographic imaging, this may
mean improved ability to see alignment but decreased likelihood of identifying
subtle cortical avulsions or more complex injuries that include or affect the function
of the tendons and ligaments. Focused multiplanar imaging of the ankle comprises
the tibiotalar and subtalar joints to include the proximal portion of the midfoot.
Midfoot imaging includes imaging from the Chopart to the Lisfranc joints, and
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Fig. 1.1 Normal lateral
radiograph. The ankle and
foot are considered as the
hindfoot divided from the
midfoot by the Chopart
joint (yellow line) and the
forefoot divided from the
midfoot by the Lisfranc
joint (green line)

STANDING

Fig. 1.2 Normal weight-bearing radiographs of the ankle. (a) Anteroposterior (AP), (b) mortise
oblique, and (c) lateral

forefoot imaging includes from the Lisfranc joint through the toes. Dedicated small
FOV imaging allows high spatial resolution of the area of interest [1].

Weight-bearing is an important tool in foot and ankle imaging. It allows direct
assessment of alignment and, thus, an indirect measure of the integrity of the sup-
porting soft tissues (Figs. 1.2 and 1.3). Stress views can be employed to confirm and
accentuate particular osseous and soft tissue pathology. Gross injury, such as dislo-
cation, is readily seen with non-weight-bearing imaging, but subtle subluxations
could easily be missed (Figs. 1.4 and 1.5).

This is easily accomplished in radiographic imaging but is less commonly used in
multiplanar imaging such as computed tomography or magnetic resonance imaging.
Cone-beam computed tomography (CT) technology now provides the opportunity to
evaluate ankle and foot alignment, allowing functional information of joint biome-
chanics [2, 3]. Weight-bearing magnetic resonance imaging (MRI) is also proposed.
Attempts to simulate weight-bearing have been less than successful over the years. It
is essential that the patient be able to remain still throughout MR imaging to assure
adequate acquisition of the images. A weight-bearing position is difficult to maintain
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Fig. 1.3 Normal weight-bearing foot radiographs. (a) AP, (b) oblique, (¢) Harris-Beath axial, and
(d) lateral

without micromotion, and the weight-bearing position is often a painful position
which limits patient stillness as well. Weight-bearing MRI may be accomplished in
open low-field strength scanner with a tilt table that allows the patient to weight-bear
during imaging. These units are not in widespread use at this time [2].
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gravity stress

Fig. 1.4 Stress radiographs. (a) Gravity stress view of the ankle in patient with Weber B fracture
(white arrow) demonstrates widening of the medial tibiotalar joint, indicating ankle instability. (b)
Manual stress view demonstrates no change in the symmetric ankle mortise. Note the fingers of the
person applying stress (white arrowhead). Manual stress views should be undertaken with protec-
tion against radiation

The majority of ankle and foot imaging does not warrant intravenous or intraar-
ticular contrast. Intravenous contrast has been suggested in the evaluation of soft
tissue impingement as synovitis/synovial hypertrophy is vascular and will enhance.
It is also useful in the setting of possible soft tissue infection. It does not assist in the
evaluation of acute or chronic tendon or ligament abnormalities [4].

Arthrography with MRI is useful in the evaluation of osteochondral lesions and
may be useful in evaluation of the postoperative ankle presenting with ongoing pain
[5] but is not routinely employed in evaluating of soft tissue injuries of the foot
and ankle.

Specific Modalities

Radiography provides a baseline for quality of bone, alignment and assessment
of acute trauma, residual from prior trauma, presence of arthritis and presence
of soft tissue swelling, masses or calcification, as well as evidence of prior sur-
geries. Radiographs are useful for serial imaging over time. Radiographs do not
provide direct visualization of tendons, other than the Achilles tendon and the
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Fig. 1.5 Midfoot Lisfranc ligament injury. (a) Non-weight-bearing radiograph demonstrates sub-
tle widening of the medial and middle cuneiforms but no clear malalignment at the medial Lisfranc
joint (white arrow). (b) Weight-bearing radiograph reveals fracture fragment and lateral sublux-
ation of the first and second tarsometatarsal joints (white arrowhead)

plantar fascia, but they provide indirect information regarding alignment related
to the integrity of the tendons and ligament restraints. Weight-bearing imaging
provides further information about the dynamic integrity of normal alignment
[6]. This chapter is not meant to provide an exhaustive summary of the many
measurements about the foot and ankle. That information can be acquired
elsewhere.

Ultrasound is an extremely useful tool for identifying and interrogating regions
of pain. It is operator dependent, requiring extensive practice to acquire the techni-
cal skill needed in concert with the professional understanding of the anatomy and
pathology of the structures imaged [7-9]. Adequate evaluation requires high-
frequency transducer (15-18 MHz) and a small footprint to adequately assess the
accessible ligaments and tendons (Fig. 1.6). It can delineate the anatomy and pathol-
ogy of the superficial structures including tendons and superficial ligaments but is
less effective with deeper soft tissue structures, especially if surrounded by bone. It
is a dynamic imaging method, allowing visualization of a structure through its range
of motion such as evaluation of the peroneal tendons when transient tendon sublux-
ation is suspected (Fig. 1.7) [7-9].
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Fig. 1.6 Normal Achilles
tendon. Longitudinal
ultrasound demonstrated
the organized striated
appearance of the intact
tendon fibers (white
arrows) as the tendon :
approached its insertion on - ~ W " - . Calcaneus
the calcaneus (white
arrowheads)

Fibula

Fig. 1.7 Peroneal tendon dislocation. (a) Transverse ultrasound of the distal fibula demonstrates
the peroneal tendons (white arrow) in normal position dorsal to the fibula (white arrowhead). (b)
Transverse ultrasound during dynamic manipulation of the ankle shows the peroneal tendons
(white arrow) dislocated lateral to the fibular retromalleolar groove (white arrowhead)

Computed tomography may be useful for evaluation of fractures associated with
tendon and ligament disruption and may, on occasion, allow for direct visualization of
soft tissue injury, especially when imaging in a delayed fashion as region edema often
limits reasonable assessment of the ligaments and partial tendon injury (Fig. 1.8).
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Fig. 1.8 Lisfranc fracture dislocation. Short-axis CT imaging demonstrates marked comminution
of the tarsometatarsal joints with disruption of multiple joints at the (a) Lisfranc joint with fracture
of the cuneiforms and cuboid as well as more distally at the (b) fractured metatarsal bases. (c)
Sagittal reconstruction shows the malalignment with dorsal dislocation of the third metatarsal base
(white arrow)

MRI is widely accepted as an excellent method of assessing the soft tissue struc-
tures of the ankle and foot. There are a myriad of options available with this tool to
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maximize the information yielded by a given study including the strength of the
magnetic field (1.5 and 3.0 Tesla are the most common in clinical use today), vari-
ous coils ranging from surface coils (widely available and in common use) to dedi-
cated micro-coils (limited availability), variable FOV with large FOV being less
detail-oriented and small FOV for detailed assessment, and a wide range of pulse
sequences to choose from to allow evaluation of a specific tissue type or structure
[1, 10]. Protocols vary depending on the preferences of the supervising radiologist,
scanner type, and strength and available coils and software. Sample protocols from
three different institutions are included (Table 1.1). All three planes are used at each
institution, and each includes PD and PD fat suppression (FS) sequences to provide

Table 1.1 Sample protocols for MR imaging of the foot and ankle [1, 10]

Institution 1
Ankle

Institution 2

Institution 3

Patient Prone with ankle in Supine with foot held in ~ Supine with foot held in
position plantar flexion position of comfort position of comfort
FOV 160 mm 160 180
Axial PD, T2FS
oblique
Axial PD PD, STIR PD
Coronal T2FS PD, PDES PD
Sagittal T1, T2FS PD, PDFS PD, STIR
Midfoot
Patient Supine with foot held in ~ Supine with foot held in ~ Supine with foot held in
position position of comfort position of comfort position of comfort
FOV 160 mm 120 160
Axial (short T1, PDFS PDFS PD
axis)
Coronal T1, PDFS PD, PDES PD, STIR
(long axis
Sagittal T1, STIR PDFS PD
Forefoot
Patient Supine with foot held in Supine with foot held in
position position of comfort position of comfort
FOV 120 mm 160
Axial (short TI1, T2FS PD
axis)
Coronal T1, PDES PD, STIR
(long axis 1
Sagittal T1, STIR PD
Toes
Patient Supine with foot held in ~ Supine with foot held in
position position of comfort position of comfort
FOV 80 mm 80 mm
Axial (short T1, T2FS PD, PDFS
axis)l
Coronal T1, PDFS PD, PDFS
(long axis 1
Sagittal T1, STIR PD, PDFS

FOV field of view, PD proton density, F'S fat suppression, STIR short tau inversion recovery
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the best spatial resolution, signal-to-noise ratio, and contrast, allowing assessment
of bone, cartilage, ligaments, and tendons. The orientation of the coronal and axial
planes can be somewhat confusing as some institutions define the plane orientation
with reference to the foot, while other institutions with reference to the ankle. To
avoid confusion, these planes may be referred to as short-axis (providing imaging
that is transverse to the forefoot structures) and long axis (allowing a view similar
to an AP foot radiograph) [1].

Comprehensive summary of the technical factors of various imaging modalities
is beyond the scope of this text. An understanding of the histopathology of acute and
chronic injury to tendons and ligaments yields specific imaging appearances, and a
summary of these findings will be reviewed.

Tendons

Tendons are formed with taut parallel collagen fibers of uniform slightly flattened
fibrocytes, resulting in uniform organization. Degeneration of the tendon results in
disruption of this organization with tearing of individual fibers and subsequent
ingrowth of fibrovascular reparative tissue. Tendon injury is graded as minimal fiber
disruption (grade 1 strain), partial tendon tear (grade 2 strain), and complete tendon
tear (grade 3 strain). These injuries may occur proximally, distally, or in midsub-
stance. In the more chronic setting of tendinosis, the tendon tenocytes are more
rounded with increased cell numbers and an increase in larger hydrophilic proteo-
glycans, resulting in increased bound water and tendon thickening, fibrillar disorga-
nization, and infiltration of blood vessels and accompanying nerves [9, 11-14]. The
paratendinous soft tissues including the tendon sheath and bursae will often demon-
strate inflammatory changes as well [9, 13, 15]. The Achilles tendon serves as an
excellent representation of process (Fig. 1.9).

The organization of the tendon fibers is well demonstrated on ultrasound with a
slightly hyperechogenic fibrillar pattern [9]. Disruption of this continuity of fibers
may be seen within or along the surface of the tendon. Progressive fiber disruption
correlates with increasing grade of tendon strain. Partial or intrasubstance tears may
be fusiform and thickened (Fig. 1.10). As the tearing progresses continues, the ten-
don contour becomes more attenuated and thinned. Complete tear shows fiber dis-
continuity demonstrated as hypoechoic or anechoic echotexture (Fig. 1.11). In
tendinosis, the tendon echotexture is disrupted and appears hypoechoic and thick-
ened without a discrete tear. Doppler studies will often reveal increased vascularity
(Fig. 1.12) [9].

Care must be taken to assure that the probe is directly parallel with the tendon
fibers to avoid the major pitfall of anisotropy, a mimic of partial of intrasubstance
tearing. Anisotropy occurs when evaluating linear structures such as tendons and
ligaments. If the transducer is not parallel to the structure being evaluated, there will
be a loss of the normal echotexture of the structure that can be fiber tearing
(Fig. 1.13) [8, 9].
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Fig. 1.9 Achilles tendon strain grades. (each axial image corresponds to the level of the black
arrowhead seen on the sagittal images). (a) Sagittal T1-weighted MR shows the taut straight mar-
gin of the Achilles tendon throughout its course (black open arrowhead). (b) Axial T1-weighted
MR shows the tendon uniform low signal intensity with a semilunar contour (black open arrow).
(c) Grade 1 strain. Sagittal T1-weighted imaging shows midsubstance tendon strain with minimal
tendon thickening (black arrowhead), while (d) axial T2 fat-suppressed imaging shows the normal
concave contour of the tendon with punctate focal areas of high signal representing scattered dis-
rupted tendon fibers (white arrowhead). (e) Grade 2 strain. Sagittal T1-weighted imaging shows
more bulbous contour (black arrowhead) with (f) axial T1-weighted imaging showing the rounded
contour of the tendon in transverse perspective (white arrowhead). (g) Grade 2 strain. Sagittal
T1-weighted imaging shows marked tendon thickening (black arrowhead) with (h) axial
T1-weighted imaging showing the large gaps in the tendon fibers with progressive intrasubstance
tearing (white arrowhead). (i) Grade 3 strain. Sagittal STIR imaging shows complete tendon dis-
ruption (black arrowhead) with (j) axial T1-weighted imaging revealing complete disruption of the
tendon fiber integrity with extensive soft tissue swelling (white arrowhead)
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Fig. 1.10 Mild Achilles tendinosis. (a) Short-axis ultrasound of mild Achilles tendinosis demon-
strates (a) mild disorganization of the normally straight and taut fibers with increased intrasu-
bstance fluid, resulting in a bulbous thickening (white arrow) of the mid-tendon. (b) Long-axis
imaging shows the increased interstitial fluid between the thickened tendon fibers (white
arrowheads)
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Calcaneus

Fig. 1.11 Severe Achilles tendinosis and complete tendon tear. (a) Large FOV long-axis imaging
demonstrates the fusiform shape (white arrowheads) of a moderately severe tendinosis through the
length of the tendon from the myotendinous junction to the calcaneal insertion. (b) Large FOV
long-axis imaging reveals a complete midsubstance Achilles tear with retraction of the torn fibers
(white open arrowheads), resulting in an anechoic gap

Fig.1.12 Severe Achilles tendinosis. (a) Short-axis imaging demonstrates the increased anechoic
areas (white arrowhead) interdigitating with the thickened irregular fibers which appear very punc-
tate on short-axis imaging. (b) Long-axis imaging also shows the anechoic gaps (white open
arrowhead) in this severe tendinosis. The application of power Doppler reveals the anechoic
regions with increased vascularity in the (¢) short and (d) long-axis views of the tendon
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calcaneus

Fig. 1.13 Anisotropy of the Achilles tendon. (a) Long-axis ultrasound near the Achilles calcaneal
insertion shows a lack of organized tendon fibers (white open arrow) with a more hypoechoic
region (white arrow) near the calcaneus. This represents artifact because of the off-angle trans-
ducer position. This could easily be mistaken for tendinosis and tendon tear. (b) With realignment
of the ultrasound transducer to a position parallel to tendon fibers, the organized striated appear-
ance of the normal tendon is evident (white open arrowhead). The area near the calcaneus did
improve in appearance but shows a hypoechoic area in the fibers along the deep surface of the
tendon representing a small partial tear of the tendon (white arrowhead)

MRI is an excellent method of assessing the integrity of a tendon (Figs. 1.14,
1.15, 1.16, 1.17, and 1.18) [9, 12]. Understanding the variable contour of the ten-
dons is important as the tendon may appear slightly different in signal and contour
throughout its course. The tendons widen slightly as they insert on their respective
osseous attachments and that the signal and shape may vary as they pass over osse-
ous prominences. For example, the posterior tibialis tendon should not be mistak-
enly called as a tear as it widens to insert on the medial navicular. Peroneal tendons
are typically slightly flattened as they pass behind the fibular retromalleolar
groove [9].
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Fig. 1.14 Distal anterior tibial tendinosis — grade 2. A 72-year-old male runner presents with a
painful mass in his medial midfoot. (a) Short-axis STIR demonstrates a focal mass corresponding
to the enlarged anterior tibialis tendon (white open arrow). (b) Long-axis T2 fat-suppressed imag-
ing reveals the thickened, striated appearance of the distal 4 cm of the tendon (white arrow) just at
and distal to the inferior extensor retinaculum. (¢) Long-axis PD-weighted imaging at the medial
cuneiform anterior tibialis insertional site demonstrates the intermediate signal (white arrowheads)
in an area where the tendon would normally be uniformly low signal

The tendons have to make the 90-degree turn from the leg and ankle into the foot.
This results in the tendons going through a complex angle and creates a pitfall
known as magic angle effect in which the organized tendon collagen bundles are
oriented 55° relative to the static magnetic induction field, resulting in apparent
increased intrasubstance signal in the tendon on T1-weighted and proton density
pulse sequences. This signal phenomenon is less evident on T2 and short tau inver-
sion recovery (STIR) sequences (Fig. 1.19). This may mistakenly be interpreted as
tendinosis [1, 9, 16, 17].
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Fig. 1.15 Posterior tibialis tendon intrasubstance tear. (a) Short-axis T1-weighted imaging dem-
onstrates the enlarged contour of the posterior tibialis tendon with extensive intrasubstance tearing
(white open arrow), while the adjacent flexor tendons are normal in caliber. (b) Coronal STIR
demonstrates the slightly striated appearance (white arrowhead) of the intrasubstance tear with
associated tenosynovitis. (c¢) Sagittal T2 fat-suppressed imaging reveals the length of this pathol-
ogy in the tendon (white arrow) with the fluid in the adjacent tendon sheaths

Radiographs are not considered a primary direct visualization tool for tendons.
The Achilles tendon is an exception to that rule. The tendon is outlined by surround-
ing subcutaneous fat and Kager’s fat pad, and its contour is clearly visualized
(Fig. 1.20). The radiographic assessment of tendon health is based on its contour,
normally straight and thin. It may become diffusely thickened or focally bulbous,
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Fig. 1.16 Peroneal longus focal tendinosis. (a) Axial T2 fat-suppressed and (b) sagittal
T1-weighted imaging reveals the normal taut slender uniform appearance of the normal peroneus
brevis tendon (white open arrowhead), while the peroneus longus focal tendinosis (white arrow-
head) is evident as bulbous swelling in the tendon just at and distal to the peroneal tubercle

Fig. 1.17 Peroneus brevis split tear. (a) and (b) Short-axis PD-weighted imaging reveals the two
distinct peroneus brevis hemi-tendons (white arrowheads) resulting from a split tear as the pero-
neal tendons pass dorsal to the retromalleolar groove, resulting from the microtrauma of the pero-
neus longus tendon crowding the peroneus brevis against the distal fibular cortex
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Fig. 1.18 Peroneal brevis dislocation with tenosynovitis. (a) AP radiograph demonstrates signifi-
cant lateral soft tissue swelling (white arrow) and correlates with the (b) coronal STIR image. The
peroneus brevis tendon overlies the lateral aspect of the fibular (white arrowhead) with associated
tenosynovitis (white open arrowhead). (¢) Axial T2 fat-suppressed imaging reveals the elongate
comma-shaped deformity of the peroneus brevis (white arrowhead) with lateral subluxation. The
peroneus longus tendon is normal in contour and caliber. The tendon sheath is markedly distended
with fluid (white open arrowhead)
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Fig. 1.19 Magic angle artifact. (a) Sagittal T1-weighted imaging demonstrates the magic angle
phenomenon in the distal posterior tibialis tendon as it approaches the navicular insertion (white
arrow). The normal tendon demonstrates intermediate signal in the segment of the organized ten-
don fibers at 55° angle from the long axis of the magnet. (b) When the same area is imaged with a
sagittal STIR, the intermediate signal disappears, and the normal low tendon signal is evident

Fig. 1.20 The Achilles tendon appearance without and with tendinopathy. (a) Lateral radiograph
shows the taut straight Achilles tendon (white arrow) outlined by the thin skin surface superficially
and Kager’s fat pad along its deep surface (white arrowhead). The plantar margin of the fascia is
evident against the plantar fat pad (white open arrow). (b) Lateral radiograph demonstrates the
fusiform thickening of the tendon in the setting of severe tendinopathy (white arrow). The Kager’s
fat pad is effaced by the significant tendon swelling (white open arrowhead)
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Fig. 1.21 Painful flatfoot deformity. (a) Lateral weight-bearing radiograph reveals a mild pes
planus alignment. (b) Short-axis T1-weighted imaging reveals mild enlargement of the posterior
tibialis tendon contour (white arrowhead). (¢) This is confirmed on sagittal T2-weighted imaging,
which demonstrates the bulbous enlargement of the posterior tibialis tendon just as it passes the
medial malleolar tip (white arrow)

representing progressive tendinosis. There may be associated dystrophic calcifica-
tion. It may demonstrate focal attenuation, typical of partial tear, or marked soft
tissue with limited tendon visualization in complete tear [18].

Secondary effects of tendon injury can be demonstrated radiographically. Soft
tissue swelling and osseous malalignment are secondary indicators of tendon
pathology. For example, a weight-bearing image in a 55-year-old female will dem-
onstrate the pes planus alignment and hindfoot valgus as a consequence of posterior
tibialis dysfunction (Fig. 1.21) [11, 19].
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Ligaments

Understanding the anatomy of the specific ligament in question is key to imaging
evaluation. Each ligament has its own unique orientation and structure, composed
of a variable number of individual bundles such as the deep and superficial deltoid
ligament [20], dorsal intermediate and plantar bands of the tarsometatarsal liga-
ments [21], and the interrelation of plantar plate, the deep intermetatarsal ligaments,
and the adjacent collateral ligaments [22, 23].

Ligament injury may be graded with grade 1 sprain demonstrated as peri-
ligamentous edema with otherwise intact fibers, grade 2 as partial tear of the liga-
ment fibers, and grade 3 as complete tear. As the ligament heals, it initially forms
ill-defined edematous fibrovascular tissue. This will continue to evolve over time
with a decrease in the edema and degree of ligament thickening [7, 10]. This healing
process may take 6—12 months (Fig. 1.22).

Radiographs do not directly visualize the ligaments, but radiographs can be used
to assess as well as concomitant injury such as avulsion fractures and assess the
abnormal alignment resulting from ligament injury. Soft tissue swelling with a con-
comitant tibiotalar effusion may be the only sign of ligamentous injury. Subtle
malalignment such as widening of the tibiofibular clear space (greater than 6 mm
measured 1 cm above the tibiotalar joint), seen in syndesmotic ligament disruption
[4, 10, 24], widening of the medial ankle joint space, indicating deltoid ligament
injury, or widening of the interspace between the first and second metatarsal bases,
seen in Lisfranc ligament disruption (Fig. 1.23) [21, 25]. Weight-bearing imaging
remains a key to assessment of anatomic alignment, and stress views may be used,
especially in the hindfoot and ankle.

CT provides detail to the alignment and associated bone injuries such as the
Weber B distal fibular fracture commonly seen associated with syndesmosis liga-
ment injuries or the multiple smaller avulsion fractures along the plantar aspect of
the remaining tarsometatarsal joints [21].

Ultrasound can directly demonstrate superficial ligament injury [8]. The normal
ligament is mildly echogenic with a fibrillar architecture (Fig. 1.24) [8-10].
Ultrasound demonstrates an anechoic region with the loss of fiber continuity cor-
responding to the area of acute tear. There is often some redundancy and retraction
of the proximal and distal ligament fibers. As the ligament heals, the ultrasound will
demonstrate an evolution of ligament thickening, persistent ill-defined echogenicity,
and increased vascularity, consistent with the fibrovascular healing process [5, 9,
10]. Ultrasound can be used in evaluating joint stability in ligament injury when
imaged without and with applied stress to the associated joint.

Some ligaments are more accessible than others for evaluation with ultrasound.
For example, the anterior talofibular ligament is easily imaged, while the calcaneo-
fibular ligament is more difficult to image. Additionally, ultrasound is extremely
operator dependent with great attention to the orientation of the ultrasound trans-
ducer to avoid anisotropy (Fig. 1.25). Additionally, imaging small parts requires
specialized small, high megahertz transducer that is essential to adequately evaluate
the ligaments [7, 9].
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Fig. 1.22 Anterior talofibular ligament (ATFL) sprain. Short-axis PD-weighted imaging demon-
strates (a) a normal contoured ATFL with adjacent soft tissue edema (white arrowhead) and a small
joint effusion, representing a grade 1 sprain. (b) A partial (grade 2) ATFL tear is present near the
talar attachment (white open arrowhead). (¢) A complete (grade 3) ATFL tear is present at the talar
attachment with ligament fiber retraction (white arow). (d) ATFL demonstrates uniform ligament
thickening (white open arrow) without adjacent soft tissue edema, consistent with changes related
to prior injury

MR imaging clearly delineates the various ligaments in and around the complex
osseous anatomy of the ankle and foot [4, 10, 20, 21, 24, 26]. Attention to the
patient position and the orientation of the scanner planes will clearly demonstrate
the complex anatomy. A wide selection of coils, patient position, and pulse
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Fig. 1.23 Lisfranc fracture subluxation with fleck sign. (a) AP weight-bearing radiograph dem-
onstrates lateral subluxation of at the Lisfranc join. A small cortical avulsion fracture (black arrow-
head) is seen just medial to the second metatarsal base, sometimes referred toa a “fleck” sign. (b)
Long-axis T1-weighted imaging allows direct visualization of the disrupted Lisfranc ligament
(black open arrow). (¢) Short-axis T2 fat-suppressed imaging shows the extensive bone and soft
tissue edema with complete disruption of the Lisfranc ligament. (d) Short-axis CT demonstrates
the multiple small fracture fragments not readily seen on other imaging modalities (white
arrowheads)

sequences can be employed to accomplish the assessment. One must consider that
the ligaments take on a different orientation and appearance depending on whether
the patient is in plantar flexion or dorsiflexion, particularly in the hindfoot. The
appearance of the ligament will also depend on the timing from injury in which it
is imaged.
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Fig. 1.24 Normal ATFL
with effusion. Short-axis
ultrasound imaging of the
ATFL reveals the normal
caliber (white arrowhead)
and fine fibrillar
appearance of the
ligament. The ligament is
well seen against a small
joint effusion (white open
arrow)

Fibula

Fibula

Fig. 1.25 Anisotropy. (a) Short-axis scanning at the anteroinferior tibiofibular ligament (AITFL)
demonstrates a focal anechoic region (white open arrow) representing artifact related to scanning
technique. The organized fibers of the ligament at being scanned out of plane which creates the
apparent loss of signal that could be misinterpreted as an area of ligament disruption. (b) Correction
of the orientation of the transducer reveals the ligament to be fully intact (white arrowhead)
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Fig. 1.26 Deltoid ligament sprain. (a) Coronal STIR imaging demonstrated the uniform low sig-
nal of the normal deep deltoid ligament (white arrowhead). (b) Short-axis PD-weighted imaging
through this normal deep deltoid ligament (white open arrowhead). (¢) Coronal T2-weighted imag-
ing shows a grade 2 partial tear of the deep tibiotalar component of the deltoid ligament (white
arrow). (d) Short-axis T1-weighted imaging of the same grade 2 sprain reveals a striated intermedi-
ate signal (black arrow). (e) Coronal T2 fat-suppressed and (f) axial T2 fat-suppressed imaging
reveals a complete disruption of the anterior tibiotalar component of the deep deltoid ligament
(white open arrow)

The normal ligament is uniformly low signal on all pulse sequences. Acute injury
to the ligament will be demonstrated as intermediate to high intrasubstance signal
on proton density, and fluid-sensitive sequences with higher grade injuries demon-
strate increasing fiber disorganization and thickening of the ligament fibers.
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Fig. 1.27 High ankle sprain. (a) Axial T2 fat-suppressed imaging demonstrates grade 2 sprain of
the anterior tibiofibular ligament with intermediate signal in the ligament (white arrowhead).
Adjacent soft tissue swelling is present. (b) Coronal T2 fat-suppressed imaging demonstrates the
tear of the inferior interosseous ligament with fluid extending proximally into the defect created by
the ligament loss (white open arrowhead). Note the disruption of the ATFL (white arrow) as well
as marrow contusion of the distal fibular tip

Complete tears are often accompanied by retraction and irregularity of the ligament
fibers (Fig. 1.26) [5, 20, 21]. As the ligament begins to heal, the ligament contour is
thickened with loss of defined ligament fibers and typically with peri-ligamentous
edema. This tends to evolve over time with decrease in ligament contour and
decrease in ligament signal [10]. Associated bone marrow contusions may be pres-
ent in addition to the soft tissue injuries (Fig. 1.27).

In the forefoot, the complexity of the capsule and pericapsular ligaments requires
a detailed knowledge of that anatomy regardless of the modality (Fig. 1.28).
Attention to the orientation of the specific joint in question requires attention to
three dimensions to maximize anatomic detail, and a very focused small FOV will
yield the needed detail [22, 23, 27, 28].



26 C.L.Andrews et al.

Fig. 1.28 Turf toe. Sagittal T2 fat-suppressed imaging through the (a) medial sesamoid and (b)
lateral sesamoid demonstrates complete disruption of the medial (white arrowhead) and lateral
(white open arrowhead) plantar plate. (¢) Short-axis T2 fat-suppressed imaging demonstrates the
soft tissue edema and disruption of the sesamoid-phalangeal ligaments (white arrows)

Summary

Understanding of normal anatomy of the tendons and ligaments and the histopathol-
ogy of acute and chronic injury facilitates selection and interpretation of diagnostic
imaging. Each imaging modality plays a specific role in the assessment of injuries
of the ankle and foot. Radiographs provide information about alignment and bone
injury with indirect information about the soft tissues. CT demonstrates detailed
osseous information. Ultrasound demonstrates detailed anatomic information about
ligaments and tendons, and while it is operator dependent, it is the one tool that
provides dynamic information. MRI serves as excellent data regarding acute and
chronic soft tissue injury as well as subtle bone injury.



1

Imaging of Soft Tissue Injuries of the Foot and Ankle 27

References

L.

2.

10.

11.

12.

13.

14.

15.

16.

17.

Sofka CM. Technical considerations: best practices for MR imaging of the foot and ankle. Magn
Reson Imaging Clin N Am. 2017;25(1):1-10. https://doi.org/10.1016/j.mric.2016.08.001.
Bruno F, Arrigoni F, Palumbo P, Natella R, Splendiani A, Di Cesare E, Guglielmi G, Masciocchi
C, Barile A. Weight-bearing MR imaging of knee, ankle and foot. Semin Musculoskelet
Radiol. 2019;23(6):594-602. https://doi.org/10.1055/s-0039-1697940.

. Tuominen EKJ, Kankare J, Koskinen SK, Mattila KT. Weight-bearing CT imaging of the lower

extremity. AJR Am J Roentgenol. 2013;200(1):146-8. https://doi.org/10.2214/AJR.12.8481.

. Kellett JJ, Lovell GA, Eriksen DA, Sampson MJ. Diagnostic imaging of ankle syndesmo-

sis injuries: a general review. J] Med Imaging Radiat Oncol. 2018;62(2):159-68. https://doi.
org/10.1111/1754-9485.12708.

. Cao S, Wang C, Ma X, Wang X, Huang J, Zhang C. Imaging diagnosis for chronic lateral ankle

ligament injury: a systemic review with meta-analysis. J Orthop Surg Res. 2018;13(1):122-35.
https://doi.org/10.1186/513018-018-0811-4.

. Krahenbuhl N, Horn-Lang T, Hintermann B, Knupp M. The subtalar joint: a complex mecha-

nism. EFORT Open Rev. 2017;2(7):309-16. https://doi.org/10.1302/2058-5241.2.160050.

. Alves T, Dong Q, Jacobson J, Yablon C, Gandikota G. Normal and injured ankle liga-

ments on ultrasonography with magnetic resonance imaging correlation. J Ultrasound Med.
2019;38(2):513-28. https://doi.org/10.1002/jum.14716.

. Sconfienza LM, Orlandi D, Lacelli F, Serafini G, Silvestri E. Dynamic high-resolution US of

ankle and midfoot ligaments: normal anatomic structure and imaging technique. Radiographics.
2015;35(1):164-78. https://doi.org/10.1148/rg.351130139.

. Taljanovic MS, Alcala JA, Gimber LH, Rieke JD, Chilvers MM, Latt DL. High-resolution US

and MR imaging of peroneal tendon injuries. Radiographics. 2015;35(1):179-99. https://doi.
org/10.1148/rg.351130062.

Linklater JM, Hayter CL, Vu D. Imaging of acute capsuloligamentous sports injuries in the
ankle and foot: sports imaging series. Radiology. 2017;283(3):644—-62. https://doi.org/10.1148/
radiol.2017152442.

Flores DV, Mejia Gémez C, Fernandez Hernando M, Davis MA, Pathria MN. Adult acquired
flatfoot deformity: anatomy, biomechanics, staging, and imaging findings. Radiographics.
2019;39(5):1437-60. https://doi.org/10.1148/rg.2019190046.

Albano D, Martinelli N, Bianchi A, Romeo G, Bulfamante G, Galia M, Sconfienza
LM. Posterior tibial tendon dysfunction: Clinical and magnetic resonance imaging findings
having histology as reference standard. Eur J Radiol. 2018;99:55-61. https://doi.org/10.1016/j.
ejrad.2017.12.005.

Docking SI, Ooi CC, Connell D. Tendinopathy: is imaging telling us the entire story? J Orthop
Sports Phys Ther. 2015;45(11):842-52. https://doi.org/10.2519/jospt.2015.5880.

Kahn KM, Cook JL, Bonar F, Harcourt P, Astrom M. Histopathology of common tendinopa-
thies. Update and implications for clinical management. Sports Med. 1999;27(6):393-408.
https://doi.org/10.2165/00007256-199927060-00004.

Varghese A, Bianchi S. Ultrasound of tibialis anterior muscle and tendon: anatomy, technique
of examination, normal and pathologic appearance. J Ultrasound. 2013;17(2):113-23. https:/
doi.org/10.1007/s40477-013-0060-7.

Lee MH, Chung CB, Cho JH, Mohana-Borges AV, Pretterklieber ML, Trudell DJ, Resnick
D. Tibialis anterior tendon and extensor retinaculum: imaging in cadavers and patients with ten-
don tear. AJR Am J Roentgenol. 2006;187(2):W161-8. https://doi.org/10.2214/AJR.05.0073.
Rosenberg ZS, Beltran J, Bencardino JT. MR imaging of the ankle and foot. Radiographics.
2000;20:S153-79. https://doi.org/10.1148/radiographics.20.suppl_1.g000c26s153.

. Wijesekera NT, Calder JD, Lee JC. Imaging in the assessment and management of Achilles

tendinopathy and paratendinitis. Semin Musculoskelet Radiol. 2011;15(1):89-100. https://doi.
org/10.1055/s-0031-1271961.


https://doi.org/10.1016/j.mric.2016.08.001
https://doi.org/10.1055/s-0039-1697940
https://doi.org/10.2214/AJR.12.8481
https://doi.org/10.1111/1754-9485.12708
https://doi.org/10.1111/1754-9485.12708
https://doi.org/10.1186/s13018-018-0811-4
https://doi.org/10.1302/2058-5241.2.160050
https://doi.org/10.1002/jum.14716
https://doi.org/10.1148/rg.351130139
https://doi.org/10.1148/rg.351130062
https://doi.org/10.1148/rg.351130062
https://doi.org/10.1148/radiol.2017152442
https://doi.org/10.1148/radiol.2017152442
https://doi.org/10.1148/rg.2019190046
https://doi.org/10.1016/j.ejrad.2017.12.005
https://doi.org/10.1016/j.ejrad.2017.12.005
https://doi.org/10.2519/jospt.2015.5880
https://doi.org/10.2165/00007256-199927060-00004
https://doi.org/10.1007/s40477-013-0060-7
https://doi.org/10.1007/s40477-013-0060-7
https://doi.org/10.2214/AJR.05.0073
https://doi.org/10.1148/radiographics.20.suppl_1.g00oc26s153
https://doi.org/10.1055/s-0031-1271961
https://doi.org/10.1055/s-0031-1271961

28

C.L.Andrews et al.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Lin YC, Mhuircheartaigh JN, Lamb J, Kung JW, Yablon CM, Wu JS. Imaging of adult
flatfoot: correlation of radiographic measurements with MRI. AJR Am J Roentgenol.
2015;204(2):354-9. https://doi.org/10.2214/AJR.14.12645.

Crim J, Longenecker LG. MRI and surgical findings in deltoid ligament tears. AJR Am J
Roentgenol. 2015;201(1):W63-9. https://doi.org/10.2214/AJR.13.11702.

Siddiqui NA, Galizia MS, Almusa E, Omar IM. Evaluation of the tarsometatarsal joint using
conventional radiography, CT, and MR imaging. Radiographics. 2014;34(2):514-31. https://
doi.org/10.1148/rg.342125215.

Yamada AF, Crema MD, Nery C, Baumfeld D, Mann TS, Skaf AY, Fernandes ADRC. Second
and third metatarsophalangeal plantar plate tears: diagnostic performance of direct and indi-
rect MRI features using surgical findings as the reference standard. AJR Am J Roentgenol.
2017;209(2):W100-8. https://doi.org/10.2214/AJR.16.17276.

Nery C, Baumfeld D, Umans H, Yamada AF. MR imaging of the plantar plate: normal anat-
omy, turf toe, and other injuries. Magn Reson Imaging Clin N Am. 2017;25(1):127-44. https://
doi.org/10.1016/j.mric.2016.08.007.

Walter WR, Hirschmann A, Alaia EF, Tafur M, Rosenberg ZS. Normal anatomy and trau-
matic injury of the midtarsal (Chopart) joint complex: an imaging primer. Radiographics.
2018;39:136-52. https://doi.org/10.1148/rg.2019180102.

Sripanich Y, Weinberg MW, Krahenbuhl N, Rungprai C, Milles MK, Saltzman CL, Barg
A. Imaging Lisfranc injury: a systematic literature review. Skelet Radiol. 2020;49(1):31-53.
https://doi.org/10.1007/s00256-019-03282-1.

Ablimit A, Ding HY, Liu LG. Magnetic resonance imaging of the Lisfranc ligament. J Orthop
Surg Res. 2018;13(1):282-5. https://doi.org/10.1186/s13018-018-0968-x.

Duan X, Li L, Wei DQ, Liu M, Yu X, Xu Z, Long Y, Xiang Z. Role of magnetic resonance imag-
ing versus ultrasound for detection of plantar plate tear. J Orthop Surg Res. 2017;12(1):14-21.
https://doi.org/10.1186/s13018-016-0507-6.

Cran JM, Phancao JP. Imaging of a turf toe. Radiol Clin N Am. 2016;54(5):969-78. https://doi.
org/10.1016/§.rc1.2016.04.010.


https://doi.org/10.2214/AJR.14.12645
https://doi.org/10.2214/AJR.13.11702
https://doi.org/10.1148/rg.342125215
https://doi.org/10.1148/rg.342125215
https://doi.org/10.2214/AJR.16.17276
https://doi.org/10.1016/j.mric.2016.08.007
https://doi.org/10.1016/j.mric.2016.08.007
https://doi.org/10.1148/rg.2019180102
https://doi.org/10.1007/s00256-019-03282-1
https://doi.org/10.1186/s13018-018-0968-x
https://doi.org/10.1186/s13018-016-0507-6
https://doi.org/10.1016/j.rcl.2016.04.010
https://doi.org/10.1016/j.rcl.2016.04.010

®

Check for
updates

Turf Toe Injuries 2

Craig C. Akoh, Rishin Kadakia, and Selene G. Parekh

Introduction

Turf toe is a broad term used to describe injuries to the capsuloligamentous complex
of the first metatarsophalangeal joint (MTPJ). Turf toe injuries represent a common
forefoot injury in athletes [1, 2]. Bowers first described turf toe injuries in a case
series of West Virginia football players in 1976, reporting an incidence of 5.4 cases
of turf toe injuries per year [2]. In 1978, Coker et al. found an incidence of 6.0 cases
per year at the University of Arkansas [1]. Clanton et al. in 1986 reported an inci-
dence of 3.8 turf toe cases per year at Rice University [3]. Rodeo et al. reported that
turf toe injuries occur in up to 45% of National Football League (NFL) players [4].
Most recently, Hunt et al. found that the overall incidence of turf toe injuries in
National Collegiate Athletics Association (NCAA) foot players was 0.062 per 1000
athlete-exposures [5].

The mechanism of turf toe injuries is commonly due to a hyperflexion of the first
MTP]J, leading to disruption of the plantar capsular structures of the great toe [4].
Less commonly, sand toe injuries can be caused by hyperflexion of the first MTPJ
as a dancer lands from a jeté (leap) or landing while playing volleyball, leading to
dorsal capsule disruption [6, 7]. Traumatic hallux valgus and traumatic varus inju-
ries can occur from angular injury forces [8]. Other risk factors for sustaining turf
toe injuries include flexible shoe wear and participating in sporting activities on
artificial surfaces [1, 2, 4, 5]. Hunt et al. found that there was an 85% higher risk for
sustaining turf toe injuries on third-generation artificial grass surfaces (longer grass
fibers and a sand/rubber infill) compared to natural grass surfaces [5]. Turf toe inju-
ries can affect one’s ability to perform high-end running and cutting during athletic
activities, leading to substantial time missed from sporting activities [3, 9].
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Anatomy/Biomechanics

The hallux MTPJ capsuloligamentous complex is a complex structure composed of
both static and dynamic stabilizers. The first MTPJ bears 40-60% of one’s body
weight during ambulation [10]. Additionally, the first MTPJ absorbs up to eight
times of one’s body weight during running and jumping activities [11]. The most
important static stabilizer of the hallux MTPJ is the plantar plate apparatus, which
is a fibrocartilaginous rectangular confluence of the plantar capsule and periosteum
of the metatarsal bone [12]. Lucas et al.’s cadaveric study showed that the hallux
plantar plate originates 17.29 mm proximal to the MTPJ on the metatarsal head and
inserts 0.33 mm distal to the MTPJ onto the base of the proximal phalanx [13]. The
footprint of the distal insertion of the plantar plate is 6.33 mm in the sagittal plane.
The main function of the plantar plate is to resist dorsal subluxation of the proximal
phalanx. The sesamoid-ligamentous complex is imbedded within the plantar plate,
and it is comprised of the tibial/fibular sesamoid bones, medial/lateral collateral
ligaments, medial/lateral phalangeal-sesamoid ligaments, and intersesamoid liga-
ment (Fig. 2.1) [12, 14]. The larger tibial sesamoid is separated from the smaller
fibula sesamoid by the sesamoid crista. The sesamoid complex serves as a fulcrum
for the flexor digitorum brevis muscles to generate more power during active plan-
tarflexion of the hallux MTPJ [15]. The medial and lateral collateral ligaments pro-
vide valgus and varus stabilization to the first MTPJ, respectively. The bony
structures of the shallow concave proximal phalanx articular base and biconvex
metatarsal head also provide some static stability.

Fig. 2.1 Anatomy of

the sesamoid
capsuloligamentous
complex. Cross-sectional
view of the first
metatarsophalangeal joint
(images provided by Baofu
Wei and Ned Amendola):
metatarsal head (1), crista
(2), tibial sesamoid (3),
fibular sesamoid (4),
plantar plate (5), flexor
hallucis longus (6), medial
collateral ligament (7),
lateral collateral ligament
(8), abductor hallucis (9),
adductor hallucis (10)

G
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There are also several dynamic stabilizers of the hallux MTPJ. The flexor hallu-
cis brevis tendon splits into two tendons and inserts onto the sesamoids and plantar
plate. The adductor hallucis and abductor hallucis tendons insert into the lateral and
medial aspects of the first MTPJ, respectively. The flexor hallucis longus tendon
traverses between the tibial and fibula sesamoids, inserting onto the plantar distal
phalanx. The flexor hallucis longus tendon provides minimal support to the
first MTPJ.

Diagnosis/Clinical Evaluation

Tuft toe injuries present with vague pain and minimal swelling around their first
MTPJ that is usually elicited with pushing off the great toe during ambulation.
Hallux alignment should also be assessed for hallux valgus and hallux varus defor-
mities that are often found in chronic cases as the lateral and medial capsular struc-
tures become contracted, respectively. Physical exam includes testing the stability
of the MTPJ with dorsal and plantar drawer tests as well as varus and valgus stress
testing [11]. Flexor tendon strength should also be evaluated by holding the inter-
phalangeal joint (IPJ) in neutral and having the patient plantarflex against the exam-
iner’s finger as it resists the proximal phalanx.

Severe ecchymosis and dorsomedial skin dimpling can signify an irreducible
great toe MTPJ [16]. A prominent plantar metatarsal head along with hyperflexed
proximal phalanx can indicate a dorsal MTPJ dislocation that requires urgent reduc-
tion. Patients with plantar MTPJ dislocation of the first toe may have a dorsal meta-
tarsal head that is less prominent than dorsal MTPJ dislocations [17].

Classification/Imaging

Weight-bearing plain radiographs of the great toe should include three orthogonal
foot views (AP, lateral, and oblique) to assess for MTPJ reduction, avulsion injuries
of the MTPJ, impaction injuries, and proximal sesamoid retraction from the
MTPJ. The distal sesamoid-MTPJ distance should be no greater than 3 mm for the
tibial sesamoid and 2.7 mm for the fibular sesamoid [18]. A distal sesamoid-MTPJ
distance greater than 10.4 mm on the tibial sesamoid or 13.3 mm for the fibular
sesamoid is 99% predictive of a plantar plate rupture (Fig. 2.2) [19]. If no sesamoid
diastasis is seen and a plantar plate injury is suspected, then a dorsiflexion lateral
first MTP stress test can be utilized to assess for proximal sesamoid migration [11].
Waldrop et al. showed that 3.04 mm proximal retraction of the sesamoids occurs
during lateral dorsiflexion stress radiographs when three out of four plantar struc-
tures were injured (i.e., medial/lateral collateral ligament and medial/lateral
phalangeal-sesamoid ligaments were injured) [14]. When all four ligaments are dis-
rupted, 6.96 mm of proximal retraction of the sesamoid bones can be seen on stress
radiographs. Sesamoid axial views of the great toe are used to assess for diastasis
which is indicative of disruption of the intersesamoid ligament. Bilateral standing
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Fig.2.2 Grade III turf toe injury. AP (a) and lateral (b) plain radiographs of a patient with a grade
3 turf toe injury with associated fibular sesamoid fracture. Sesamoid fracture (white asterixis),
proximal sesamoid retraction (white arrow)

Fig.2.3 MRI imaging of
plantar plate rupture. T2
sagittal image of the hallux
MTPIJ reveals complete
disruption of the proximal
attachment of the plantar
plate (asterisks)

foot radiographs are utilized for evaluation of presence of bipartite sesamoid diasta-
sis, which is also seen in 14.3% of turf toe injuries [20]. Sesamoid diastasis greater
than 2.0 mm is concerning for a turf toe injury. Magnetic resonance imaging (MRI)
can be used in higher-grade injuries to assess for plantar plate disruption, chondral
injuries, and sesamoid edema (Fig. 2.3) [21].

Turf toe injuries can occur as a continuum of injury from a mild sprain to fracture
dislocation of the first MTPJ complex (Table 2.1). Clanton et al. described a clas-
sification system that was later modified by Anderson et al. for turf toe injuries [3,
11]. Grade 1 injuries include mild sprains with localized plantar pain and minimal
swelling. Grade 2 injuries are partial tears of the capsuloligamentous structures with
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Table 2.1 Classification of turf toe injuries

Mechanism of injury Grade Description

Hyperextension (turf 1 1. Stretching of the plantar complex
toe) 2. Localized tenderness, minimal swelling, no ecchymosis
2 1. Partial plantar plate tear
2. Diffuse swelling, ecchymosis, restricted ROM
3 1. Complete tear

2. Severe tenderness and ecchymosis
3. Positive anterior drawer test
4. Sesamoid injuries (retraction, fracture, bipartite diastasis)

4A 1. Traumatic hallux valgus
4B 1. Traumatic hallux varus
Hyperflexion (sand toe) N/A
Dislocation I 1. Dislocation of the hallux with the sesamoids entrapped in
the MTPJ

2. No disruption of the intersesamoid ligament
3. Usually irreducible
ITA 1. Associated disruption of intersesamoid ligament.
2. Usually reducible
1B 1. Sesamoid fracture
2. Usually reducible
1IC 1. Complete disruption of intersesamoid ligament or sesamoid
fracture
2. Usually reducible

Adapted from Anderson [27]

associated swelling and restricted range of motion. Grade 3 injuries are complete
tears of the capsuloligamentous complex with diffuse swelling and dorsal pain.
Patients with grade 3 turf toe injuries usually have the inability to bear weight on
their medial foot. We proposed additional grade 4 injuries to represent traumatic
angular injuries. Grade 4A injuries include traumatic hallux valgus, while grade 4B
injuries represent traumatic hallux varus deformities.

Severe turf toe injuries can also present with plantar [17], dorsal [22], or lateral
[23-25] first MTPJ dislocations. Jahss described a classification system for trau-
matic dorsal first MTPJ dislocations. Type I dislocations involve disruption of the
plantar plate from the metatarsal head. The metatarsal head buttonholes plantarly
through the capsular defect, and the sesamoids become entrapped dorsally over the
metatarsal head. Type I injuries are often irreducible and require surgery [22, 26].
Type 1II dislocations involves disruption of the intersesamoid ligament, leading to
wide diastasis of the sesamoid (type ITA) or sesamoid fracture (type IIB). Type II
injuries are usually reducible. Type IIC dislocations are a variant of both IIA and IIB
first MTP dislocations [27].

Treatment
Nonoperative

Treatment for turf toe injuries is dictated by the severity of injury and level of activ-
ity of the patient [28]. Nonoperative treatment includes a period of rest, ice,
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immobilization in plantarflexion, and activity modification [18, 29]. Buddy tapping
the great toe to the adjacent digit can provide adequate stability and pain relief dur-
ing ambulation for low-grade turf toe injuries. Rigid soled shoes, orthotics, and
anti-inflammatory medications should also be utilized to limit first MTPJ hyper-
dorsiflexion and reduce inflammation [29]. Lidocaine-only injections have been
shown to be a pregame diagnostic tool for turf toe injuries of in-season athletes of
turf toe injuries. Clanton et al.’s original algorithm recommended 1-2 days of rest
and early range of motion for grade 1 injuries, grade 2 injuries required up to
2 weeks of rest, and grade 3 injuries required 3—6 weeks of rest [3, 29]. In some
cases, severe turf toe injuries can take up to 6 months before full recovery occurs
[30]. Patients with grade 3 injuries should exhibit 50-60 degrees of painless passive
dorsiflexion of the first MTPJ before return to high-impact activity. Unsuccessful
nonoperative treatment of severe turf toe injuries can lead to decreased first MTPJ
dorsiflexion and higher peak hallux pressures during ambulation [9]. Long-term
sequalae from turf toe injuries include persistent pain, hallux rigidus, traumatic hal-
lux valgus, and traumatic hallux varus [3, 4, 30].

Operative

Operative treatment for turf toe injuries is reserved for unstable injuries [5, 31, 32].
Anderson et al. stated that the indications for surgery include grade 3 injuries with
significant sesamoid retraction, large capsular avulsions with an unstable MTPJ,
bipartite sesamoid diastasis, sesamoid fracture, chondral injury, loose bodies, and
persistent pain despite conservative treatment (Table 2.2) [11, 28]. We also pro-
posed that patients with traumatic hallux valgus and hallux varus injuries represent
an unstable injury pattern and should also undergo surgical intervention with the
goal of treatment is to restore anatomy, optimize return to play, and prevent the
sequalae of inadequate treatment of turf toe injuries. For direct plantar plate repair,
the patient is placed in the supine position, and two surgical approaches can be uti-
lized for surgical treatment of tuft toe injuries. A medial L-shaped is made longitu-
dinal over the hallux and transversely at the plantar aspect of the MTPJ joint
(Fig. 2.4) [33]. Another option is to perform dual incisions, with a medial hallux and
plantar first web space incision [11]. Care is taken to protect the plantar digital nerve

Table 2.2 Indications for surgical treatment of turf toe injury

. Grade III injuries with significant sesamoid retraction

. Large capsular avulsions with an unstable hallux MTPJ
. Bipartite sesamoid diastasis

. Displaced sesamoid fracture

. Chondral injury

. Loose body

. Traumatic hallux valgus deformity

. Traumatic hallux varus deformity

. Persistent pain despite conservative treatment

Adapted from McCormick and Anderson [10]

N=ieSHEN le WU R SOV S I



2 TurfToe Injuries 35

Fig.2.4 L-shaped incision
for plantar plate repair

and dorsomedial nerves. A longitudinal capsulotomy is made at the interval between
the metatarsal head and the sesamoid complex. The sesamoid complex is inspected
thoroughly for concomitant injuries. A primary repair can be performed with non-
absorbable suture if adequate plantar plate tissue is available. In chronic cases with
attenuated tissue, a plantar plate reconstruction may be required involving decorti-
cating the base of the proximal phalanx, placing a suture anchor, and advancing the
plantar plate into the base of the proximal phalanx with several nonabsorbable mat-
tress sutures. The plantar plate is advanced and fixed with the MTPJ in slight plan-
tarflexion. After fixation of the plantar plate, an anterior-posterior MTPJ drawer test
is performed to ensure the stability of the MTPJ is reestablished. In cases of a dis-
placed sesamoid fracture or bipartite sesamoid with diastasis, fixation with a mini-
fragment screw or sesamoidectomy is indicated [30, 31]. Clanton [30] and later
Anderson [28] described performing an interposition of the abductor hallucis into
the sesamoidectomy defect to restrain dorsiflexion of the hallux MTPJ.

In cases of traumatic hallux valgus injuries, the medial stabilizing structure is
injured, and a medial longitudinal incision is made along the hallux MTPJ (Fig. 2.5)
[34]. Upon dissection onto the capsule, the surgeon will encounter disrupted medial
collateral ligament and flexor hallucis brevis tendon injury. A medial capsulotomy
is performed, and the sesamoid complex is evaluated. Resection of the medial emi-
nence (Silver’s bunionectomy) is performed to allow for the medial capsule to be
imbricated in order to restore the balance of the hallux. If possible, the flexor hal-
lucis brevis is repaired to augment the medial stability. A separate longitudinal dor-
sal incision is made along the first web space in order to perform a modified McBride
procedure to pie crust the lateral collateral ligament and the adductor hallucis ten-
don [18, 34]. Partial release of the lateral structures aids in the restoration of the soft
tissue balance of the hallux MTPJ.

The treatment of traumatic hallux varus injuries involves stabilizing the injured
lateral structures of the MTPJ (Fig. 2.6). A dorsal longitudinal incision is made
along the first web space. The adductor tendon is identified, and it is often torn along
with the lateral collateral ligament and flexor hallucis brevis tendon. A formal
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Fig. 2.5 Traumatic hallux valgus correction. Preoperative alignment showing hallux valgus (a).
Planned L-shaped incision to address the plantar plate injury (b). A longitudinal medial capsulot-
omy is made just plantar to midline to access the sesamoid complex and collateral ligament inju-
ries (¢). The medial eminence of the metatarsal head is resected using a small sagittal saw (white
asterisks) (d). Two Sonic Anchors (Stryker, New Jersey) were placed at the base of the medial
proximal phalanx (e). Repair of the abductor hallucis tendon and collateral ligament to the proxi-
mal phalanx anchors (f)

lateral longitudinal capsulotomy is performed. The base of the proximal phalanx is
decorticated, and an anchor is placed laterally. The lateral structures are repaired
onto the lateral anchors. The medial capsule and medial collateral ligament are pie
crusted to reestablish the soft tissue balance of the hallux. Intraoperative fluoro-
scopic images are taken to confirm hallux alignment. Another treatment option is to
perform an extensor hallucis brevis (EHB) tenodesis as described by Myerson [35].
A dorsal longitudinal incision is made over the first web space, and the EHB tendon
is divided at the myotendinous junction. The EHB tendon is then routed plantar to
the transverse metatarsal ligament and attached to the metatarsal shaft under tension.

Postoperatively, the foot is immobilized in a short leg splint with the great toe in
plantarflexion for 4 weeks. Protected weight-bearing in a postoperative shoe or
CAM boot is initiated from 4-8 weeks post-operation, along with gentle passive
plantarflexion range of motion. At 8 weeks, the patient can weight bear as tolerated
in a carbon fiber insert (Fig. 2.7). Gradual sporting activities are initiated at 3 months
with buddy tapping and graphite insoles to limit dorsiflexion. Normal shoe wear
without an insole is allowed at 6 months. Serial plain radiographs should be obtained
during the postoperative course to assess for sesamoid retraction and hallux MTP
arthritis.
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Fig. 2.6 Traumatic hallux valgus correction. Preoperative alignment showing hallux varus defor-
mity (a). Planned dorsal longitudinal incision over the first web space to address the lateral plantar
plate injury (b). Dorsal dissection at the first web space reveals significant disruption of the lateral
collateral ligament structures (¢). One Sonic Anchors (Stryker, New Jersey) were placed at the base
of the medial proximal phalanx and metatarsal head (d). Intraoperative alignment showing
improved hallux alignment after repair of the lateral collateral ligament, flexor digitorum brevis,
and medial capsule pie crusting (e)

Hallux MTP Dislocation Treatment

Individuals that present with a frank first MTP joint dislocation require urgent
reduction to reduce vascular compromise and to relieve pressure on tented skin [16].
Reduction is achieved by recreating the deformity (i.e., dorsiflex the first MTPJ for
dorsal dislocation) followed by translating the proximal phalanx plantarly to reduce
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Fig. 2.7 Carbon sole .
insert &'i
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the joint. Postreduction plan radiographs should be obtained to confirm reduction of
both the first MTPJ and sesamoid complex. Incarcerated sesamoid or irreducible
joint can undergo a trial of MTPJ saline insufflation and reduction [36]. Usually,
irreducible MTPJ dislocations require open reduction, where a dorsal longitudinal
incision is often utilized to avoid damaging displaced plantar neurovascular struc-
tures and for ease of access of dorsal MTPJ dislocations [22, 37]. A mid-axial
medial approach can also be utilized to access plantar and dorsal structures if
needed. The dorsal capsule should be dissected, and any entrapped structures such
as the adductor hallucis tendon or deep transverse metatarsal ligaments should be
removed in order to achieve a concentric reduction [22].

Surgical Complications

Complications from the surgical treatment of turf toe injuries include transient neu-
ritis of the plantar digital nerve, stiffness with prolonged immobilization, re-rupture
of the plantar plate with aggressive rehabilitation, cock-up hallux deformity, and
sesamoid retraction [28]. Persistent pain and subsequent hallux rigidus can also
occur [3].

Evidence Base/Critical Appraisal of the Literature

A comprehensive literature search was performed, with no time limit to maximize
the pool of work available, conforming to the PRISMA statement. The databases
used were PubMed, CINAHL, and EMBASE computerized literature databases.
Searches were executed comprising all years, from database inception through
October 2021. The following search terms were utilized: turf toe, traumatic hallux
varus, traumatic hallux valgus, metatarsophalangeal joint sprain, death toe, and
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metatarsophalangeal joint dislocation in human studies. This resulted in 886 arti-
cles. Excluded articles included abstracts not involving humans, review articles,
case reports, non-English articles, and studies lacking clinical outcomes. The search
found a literature review of turf toe injuries, which provided further articles that
were included, providing eight studies available for analysis. This included 126
patients (135 feet) (Table 2.3).

Nonoperative

Turf toe injuries alter normal foot biomechanics and can lead to significant limita-
tions in running, cutting, and other sporting activities [2, 9]. Bowers et al. were the
first to publish a case series of 27 turf toe injuries in collegiate football athletes at
West Virginia University [2]. He found that from 1970 to 1974, there were 5.4 low-
grade turf toe injures per year in a population of 570 football players. Injured play-
ers were treated with immediate ice and protective taping. Players were allowed to
progress their return to play in stiff sole shoes after symptoms resolved. The authors
concluded that flexible shoe wear and artificial grass predisposed players to turf toe
injuries.

Coker et al. published a prospective study at the University of Arkansas from
1972 to 1974 [1]. They reported on 18 turf toe low-grade and high-grade injuries
during a 3-year period compared to 74 ankle sprains. Nonoperative treatment
included ice, compression, and immobilization depending on the severity of the
injury. Operative treatment was performed for chronic injuries with capsular rup-
tures. Operative treatment included plantar plate repair, debridement, and loose
body removal. Once case of a sesamoid fracture underwent an isolated sesamoidec-
tomy. Return to play included progression from running in place to cutting activities
with a spring steel shoe insert. Turf toe injuries missed a total of 92 practices and 7
games during the study period. Return to play was highly variable in the study
cohort, occurring anywhere from 3 weeks to several months. Demographic informa-
tion was not reported in this study.

Clanton et al. reported on 62 forefoot injuries in 53 athletes at Rice University
from 1971 to 1985 [3]. Injuries varied from mild sprains to avulsion fracture plantar
plate injuries. Approximately 96% of forefoot injuries occurred in football players,
with over 80% of injuries involving the hallux MTPJ. Approximately 60% of hallux
injuries were from hyperextension injuries, while 4% occurred during plantarflex-
ion. Treatment included ice, taping, anti-inflammatory, and gradual return to sports.
At 5 years of follow-up, 95% of players returned to sports, missing an average of
6 days of athletic participation. There was one case of an avulsion fracture of the
base of the proximal phalanx that underwent surgical intervention, subsequently
missing 56 days of athletic activities. Although follow-up was incomplete, at around
10-year follow-up, two players developed progressive hallux valgus deformities as
well as several cases of stiffness and hallux rigidus.

Rodeo et al. performed a questionnaire study on 80 active NFL players that sus-
tained turf toe injuries [4]. The authors compared one team that played on artificial
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grass versus another team that played on natural grass. They found a 45% incidence
of turf toe injuries and that 85% of injures were due to hyperextension injures.
Interestingly, there was no significant difference between artificial and natural grass
playing surfaces. Significant risk factors included age (27.4 vs. 24.7 years), greater
number of years in the league (5.2 vs. 3.0 years), and greater preinjury ankle dorsi-
flexion (13.3° vs. 7.87°). Post-injury plantarflexion at the MTPJ was significantly
decreased on the affected side (22.1°) compared to the unaffected side (30.78°).

Parekh reported on the outcomes of turf toe injuries in 67 NFL players (71 inju-
ries) from 2011 to 2014 [38]. The average age at the time of injury was 26.4 years
with 40.8% of injuries occurring on natural grass, 40.8% occurring on artificial turf,
and 18.4% on an unidentified surface. The cohort averaged 3.2 games missed, with
8 out of 67 (11.9%) players placed on injured reserve and 9 out of 67 (13.4%) of
players required surgical intervention. The average power rating pre-injury (7.3 per
game) and post-injury (8.1 per game) was not significantly different. The authors
concluded that NFL players had similar performance after treatment of turf toe
injuries.

Operative

Operative treatment is rare and is typically reserved for unstable injury patterns [28,
32]. George et al. performed a retrospective database study from the NCAA Injury
Surveillance System from 2004 to 2005 and 2008 to 2009 [5]. They found that only
1.7% of turf toe injuries required surgical intervention. Direct plantar plate repair
can be performed in the acute setting when adequate plantar plate tissue is present
[39, 40]. If the plantar plate tissue is attenuated, then plantar plate advancement to
the proximal phalanx with bone tunnels [33] or anchors [32] can be utilized.
Sesamoidectomy can performed for sesamoid fractures or bipartite sesamoids with
significant diastasis [30, 31].

Lee et al. retrospectively reported on 32 patients that underwent isolated tibial
sesamoidectomies for sesamoiditis [41]. There was a 62.5% follow-up at an average
of 62 months postoperatively. At follow-up, there was no significant change in clini-
cal alignment, range of motion, or radiographic differences in hallux MTPJ align-
ment. There were no significant differences in plantar pressures at the hallux MTPJ
or plantarflexion push-off strength. Similarly, Ford et al. reported on 87 patients that
underwent isolated fibular sesamoidectomies for sesamoiditis, avascular necrosis,
and nonunion [42]. At a minimum of 2-year follow-up, there was no significant dif-
ference in clinical or radiographic hallux alignment. Additionally, 70% of patients
were very satisfied with their surgery.

Easley et al. [40] performed a retrospective case series on five collegiate football
players that sustained turf toe injuries. On MRI imaging, three out of the five patients
sustained high-grade plantar plate injuries. One offensive redshirt senior underwent
surgical intervention after completing his senior year due to persistent symptom
returned to football activities at 5 months and was able to participate in professional
football camps without restrictions. A freshman wide receiver underwent plantar
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plate repair, intersesamoid ligament repair, and abductor tendon repair 10 days post-
injury. He was able to return to football activities at 12 weeks and returned to com-
petition the following football season. A junior fullback sustained an unstable turf
toe injury with complete plantar plate rupture and underwent direct repair. He
returned to football activities at 12 weeks and returned to full playing activities at
18 weeks postoperatively. He did continue to have discomfort with terminal hallux
MTPJ dorsiflexion.

Smith and Waldrop conducted a short-term retrospective study on 15 competitive
football players with grade 3 acute (67%) or chronic (33%) turf toe injuries from
2012 to 2016 [32]. Surgical intervention included repair of the phalangeal-sesamoid
ligament distal to the sesamoids. If a bipartite sesamoid or sesamoid fracture was
encountered, a sesamoidectomy was performed in conjunction with an abductor
tendon transfer. The average age of the cohort was 19.3 years old with a body mass
index (BMI) of 32.3. Surgery was performed at an average time of 9.5 weeks post-
injury. There was a 93% follow-up rate at an average of 27.5 months. The average
time missed from athletic activity was 16.5 weeks, with 78.6% of the cohort return-
ing to football activities. Dorsiflexion range of motion at the hallux MTPJ was 42.3,
the average AOFAS hallux score was 91.3, and visual analog score (VAS) was 0.7
at the time of final follow-up. There was one player that underwent reoperation.

Covell et al. performed a retrospective study of 19 male elite athletes that under-
went operative treatment of traumatic hallux valgus deformities from 2006 to 2015
[34]. The cohort included 12 NFL players, 6 collegiate athletes, and 1 high school
athlete with an average age of 24.4 years old. All injured players underwent a first
MTPJ medial collateral ligament repair and McBride bunionectomy. Concomitant
procedures included three tibial sesamoidectomies, one tibial sesamoid bone graft-
ing, eight flexor hallucis brevis reconstructions with abductor hallucis tendon trans-
fers, six cheilectomies, one first metatarsal head chondroplasty, and one loose body
removal. There was a 74% return to preinjury activity at an average time of
3.4 months postoperatively. Five of the 14 athletes that went on to return to play
postoperatively subsequently retired. One NFL player retired after six seasons, one
after three seasons, one after two seasons, and one after one season of play postop-
eratively. A collegiate baseball player retired after one season of play.

The most common cause of hallux varus is iatrogenic after bunion correction
[43]. However, the surgical treatment of traumatic hallux varus deformities is lim-
ited to case reports [44, 45]. Cheung et al. published their case report on a 68-year-
old female that sustained a traumatic hallux varus deformity after stubbing her left
great toe on a door laterally [45]. She was seen 5 weeks after her injury, and plain
radiographs revealed an avulsion fracture of the lateral base of the proximal pha-
lanx. She underwent delayed traumatic hallux valgus repair 5 months post-injury.
An arthroscopic evaluation revealed synovitis without cartilage damage. A mini-
mally invasive extensor digitorum brevis tenodesis of the hallux MTPJ and subperi-
osteal medial capsule release were performed. And plantar plate tenodesis of the
second MTPJ was performed. The patient was non-weight-bearing for 4 weeks and
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Fig. 2.8 Evidence-based turf toe treatment algorithm

then progressed to normal shoe wear by 2 months postoperatively. At 31 months
follow-up, the patient had no pain and had maintained their hallux varus correction.
Barp et al. published a case report of a 33-year-old male that sustained a left trau-
matic hallux varus deformity after sustaining a pivoting injury to his great toe. MRI
imaging revealed a rupture of the adductor hallucis tendon at the base of the proxi-
mal phalanx without any fracture. The patient underwent suture augmentation of the
lateral MTPJ structures. The patient was made non-weight-bearing for 2 weeks and
then progressed to full weight-bearing by 4 weeks postoperatively. At 3 years clini-
cal follow-up, the patient had maintained his correction and had good hallux MTPJ
range of motion.

Final Treatment Algorithm (Fig. 2.8)
Grade 1

* Conservative treatment

*  We recommend rest, ice, NSAIDS, and activity modification to avoid hyper-
dorsiflexion of the hallux.

* Buddy tapping the great toe to the adjacent digit can provide adequate stabil-
ity and pain relief during ambulation.

» Rigid-soled shoes and orthotics to limit first MTPJ hyper-dorsiflexion.

» Lidocaine-only injection can be utilized for in-season athletes right before
competition.

e Return to play is usually 1-2 days after symptoms resolve.
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Grade 2

¢ Nonoperative Treatment
e We recommend nonoperative treatment for 2 weeks (see grade 1 algo-
rithm above).
e Surgical treatment
*  We recommend surgical treatment in high-level athletes for chronic injuries
with recalcitrant to conservative treatment.
e Our recommended surgical approach is to perform an L-shaped incision or
dual incisions (medial mid-axial and plantar first web space).
e Direct plantar plate repair can be performed with nonabsorbable suture if
good cuff of tissue is present.
¢ Plantar plate advancement should be performed if plantar plate is attenuated.
The plantar plate is advanced by placing suture anchors into the proximal
phalanx, and the plantar ligament complex is advanced.

Grade 3

e Nonoperative treatment
e We recommend nonoperative treatment with immobilization in a toe spica
cast with the hallux MTPJ in plantarflexion for 6 weeks (see grade 1 algo-
rithm above).
¢ Acute operative treatment
*  We recommend acute operative treatment in patients with significant hallux
MTP]J instability, chondral injury, loose body, sesamoid fracture, bipartite
sesamoid diastasis, or sesamoid retraction.
e Our recommended surgical approach is to perform an L-shaped incision or
dual incisions (medial mid-axial and plantar first web space).
e Direct plantar plate repair can be performed with nonabsorbable suture if
good cuff of tissue is present.
 Plantar plate advancement should be performed if plantar plate is attenuated.
The plantar plate is advanced by placing suture anchors into the proximal
phalanx, and the plantar ligament complex is advanced.
e Sesamoid fracture can be fixed with small mini-fragment screws or excised.

Grade 4

¢ Traumatic valgus deformity (4A)
e Our recommended surgical approach is to perform an L-shaped incision or
dual incisions (medial mid-axial and plantar first web space).
*  We recommend performing a Silver bunionectomy, abductor hallucis repair,
medial plantar plate repair, and flexor digitorum brevis repair utilizing anchor
placement.
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 In order to improve soft tissue balancing of the hallux MTPJ, we imbricate the
medial capsule and partially release the lateral capsule.
¢ Traumatic varus deformity (4B)

e Our recommended surgical approach is to perform a longitudinal first dorsal
web space incision.

e We utilize anchor placement at the base of the proximal phalanx and metatar-
sal head for adductor hallucis, lateral collateral ligament, lateral plantar plate
repair, and FDB repairs.

e We perform a partial release of the medial capsule via pie crusting to reestab-
lish soft tissue balance at the hallux MTPJ.

Summary

Turf toe represents a continuum of injury to the capsuloligamentous complex of the
hallux MTPJ, commonly affecting athletes. Risk factors for sustaining turf toe inju-
ries include flexible shoe wear and artificial playing surface. Nonoperative treat-
ment for low-grade injuries includes a period of rest, ice, immobilization in
plantarflexion, and activity modification. Nonoperative treatment of high-grade
injuries can lead to significant dysfunction and games missed. Indications for sur-
gery include unstable injuries, associated fractures, and angular deformities.
Surgical treatment of turf toe injuries leads to satisfactory clinical outcomes.
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Adam E. Fleischer, Rachel H. Albright, Erin E. Klein,
and Lowell Weil Jr

Introduction

Plantar plate injury and subluxation of the lesser metatarsophalangeal (MTP) joint
are a relatively common phenomenon [1-3], and growing attention has been given
to this problem in recent years as evidenced by the fivefold increase in the number
of publications with “plantar plate” in their title in just the past 5 years. Injuries to
the plantar plate can allow for advancement of hammertoe deformities and have
become increasingly recognized also for their role as pain generators [3—-6]. As a
result, primary repair of the tissue and restoration of the anatomy, as opposed to
indirect repair (e.g., flexor to extensor tendon transfer), have become an increas-
ingly more common practice among foot and ankle surgeons around the world [2].

The vast majority of patients who present with this problem are women between
45 and 60 years of age [7, 8]. The previous and/or current use of high heeled shoes
is common, but not always described [8]. Patients may have had a previous first ray
surgery without complete restoration of motion at the first MTP joint [9], limiting
the patient’s ability to fully load the first MTP joint, leading to lateralization of pres-
sure while walking. History of cortisone injection in the lesser MTP joints is also
believed to exacerbate and accelerate plantar plate pathology [9]. The pathogenesis
and progression of plantar plate injuries are closely linked to the magnitude and
duration of weight-bearing stress encountered at the lesser MTP joint. Although
conceivably anything that contributes to overloading of the lesser MTP joints will
contribute to the development of plantar plate injuries (e.g., high heels, limited
ankle joint dorsiflexion, first ray insufficiency, etc.), the role of the long second
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metatarsal cannot be overstated and should be addressed intraoperatively whenever
possible [10-14].

Advanced imaging has evolved over the years within the forefoot. Magnetic reso-
nance imaging (MRI) and ultrasound are important for localizing and confirming the
presence of plantar plate injuries, especially when faced with an equivocal clinical
exam. Similarly, operative treatment has been refined over the years and now includes
a multitude of techniques and approaches; however, the most widely reported and
studied method (and our preferred method) involves direct repair of the plantar plate
through a single dorsal incision and lesser metatarsal shortening (Weil) osteotomy.

The majority of plantar plate injuries are chronic (i.e., progressive) in nature,
although acute injuries do occasionally occur. This chapter is written with a focus
more on chronic injuries particularly of the second MTP joint (the most common
location) in mind. But most of the same principles apply to the diagnosis and manage-
ment of acute injuries (and those involving other lesser MTP joints) as well. Knowing
when and how to repair plantar plate injuries can be an excellent addition to the foot
and ankle surgeon’s armamentarium. This chapter will review the basic anatomy,
clinical and diagnostic pearls, and surgical approaches supported in the literature.

Anatomy

The plantar plate is a primary stabilizing structure of the lesser MTP joints. It mea-
sures approximately 20 mm long, 9 mm wide, and 2 mm thick and is situated plantar
to the metatarsal head [15-17]. Distally, the attachment to the proximal phalanx is
stout, thick, and can have one or two bundles of fibers [16]. The proximal aspect of
the plantar plate contains tissue that is thinner and more mobile and blends with the
periosteum of the second metatarsal [16].

The dorsal surface of the plantar plate has an articular-like structure composed
primarily of type 1 collagen (which resembles fibrocartilage) [15—17]. The fibers on
the dorsal surface of the plantar plate are orientated in a longitudinal fashion, which
run parallel to its overall anatomic course. The plantar third of the plantar plate has
fibers that are organized in a transverse fashion to facilitate the attachments of the
plantar plate to the deep transverse metatarsal ligament and is adjacent to the long
flexor tendon and its tendon sheath [15-18] (Fig. 3.1).

The plantar plate receives several attachments (directly and indirectly) from sur-
rounding soft tissue structures which assist with stabilizing the MTP joint. For
example, the medial and lateral aspects of the plantar plate are continuous with both
the deep transverse metatarsal ligament (DTML) and the collateral and suspensory
ligaments. The DTML runs medial to lateral across the foot and provides a strong
ligamentous structure that prevents undue splaying of the forefoot [19] and is a criti-
cal component of the stability of the lesser MTP joints [18, 20, 21]. Cadaveric dis-
section has identified that sectioning of the DTML may decrease the force needed
to dislocate the lesser MTP joint [18, 20].

Additionally, the metatarsoglenoid (suspensory) ligament attaches to the inferior
posterior portion of the metatarsal head tubercle and widens as it courses inferiorly
to attach to the plantar plate [22]. The lesser MTP joint also has two collateral
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Fig.3.1 Dorsal and plantar appearance of the plantar plate along with its distal (green arrows) and
proximal attachments (pink arrows)

Fig. 3.2 The suspensory (pink lines) and collateral (blue arrows/lines) ligaments of the lesser
MTP joint

ligaments on each side of the metatarsal head (medially and laterally) which course
anteriorly and inferiorly to attach to the plantar medial or plantar lateral portion of
the base of the proximal phalanx. The collateral MTP ligament attaches to the ante-
rior superior portion of the tubercle located immediately proximal to the medial or
lateral expansion of the articular cartilage on the metatarsal head. The collateral
MTP ligament courses anteriorly and inferiorly to attach to the plantar medial or
plantar lateral portion of the base of the proximal phalanx in close proximity to the
plantar plate [22] (Fig. 3.2). The collateral ligaments also play an important role in
stabilizing the lesser MTP joints in the sagittal plane [20]. Ruptured collateral liga-
ments are a common finding in cadaveric specimens with crossover toes [4, 23].
Furthermore, cadaveric studies have found that sectioning of (1) only the plantar
plate, (2) only the collateral ligaments, and (3) both the plantar plate and collateral
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ligaments decreases the amount of force needed to dislocate the second MTP joint
by 30%, 46%, and 80%, respectively [20].

The plantar plate also has an important relationship with the plantar fascia. The
plantar fascia divides into superficial and deep layers at the level of the necks of the
metatarsals [19, 24]. Distally, the deep and superficial layers of the five digital slips
encompass the flexor tendons [22, 24]. The combination of the plantar fascia, the
plantar plate, and the flexor tendons enables plantarflexion at the lesser MTP joints
as the flexor tendons have no direct attachment to the metatarsal head or the proxi-
mal phalanx in this region.

Finally, the main blood supply to the metatarsal head enters the neck of the meta-
tarsal slightly proximal to the tubercle and the attachment of the collateral ligaments
[25]. Care should be taken to avoid serious disruption in this anatomic region during
metatarsal osteotomies (Fig. 3.3). It is important also to recognize the proximity of
the interdigital nerve to the joint capsule in this area of the forefoot. If there is capsu-
lar distension or alteration in joint anatomy, the nerve too can become compressed,
resulting in neuroma-like symptoms in the absence of a true neuroma formation.

Diagnosis/Clinical Evaluation

Patients present with sharp and sometimes dull pain beneath one or more of the lesser
metatarsal heads, the associated sulcus, and/or base of the proximal phalanges [8, 9].
Pain generally increases in severity as the magnitude of the joint/toe deformity pro-
gresses but can be minimal once the toe dislocates fully [8]. Also, burning neuritic
symptoms are not uncommon and can be attributed to plantar plate subluxation and
localized capsular edema and irritation of the adjacent digital nerve [17, 21].

As the injury to the plantar plate progresses, patients will exhibit weakness with
plantar flexion strength at the MTP joint [8, 9]. This can be evaluated using a plantar
grip test [8]. This test is performed by asking patients to grip and hold a piece of

Fig. 3.3 The blood supply
to the metatarsal head (red
arrows) and its relationship
to the suspensory (pink
arrow) and collateral (blue
arrow) ligament
attachments on the
metatarsal head
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paper to the ground with the injured toe while the examiner tries to pull it away.
Additionally, lack of toe purchase during weight-bearing stance may become appar-
ent as the deformity advances [8, 9]. Finally, splaying or separation of the affected
toe and adjacent toes upon weight-bearing can also be found in advanced plantar
plate injuries [18, 19, 26]. This is due to the disruption of the plantar plate and desta-
bilization of the transverse tie bar (described by Stainsby) [19] and DTML appara-
tus which allows the affected toe and its adjacent toe to drift apart (Fig. 3.4).

Lesser MTP joint stability should also be assessed using a drawer maneuver
(Fig. 3.5). This is a vertical stress test [27]. When the test is performed, the nondomi-
nant hand should hold the forefoot stable with the ankle at 90°. The dominant hand
should firmly grasp the proximal phalanx and displace the proximal phalanx vertically
on the metatarsal head. In equivocal cases, displacement can be compared to the con-
tralateral MTP joint (if unaffected) or an adjacent lesser MTP joint. A positive drawer
test is highly suggestive of underlying plantar pate injury with a reported specificity of
99.8%, while a negative drawer, by itself, is not enough to rule pathology out [9].

In cases of progressive plantar plate injury, anterior-posterior (AP) foot X-rays
will many times demonstrate a long second metatarsal relative to the first metatar-
sal. This is important as a long the second metatarsal significantly increases the load
beneath the second metatarsal head during ambulation [14] (Fig. 3.6). Using the
method of Nilsonne [28] to quantify second metatarsal length (in relation to the
first), we previously found that a difference greater than 4 mm was associated with
a 2.5x greater risk (multivariate odds ratio 2.5 [95% CI: 1.8-3.3]) of developing

Non Weight Bearing R Weight Bearing

Fig. 3.4 Digital splaying and lateral deviation of the third toe is seen with weight-bearing, sug-
gesting high-grade injury to the second MTP joint plantar plate [26]
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Fig. 3.5 Dorsal drawer test is a straight vertical stress of the lesser MTP joint
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Fig.3.6 Relative length of first and second metatarsals (as measured via the method of Nilsonne)
[28] is positively associated with ratio of peak pressure for first and second metatarsophalangeal
joints (r = 0.243, p = 0.015). Longer second metatarsals (compared to the first) are given by nega-
tive values on the x-axis. Relatively higher pressures beneath the second MTP joint on the y-axis
are given by smaller values for the ratio of first MTP joint peak pressure/second MTP joint peak
pressure [14]

plantar plate pathology [13] (Fig. 3.7). Metatarsal length also exhibited a dose-
response relationship in this study, meaning that the risk for plantar plate pathology
grew larger as the length discrepancy grew larger. Similarly, using the same method
of measurement, Nakagawa and colleagues [12] recently explored how Nilsonne’s
measurement correlated with rates of postoperative metatarsalgia after bunion sur-
gery. They looked at 51 patients (102 feet) with a mean follow-up of 16 months after
hallux valgus surgery and found that the optimal cutoff for avoiding postoperative
(sub-second) metatarsalgia was —3 mm, which corresponded to an area under the
curve of 0.88 and a sensitivity and specificity of 85% and 88%, respectively. This
was a very similar threshold to ours (—4 mm) using the same radiographic method
of measurement. Although other methods of assessing relative second metatarsal
length have been described, we feel the method of Nilsonne [28] is the single most
informative for operative planning.

Advancing imaging in the form of magnetic resonance imaging (MRI) and
dynamic ultrasound can be particularly useful in the diagnosis and staging of
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Fig. 3.7 Nilsonne’s
method of metatarsal
protrusion distance [28].
Standing AP X-rays are
used. The measurement
describes the distance in
millimeters between a
perpendicular line to the
longitudinal axis of the
second metatarsal at the
most distal point of the
second metatarsal head to a
parallel line that passes
through the distal most
point of the first metatarsal
head. Negative values are
reported if the distal end of
the first metatarsal is more
proximal than the distal
end of the second
metatarsal. Positive values
are reported if the distal
end of the first metatarsal
is more distal than the
distal end of the second
metatarsal

plantar plate pathology (Figs. 3.8 and 3.9). The clear advantage to ultrasound is that
it can be performed at the point of care, and it allows the examiner (many times the
surgeon him or herself) to perform drawer testing with direct visualization of the
plantar plate itself during provocation [29]. In contrast, MRI appears to be a slightly
more accurate method of diagnosing plantar plate pathology and can provide added
insight into the integrity of the joint’s additional supporting structures (e.g., collat-
eral and suspensory ligaments).

Several classification systems have been described for plantar plate injuries;
however, the most widely used is the anatomic grading system described by Nery
and colleagues [8]:

e Grade 0
e Attenuation and/or capsular dislocation of the plantar plate
e Grade 1
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Fig. 3.8 (a) The plantar plate (pink arrow) appears hypointense on MRI and has a stout distal
attachment (green arrow) with a proximal attachment that blends with the periosteum of the meta-
tarsal (red arrow). (b) Collateral ligaments (blue arrows) should appear black and taught on the
coronal images. (¢, d) Coronal MR images depicting a lateral collateral ligament tear (blue arrows)
with disruption of the lateral plantar plate (pink arrows)

Fig. 3.9 (a) The plantar plate normally appears taught and echogenic on diagnostic ultrasound
longitudinal scans. (b) When injured, it can appear thickened and hypoechoic with distortion of the
overlying long flexor tendon as seen here
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e Distal transverse lesion (adjacent to the insertion) at the proximal phalanx
(<50%); medial/lateral/central area and/or intra-substantial lesion (<50%)

e Grade 2

e Distal transverse lesion (>50%); medial/lateral/central area and/or intra-
substantial lesion (>50%)

e Grade 3

e Transverse lesion and/or extensive longitudinal lesion (may involve collateral
ligament structures)

e Grade 4

e Extensive lesion in “buttonhole” shape (displacement); combination of trans-
verse and longitudinal plate injuries

The integrity of the plantar plate and lesion configuration is determined at the
time of surgery but can also be assessed fairly accurately on dedicated MR imaging
preoperatively [30].

Treatment

Nonoperative treatment should be attempted initially, and this centers around support-
ive measures including over-the-counter and custom foot orthoses, accommodative
padding to off-load the symptomatic metatarsal head, NSAIDs, and bracing of the toe
via use of commercial splints or spicca dressings [31]. It is still unclear what role
regenerative medicine (e.g., platelet rich plasma, amniotic injections, extracorporeal
shockwave, etc.) has in this area, but it is unlikely these modalities will help much in
the treatment of severe injuries or in patients with unstable joints (i.e., positive drawer
test). Surgical treatment includes indirect repair (e.g., flexor to extensor transfers,
extensor brevis transfers, and MTP joint arthrodesis) or direct repair of the plantar
plate via a dorsal incisional approach or plantar approach. Direct repair through a
dorsal incisional approach can be performed either with [6, 12, 32-36] or without [37]
a lesser metatarsal osteotomy, and there are several methods of repairing the plantar
plate from this approach which include the use of commercially available suture pass-
ing systems, Keith needles, and angiocatheter needles [38]. The plantar plate is typi-
cally advanced/imbricated to complete the repair and may be fixated a variety of ways
(e.g., suture ties, suture button [39], suture anchor [5], and interference screw [40]).
Finally, arthroscopic management of plantar plate injuries [41] and radiofrequency
shrinkage of the injured tissue [33, 42] has also been described.

Evidence-Based/Critical Appraisal of the Literature

We performed a systematic review and meta-analysis of Medline and CINAHL
databases to examine the diagnostic performance of advanced imaging modalities
and exam findings for plantar plate injuries. We followed standard methodology for
performing a meta-analysis using the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines. Inclusion criteria included any
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original study that was published in a peer-reviewed journal that tested the diagnos-
tic accuracy for detecting a plantar plate tear using MRI, ultrasound, or dorsal
drawer test/Lachman’s test. Studies were included if they reported on the sensitivity
and specificity of one or more of the above tests. Additionally, unpublished work
was included if raw data were available. Visual inspection of the plantar plate (dur-
ing open surgery or arthroscopically) was used as the reference/gold standard.
MeSH search criterion was performed using a PubMed database of words deemed
appropriate and in relationship to plantar plate tears and the tools used to diagnose
them (see appendix for search strategy). Sensitivity and specificity were obtained
and, when possible, pooled from included studies. Summary receiver operating
characteristic curves were formed also for diagnostic tests to compare accuracy.
Study quality was assessed using the QUADAS scoring system.

The PRISMA flow diagram is depicted in the chapter appendix (Chart 3.1). A total
of 1715 unique articles were initially identified, and 10 studies [7, 30, 43—-50] met our
inclusion criteria, representing 227 plantar plates for MRI and 194 plantar plates for
ultrasound (Table 3.1). The overall study quality was good, with generally low (1 = 6)
or medium (n = 3) risk for bias across the included studies. MRI displayed a pooled
sensitivity of 89% (95% CI: 0.84, 0.93) and pooled specificity of 83% (95% CI: 0.64,
0.94). Ultrasound displayed a pooled sensitivity and pooled specificity of 94% (95%
CIL:0.89, 0.97) and 55% (95% CI: 0.38, 0.71), respectively (Fig. 3.10). Overall, the
diagnostic accuracy of MRI was slightly better than that of ultrasound (Fig. 3.11).

We found only one study that reported formally on the diagnostic performance
of a dorsal drawer test [9]. In this study, a positive drawer test was highly suggestive
of underlying injury to the plantar plate (specificity 99.8%), but a negative drawer
was less able to rule out injury (sensitivity 80.6%).

In order to provide evidence-based recommendations regarding direct opera-
tive repair of plantar plate injuries, we similarly conducted a systematic review
of studies published in Medline and CINAHL databases. We followed standard
methodology for performing a systematic review using PRISMA guidelines.
The inclusion criteria included any original study published in a peer-reviewed
journal that evaluated patients who were treated for lesser metatarsophalangeal
joint plantar plate injuries with direct repair and a follow-up time of 6 months
or greater. Included studies had to provide a clear description of the technique
used and needed to confirm the diagnosis of a plantar plate injury by either
ultrasound, MRI, or intraoperative inspection. Prospective and retrospective
studies were included. Non-English articles were included. Studies that used
cadaver or animal models, focused on indirect repair or radiofrequency shrink-
age, and case studies (where n < 2) were excluded. Summary estimates for
mean visual analog scale (VAS) for pain and mean AOFAS scores were gener-
ated from included studies. Study quality was assessed using the CARE case
report guidelines.

The PRISMA flow diagram is provided in the chapter appendix (Chart 3.2). A
total of 2686 unique articles or conference papers were initially identified, and 11
studies met our inclusion criteria, representing 521 plantar plates (Table 3.2). Most
studies were clinical level of evidence 4 (i.e., case series, n = 9), while two studies
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Fig. 3.11 Summary receiver operating characteristic (ROC) curves for diagnosing plantar plate
tears. MRI performs slightly better than ultrasound (US) in overall accuracy

had a comparison group (i.e., level 3 evidence). That said, the included studies were
generally well conducted with transparent reporting and only low or medium risk of
bias. Most studies (9/11, 82%) examined direct repair of the plantar plate from a
dorsal incisional approach. Our own unpublished data on 53 patients (53 second
MTP joints) with 2 years of postoperative follow-up previously presented at the
American Academy of Orthopaedic Surgeons (AAOS) 2016 annual meeting was
also included [36]. Overall, patients generally did well following direct repair of the
plantar plate, with few reported complications. The pooled mean change in VAS
pain from pre- to postoperatively was —5.16 (95% CI: —3.96, —6.35) among articles
that examined plantar plate repair from a dorsal approach (n =270 joints) (Fig. 3.12).
Patients undergoing direct repair of the plantar plate can also expect significant
improvements in function that is maintained at 1-2 years out (pooled postoperative
mean AOFAS score 87.4 [95% CI: 84.3-90.5], 6 studies [n = 228 patients, 332
joints]). Lack of toe purchase (~20% of the time) and persistent drawer (~5%) were
among the most common reported complications.

Many surgeons question, “When is it appropriate to repair an injured plantar
plate, and when should it just be left alone?” Some authors have suggested fol-
lowing operative protocols based on the grade of plantar plate injury [33], yet
others feel there is value in directly repairing and imbricating the plantar plate in
nearly all instances when a shortening osteotomy is performed [6, 51] or when
joint instability is suggested [37]. Our recent comparative study from 2020 (86
patients, 65 direct repair from a dorsal approach) found that patients of ours who
underwent concomitant plantar plate repair in addition to a shortening osteotomy
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Preop VAS Postop VAS Mean Diff. Weight
Study N Mean SD N Mean SD with 95% ClI (%)
Cook2018 18 52 25 18 48 22 —— 2.50[0.96, 4.04] 12.70
Flint 2017 91 54 15 91 15 15 3 3.90[3.46,4.34] 15.77
Hai-bo2015 5 54 15 5 75 15 —— 4.65[2.79,6.51] 11.57
Klein2018 53 65 15 53 15 15 ] 5.00 [4.57,5.43] 15.78
Nery 2012 22 8 15 22 1 15 —l— 7.00[6.11,7.89] 14.79
Nery 2014 68 7.9 1 68 .95 1 B 695(6.61,7.29] 15.90
Weil 2011 13 73 16 13 1.7 18 —M— 560[4.29,6.91] 13.49
Overall e 5.16 [3.96, 6.35]

Heterogeneity: T2 = 2.30, |12 = 95.91%, H2 = 24.46
Test of 6, = 0;: Q(6) = 154.22, p = 0.00
Testof 6=0:z=28.48, p=0.00

Random-effects REML model

Fig. 3.12 Forest plots demonstrating the mean change in VAS pain pre- to postoperatively with
direct repair of the plantar plate form a dorsal incisional approach

for metatarsalgia reported significantly better foot-specific quality of life scores
and less pain at 1 year compared to those undergoing a shortening osteotomy
alone for metatarsalgia [32]. This was true despite having generally more severe
injuries to their plantar plates to start. We concluded that directly repairing and
advancing the plantar plate when a Weil osteotomy is performed may be valuable
regardless of the severity of injury in the plate [32]. As a result, we now repair
and advance nearly every plantar plate/joint that requires surgery, with the nota-
ble exception being those joints with a negative drawer and pristine appearing
plantar plate on gross inspection.

Despite the generally favorable outcomes reported in the short and intermediate
term with direct repair of the plantar plate, there is still little long-term data with
follow-up greater than 2 years in the current literature. It is therefore important to
recognize that there is uncertainty at this time as to what kind of longevity can be
expected with direct repair.

Final Treatment Algorithm/Author’s Preferred Method

Preoperatively, we perform diagnostic ultrasound exams in the office and confirm
suspected pathology within the plantar plate and the collateral ligaments with for-
mal MRI. Plantar plate injuries that are unresponsive to nonoperative management
are surgically repaired, in nearly all instances, from a dorsal incisional approach.
The only exception being an acute rupture in a patient with an already short meta-
tarsal, where a plantar approach might be more desirable.

In this section we illustrate the surgical technique which we originally described
in 2011 and have modified very little over the years [6]. The technique is ideal for
plantar plate pathology as it addresses an important risk factor in the causal pathway
(i.e., a long metatarsal) and avoids a plantar incision in the foot.
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First, an incision is made over the dorsal aspect of the lesser metatarsophalangeal
joint. This can be either linear (longitudinal) or transverse as pictured in Fig. 3.13a.
The extensor tendons and periosteum are then incised and retracted. The collateral
ligaments are dissected from the base of the proximal phalanx (Fig. 3.13b), but care
must be taken to avoid disrupting their proximal attachment on the metatarsal head.
A McGlamry-type elevator is utilized centrally over the metatarsal head to mobilize
the proximal aspect of the plantar plate. This must be freed up sufficiently to allow
for advancement of the plate during the final portion of the procedure (Fig. 3.13¢c). A
Weil osteotomy is created in the metatarsal parallel to the weight-bearing surface.
The angle of this cut is depicted in Figs. 3.13d and 3.14. The cut is initiated 2 mm
inferior to the dorsal most articular cartilage on the metatarsal head and is therefore
intra-articular. If your plan is to shorten the metatarsal length > 3 mm, then a small
wedge of bone (via parallel cuts) must be removed also at this point to prevent plan-
tarflexion of the metatarsal head upon its translation proximally. The capital frag-
ment is retrograded and provisionally fixated with a k-wire (Fig. 3.13e). A second
k-wire is placed in the base of the proximal phalanx. A small joint distractor is now
utilized to open up the joint (Fig. 3.13f). The plantar plate can then be inspected and
classified according to Nery et al.’s anatomic grading [8]. The plantar plate is then
dissected away from the base of the proximal phalanx with a #64 blade (leaving the
flexor tendon complex intact), and one flap of tissue is created (Fig. 3.13g). This is
similar to what is done during rotator cuff surgery, where a partial tear (when encoun-
tered at the phalangeal base) is converted into a complete tear for the purposes of
advancing and imbricating the plantar plate.

Nonabsorbable suture (#2 or larger) is then passed through the plantar plate.
We typically use a commercially available suture passing system for this
(Fig. 3.13h,1). The configuration of suture is dependent upon the extent and ori-
entation of the tear(s) encountered. The final construct should allow the plantar
plate to lie flat during mobilization with a suture bridge as wide as possible.
K-wires are then utilized to create crossed osseous tunnels through the proximal
metaphysis of the proximal phalanx (Fig. 3.13j,k). Suture passers are then placed

»
>

Fig.3.13 Direct repair of the plantar plate from a dorsal incisional approach. (a) Dorsal incisional
appraoch, (b) Perosteal and capslar dissection preserving the collateral attachments on the meta-
tarsal head, (¢) McGlamry elevator used to free up the plantar plate from the metatarsal head, (d)
Saw blade depicting the proper angle of the osteotomy through the 2nd metatarsal head, (e)
Provisional fixation of the metatarsal head, out of the way proximally, (f) A second pin is placed in
the base of the proximal phalanx allow for distraction of the joint and visualization of the plantar
plate, (g) The plantar plate is sharply dissected from the base of the proximal phalanx to allow for
imbrication and advancement later, (h) and (i) Nonabsorbable suture is passed through the plate
repairing any deficits. The final configuration must allow for a wide suture bridge so that the plate
advances evenly. (j, k) Crossing bone tunnels are created in the base of the proximal phalanx,
(1, m) The nonabsorbable suture is passed from the plantar to dorsal through the tunnels, advancing
the plnatar plate onto the undersurface of the proximl phalanx to be tied later, (n) The 2nd metatar-
sal head is “kicked” back into position now ensuring a harmonious forefoot metatarsal parabola
has been achieved and permanent fixation applied
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Fig.3.14 Care must be taken to ensure that angle of the Weil osteotomy is parallel to the weight-
bearing surface

through these tunnels. Suture from the plantar plate is then pulled through the
osseous tunnels (Fig. 3.131,m). The Weil osteotomy is then permanently fixated
with one or two screws (Fig. 3.13n).

Any prominent or overhanging bone is now resected and smoothed. The toe is
held in maximal plantarflexion, and the suture is tied with the toe in plantarflexion.
After the suture is tied, the foot is loaded to assure that the toe is in the appropriate
position. Postoperatively, patients are partially weight-bearing in a dressing and a
surgical shoe for 10 days. The patient then starts to brace at night with the toe in
maximal plantarflexion, and physical therapy is commenced. At 1 year postopera-
tively, the patient should have a stable drawer sign, range of motion adequate for
ambulation, and a toe that purchases the floor.
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AlanY.Yan, Stephen P. Canton, Xin Ma, Zhongmin Shi,
Lorraine Boakye, and MaCalus V. Hogan

Introduction

Lisfranc injury contains a wide spectrum of injuries from frank high energy fracture
dislocation to subtle, low-energy midfoot sprain or ligamentous injuries only revealed
by stress tests [1, 2]. Missed injuries are noteworthy given the implications on the
management of future foot and ankle complications. Previous studies have stated that
Lisfranc injuries account for 0.2% of all fractures and a reported incidence of 1 per
55,000 persons per year [3]. However, that number may be an underrepresent. There
is an estimated rate of up to 20% for missed diagnosis of Lisfranc injury on plain
radiograph due to the unique anatomy of the midfoot which make interpretation of
injury difficult [4, 5]. Missed or delayed diagnoses can lead to severe midfoot instabil-
ity, arch collapse, forefoot abduction deformity, and development of posttraumatic
osteoarthritis (PTOA) resulting in stiffness and chronic pain with dysfunction of the
foot and ankle complex [6].
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The Lisfranc joint complex of the midfoot was named after Jacques Lisfranc de
St. Martin (1790-1847), a French surgeon and gynecologist, who observed midfoot
injury in the cavalry soldiers and did foot amputation at the level of the tarsometatar-
sal joints [7]. Lisfranc injury is commonly referred as injury of the midfoot, which
refers to the various injury combinations of the TMT (tarsometatarsal) joints 1-5
and from single joint to multiple joints or from Lisfranc joints (tarsometatarsal joints)
to the concomitantly involved structures including the entire midfoot with extension
to the proximal levels of the inter-cuneiform joints, cuneiform-navicular joint, navic-
ular, and cuboid. The preferred term for this injury is Lisfranc joint complex injury
as it may even have combined injury to peritalar structures, ankle, and distal tibia [8].

The hallmark of the injury is any combination of bony and/or ligamentous disrup-
tion at the base of the metatarsals, articulating tarsals, and any associated concomitant
proximal and distal bony or ligamentous injuries. The Lisfranc ligament is one of the
strongest ligamentous supports in the complex. Lisfranc complex injuries are most
commonly results of either high-energy motor vehicle accidents or falls from height;
however, low-energy injuries may occur in daily activities. The mechanism of the
Lisfranc injury has been proposed as direct injury of midfoot crush or indirect injuries
with forefoot twisting and axial loading mechanism of the plantar flexed foot [8].

In low-energy and sports-related Lisfranc injury, the clinical findings of the
injury may be subtle. Faciszewski and colleagues reported subtle injury patterns of
the Lisfranc joint in 15 patients in 1990. The lesion from injury was defined as a
diastasis of 2-5 mm between the bases of the first and second metatarsals on plain
X-ray [9].

Anatomy

The Lisfranc joint itself is comprised of the articulation of nine bones including
metatarsals M1 to M5, cuneiform C1 to C3, and cuboid (Cu) arranged in a fashion
of inherent stability (Fig. 4.1). There is an inherent stable osseous arrangement of
the midfoot. The keystone arrangement is the trapezoidal metatarsal bases forming
a Roman arch structure in the axial section (Fig. 4.2). The mortise of the second
metatarsal base is formed with the recessed second metatarsal base wedging proxi-
mally in between the C1 and C3 about 8 mm and 4 mm, respectively (Fig. 4.3). The
entire midfoot is also kept in a stable configuration with keystone pegging of the
navicular and cuboid at the medial and middle column and lateral column [10].
Transversely, there are intermetatarsal ligaments which are arranged as dorsal,
interosseous, and plantar components connecting the bases of the second to the fifth
metatarsal but missing the link of the first and second base of metatarsal or with
only very weak fibers [10]. Thomas L. described in 1926 from 50 adult feet dissec-
tion that there are three sets of interosseous ligaments corresponding to the first,
second, and third tarsometatarsal joints [11]. Solan et al. in their biomechanical
measurement objectively demonstrated that the Lisfranc ligament and distinctive
plantar ligament combined are stronger than the dorsal ligament — with the interos-
seous Lisfranc ligament demonstrating the most relative superior strength [12]. A
recent anatomical study by Panchobhavi et al. in 2013 revealed in their findings that
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D Lisfranc joint

. Column 1
. Column 2
. Column 3

Fig. 4.1 Lisfranc complex — Lisfranc joint and three-column model Courtesy of Stephen
Chen, MD

Fig. 4.2 Keystone Roman
arch structure of the
Lisfranc joint complex
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Fig.4.3 Second
TMTIJ (tarsometatarsal
joint) recess keystone
arrangement

there are either one or two bundle Lisfranc interosseous components from C1 to M2
and a plantar ligament of the complex from C1 to M2 and M3 [13]. The dorsal and
plantar portion are referred as dorsal ligament and plantar ligament here. There are
three distinct synovial joint system of the tarsometatarsal joints correlated to the
three columns of the foot. CIM1, C2,3 and M2,3, and CU and M4,5 are the three
synovial compartments [14] and corresponding to the medial, middle, and lateral
column of the foot.

An in vitro study on midfoot motion showed that the three columns of the midfoot
vary at each joint in dorsiflexion-plantar flexion/supination-pronation with the lateral
column having considerably more motion than the medial and middle columns. In the
sagittal plane and supination-pronation, the cuboid-metatarsal joints have approxi-
mately 10° of motion, whereas cuneiform-metatarsal joint motion ranges of the three
from medial to lateral are 3.5°, 0.6°, and 1.6° [15]. Lakin’s group showed [16] the
second and third tarsal metatarsal joints bearing most of the forces in the midfoot and
comprising the rigid middle column construct. For the aforementioned reasons, there
is a consensus to keep the lateral column mobile in the management of this injury.

Diagnosis and Clinical Evaluation

Diagnosis of the low impact subtle Lisfranc complex disruption can be difficult. The
injury occurs more often in males and common in athletes which may cause signifi-
cant morbidity and huge time loss before RTP (return to play). One of the most
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Fig. 4.4 Plantar
ecchymosis sign in
Lisfranc complex injury

often quoted numbers of missed Lisfranc injuries from initial physical exam and
imaging study is about 20-24% [9, 17-22].

A high index of suspicion is needed for all foot injuries with persistent swelling
and pain with walking [23]. Aronow describes clinical presentation for missed
Lisfranc injuries in patients who may be in pain with limitations of athletic activity
or reduced walking tolerance [24]. Glen and colleagues described the plantar ecchy-
mosis sign as a very helpful aid in the diagnosis of Lisfranc injury (Fig. 4.4).
Although it is an unspecific finding, it often raises suspicion and necessitates further
aggressive evaluation of the injury with stress exam using x-ray or fluoroscopy
under anesthesia [23].

Palpation of point of tenderness at the TMT joint region is important for the
patient with swelling, pain on activity and with a history of a suspected Lisfranc
injury mechanism. Careful examination of the patients may also require a provoca-
tive maneuver by compressing midfoot dorsally, plantar deviation of the first meta-
tarsal, passive pronation abduction of the forefoot, and squeezing the first and
second metatarsal interspace in the coronal plane. Weight-bearing pain with single
limb stance can be used as a way of stress also [25, 26]. Initial imaging should con-
sist of AP, lateral, and 30 degree internally rotated oblique views of the foot. Weight-
bearing film should be obtained unless not tolerable by the patients. Bilateral
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comparison with AP view of both feet can be helpful [27]. Many studies showed a
high rate of missed Lisfranc injuries on regular and especially non-weightbear-
ing X-rays with missing rates being reported to be as high as 20% to 50% [21].
Robert Stein summarized radiological findings of the constant anatomical relation-
ships of the intermetatarsal space on AP view medial border of the second metatar-
sal, which forms a continuous straight line with the medial border of the middle
cuneiform [28].

Coss and colleagues described a line tangential to the medial aspect of the navic-
ular and medial cuneiform (medial column line) that intersected the base of the first
metatarsal. Any lateral displacement of the forefoot to this line, which is referred
to as the “Mills line,” indicates disruption of Lisfranc ligaments complex.
Fraciszewski, Burks, and Manaster in 1990 also described the flattening of the arch
with medial cuneiform plantar to the fifth metatarsal in Lisfranc injury [9]. Particular
signs indicating Lisfranc injury are coined the “fleck sign” as a symbol of Lisfranc
complex injury for a small bone fragment, which represents an avulsion fracture
from the medial base of the second metatarsal or the lateral side of the medial cunei-
form [8]. Stress X-ray is helpful in the diagnosis of such injury and is recommended
under anesthesia with fluoroscopy [25]. Passive pronation and abduction maneuver
have been reported as stress maneuver under anesthesia looking for instability pat-
terns in the midfoot [18, 29]. Diastasis of more than 2 mm between the first and
second tarsometatarsal articulations is usually considered unstable. Fraciszewki and
colleagues defines instability of Lisfranc injury as 2-5 mm diastasis of the first and
second base of metatarsal versus a normal of 1.3 mm [9].

Multiplanar CT is ideal for detecting subtle osseous fractures and subluxation
which are not evident on plain radiograph [30]. Siddiqui and colleagues [27] pro-
posed measuring the narrowest transverse gap between the main articular surfaces
of the C1 and M2 for pathologic widening. For the inconclusive midfoot sprains,
MRI imaging is superior to other modalities for evaluation of soft tissue ligamen-
tous conditions. As per Siddiqui and colleagues [27], most common signs of
Lisfranc injury include frank ligament disruption, ligament elongation, and periliga-
mentous edema. Bone scintigraphy is not a routine exam; however, it has been
shown its usefulness in low-grade injuries.

For a better understanding of the injury and guiding of the management, there
are a series of efforts in the classification of the injury. Earliest classification by
Quenu and Kuss divided Lisfranc fracture dislocation into homolateral, isolated,
and divergent types [31]. Several modifications based on mechanisms of injury
were then described with the most notable classifications proposed by Hardcastle
et al. on the basis of their experiences on 119 TMT (tarsometatarsal) injuries [32].
Hardcastle classification is described on the incongruity of the tarsometatarsal
joints and divided into (A) complete incongruity, (B) partial incongruity, and (C)
with a divergent variation. Myerson et al. modified this system into more detailed
classification with type A of total incongruity, type B1 of partial medial incongru-
ity and B2 of partial lateral incongruity, and type C1 of divergent partial and C2
of divergent total displacement [8]. Chiodo and Myerson in 2001 devised a colum-
nar classification of TMT (tarsometatarsal) joint based on three columns of foot in
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guiding the treatment of the Lisfranc complex injury due to a differential mobility
of the columns [33].

Nunley and Vertullo proposed a classification suitable for the low-energy mid-
foot sprain injury with a combined factor in clinical findings, weight-bearing radio-
graph, and bone scintigraphy [21]. Stage 1 injury represents dorsal capsule injury
with normal weight-bearing X-ray but increased uptake in bone scintigraphy. Stage
II injury would have a 2-5 mm diastasis between C1 and M2 but no loss of height.
Lisfranc ligament complex would be elongated or disrupted with maintenance of
plantar capsular or ligamentous structures. Stage III has more than 5 mm diastasis
and loss in height and thus a disrupted plantar ligamentous structure. While it is
useful for low-energy low impact injury in sports injuries, bone scintigraphy has
been rarely used in the clinic by many practitioners.

Treatment

The goal of foot injury management is to achieve a stable painless plantigrade foot.
The role of nonoperative management is reasonable; however, it is limited only to
the Lisfranc injuries that have no evidence of instability [21]. Stage I injuries of
Nunley and Vertullo classification can be managed conservatively and treated with
non-weight-bearing cast for 6 weeks followed by custom orthosis [21]. Also, extra-
articular fractures without signs of instability of the Lisfranc complex from stress
views can be treated nonoperatively usually with temporary boot immobilization.
Patients are allowed to weight-bear as tolerated, perform gentle range of motion and
transition to regular shoes in 4—-6 weeks. Repeat weight-bearing films in 2-3 weeks
are followed to prevent late displacement [34].

Myerson and Cerrato [25] advocated nonoperative management (boot immobili-
zation) for midfoot injuries with no instability noted on weight-bearing or stress
radiographs. Weight-bearing is permitted as tolerated as long as the foot remains
stable on repeat weight bearing films made 2 weeks later. Patients are recommended
to transit out of the boot once there is no pain at midfoot on stress test. Stiff sole
shoes with a rigid orthotics must be worn for 6 months. Return to full play for ath-
letes may take up to 8-9 months.

Surgical management is indicated for the rest of the patients with instability in
the setting of displaced fracture, dislocation, and consistent or progressive sublux-
ation with or without stress (indicating unstable soft tissue especially ligamentous
injuries) and those with proximal midfoot involvement. However, the detailed
parameter of diastasis is not commonly agreed with sufficient evidences.

With the goal of achieving a painless plantigrade foot, the means of surgical
management is preferably with joint preserving means if possible or joint sacrific-
ing if it is the most feasible option. In injuries with obvious joint surface destruction,
the choice for management is rather straightforward with primary fusion for the
joints which are considered nonessential or less mobile and not to interfere with a
functional foot. However, for many situations with instability, there is still an ongo-
ing debate with the management options of fusion versus fixation.
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Regardless of the surgical interventions, the most important aspect of surgical
management of the Lisfranc injury is to obtain and maintain a stable anatomical
reduction and congruent joint surfaces in the midfoot. The aforementioned goals
can be achieved either via closed reduction with percutaneous fixation or open
reduction internal fixation (ORIF) or fusion. Quality of reduction is most crucial for
optimal outcomes [8]; therefore, the logical way to achieve anatomical reduction
will be open reduction with directly visualizing of the instability pattern.

Closed reduction can be difficult to achieve and undesirable in the setting of
fracture, soft tissue interposition entrapment, or delayed presentation [8]. Open
reduction, on the other hand, has been the golden rule for reduction and fixation of
the Lisfranc fracture dislocation [35]. Different approaches of open reduction expo-
sures have been mentioned and used. Typically, multiple longitudinal incisions are
used. Single transverse or longitudinal incision has been reported also [36]
(Fig. 4.5a). Complications for the exposures have been reported, including wound
dehiscence, skin necrosis, soft tissue infection, neuroma formation, or CRPS [37].

Commonly used incisions include the dorsal double incision which would be
separated by skin bridge of at least 4-5 cm [38, 39] (Fig. 4.5b). With the concerns
of skin necrosis and struggle between the ideal exposure and ideal skin bridge
width, the exposures are likely unsatisfactory. Transverse incision avoids this issue;
however, the incision crosses over longitudinal neurovascular structures and it
is harder to place the incision right in the level of interests with accuracy. The
approach is largely surgeon dependent.

Optimal exposure facilitates good reduction of the injury and further procedures
to maintain the achieved reduction. There are many ways of fixation used and
reported including wires, trans-articular screws, bridging or compression plates,
suture buttons, and staples. Each has been reported throughout the history with les-
sons of failure, success, and debates.

ORIF has been adopted primarily for lower-energy acute injuries in athletes and
younger population. Arntz and Hansen established in 1988 [38] the principles of
ORIF with rigid fixation with 3.5 cortical screws at medial and middle column and
K wires fixation for the lateral column with later removal, which became the most
followed standard of care for most of the Lisfranc complex injury. Full weight-
bearing in boot is allowed at around 3 months [40]. Since then, many other implants
with different modalities of fixation have been used.

K-wires have been traditionally used for intraoperative provisional fixation and
maintenance for reduction. K-wire percutaneously placed for the lateral column
fixation is usually buried subcutaneously to decrease infection risk and removed in
6 weeks. Use of screws has been questioned in regard to the potential damage of the
otherwise intact joint surfaces and risk of creating arthritis. Also, fracture comminu-
tion and fractures with intra-articular extension may not be good indications for
screw fixation given the concern for instability. Broken screws in joints also increase
difficulty in removal. Therefore, bridge plating may offer a viable alternative [34].

Alberta et al. reported in their study of biomechanical comparison of dorsal plate
and trans-articular screw fixation [41] and indicated that there was no significant
difference between plates and screws with respect to ability to realign and maintain
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Fig. 4.5 (a) Dorsal single incision versus (b) dorsal dual incisions

the TMT (tarsometatarsal) joints. They also quantify the articular surface destruc-
tion in that study as the area of the visible articular surface damaged at the TMTJ
(tarsometatarsal joint) caused by a single 3.5 mm screw varied from 2.0% to 4.6%.
Gaines et al. showed injury to the TMTJ (tarsometatarsal joint) during fixation of
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Lisfranc dislocations by changing the placement of the guidewire across the mid-
foot [42]. Ardoin and Anderson advocated locking screws for use in the distal and
proximal holes and nonlocking at the holes close to the joint so the surgeon can
direct screws away from the joint if needed [43].

In addition to dorsal spanning extra-articular bridge plating, Anderson also popu-
larized open approach to subtle sports Lisfranc injury and fixation with “home run”
Lisfranc screw and inter-cuneiform screws [44]. In the athletic population,
Anderson’s group advocates ORIF and avoids primary fusion for the concerns of
malunion, nonunion, and secondary transfer metatarsalgia. Primary fusion is
reserved for patients with subacute or late presentations or with severe articular
damages. The “home run screw” or the “Lisfranc screw” was first described in 1990
by Sangeorzan, Veith, and Hansen [45] using 3.5 or 4.0 mm cortical lag screw from
medial cuneiform to the base of second metatarsal. Home run Lisfranc screw fol-
lows the course of the Lisfranc ligament and essentially extra-articular [44]. The
home run screw reduces the medial column to the middle column together with the
inter-cuneiform screw.

Panchbhavi proposed an alternative and preferred way for inserting the Lisfranc
screw. Instead of medial to lateral orientation, Panchbhavi advocates cannulated
partial threaded 4.0-5.0 mm screw directed from the base of second metatarsal into
the medical cuneiform. The advantages for this orientation are easier targeting, bet-
ter purchasing, and easier removal if broken [46, 47].

A similar principle of extra-articular fixation with the same orientation while
using endo-button was described by Panchbhavi [48]. As there is likely no one-size-
fits-all solution for different Lisfranc complex injuries, there are certain subsets of
the population in which specific concerns and strategies should be employed.
Panchbhavi and colleagues also found suture button fixation provided stability simi-
lar to that provided by screw fixation in cadaver specimens after isolated transection
of the Lisfranc ligament [49].

The most debated topics on the management of the Lisfranc complex injury are
likely the choice of primary arthrodesis versus open reduction internal fixation.
Most of the historical studies indicate favorable outcomes in ORIF with an anatomi-
cal reduction achieved. However, there is still a high rate of PTOA (post traumatic
osteoarthritis) regardless of the quality of reduction. Kuo and colleagues found a
25% rate of posttraumatic arthritis [50] in 48 patients following ORIF of TMT (tar-
sometatarsal) injuries at a mean follow-up of 52 months. Increased arthritis
were observed in patients with pure ligamentous injuries (presence of arthritis in
40%) despite anatomic reduction from surgeries performed. Of note, pure ligamen-
tous injury pattern was diagnosed based on the plain film diagnosis and also includes
those with “fleck sign.” No CT scan was used in diagnosis in their study. The degree
of posttraumatic arthritis was directly proportional to the degree of gross damage to
the articular surface. The authors commented that it may be more of the injury
rather than the treatment that determines the outcome. In addition, primary fusion is
likely better for the pure ligamentous injury. It is reasonable to deduce that joint
damage from injury will dictate a poor outcome later for a secondary PTOA (post
traumatic osteoarthritis). However, ligamentous damage may cause a worse
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outcome regardless of reduction due to poor fixation and inherent poor healing
capacity of the soft tissue as compared to bone; Also, the small, flat bony anatomy
may be predisposed to perpetuated instability.

One of the most quoted studies that adds to the controversy of the topic is the
level 1 study by Ly and Coetzee (2006) on primary ligamentous Lisfranc injuries
[51]. Forty-one patients with isolated or subacute primarily ligamentous Lisfranc
injury were enrolled in a prospective randomized trial comparing primary fusion of
the medial 2 or 3 rays (21 patients) with ORIF (20 patients). Total follow-up time is
42.5 months. Two years postoperatively, mean AOFAS midfoot score was 68.6
points in ORIF versus 88 points in fusion group. Five of the ORIF were ultimately
fused due to persistent pain with deformity or arthrosis. Postoperative activity level
of fusion was 92% versus 65% in ORIF group. A total of 16/20 in the ORIF group
underwent secondary surgery to remove prominent and painful hardware. Only 4/21
patients in the fusion group underwent secondary surgery for removal of hardware.
It should be noted that most patients (16/20 in the ORIF group and 17/21 in the
fusion group) sustained high-energy injury. The authors speculate that pure liga-
mentous injury treated with fixation generates insufficient stability by only the heal-
ing of the soft tissue, i.e., ligaments and capsules.

Ly and Coetzee adopted partial medial two- or three-ray fusion. A similar approach
and results were also noted by Sangeorzan et al. and Komenda et al. [45, 52] who
advocated keeping unlimited motion of the lateral two rays. Besides major ligamen-
tous injury with multidirectional instability, initially missed and delayed presentation
of the Lisfranc injuries over 6 weeks usually does poorly [2]. Primary arthrodesis of
Lisfranc produces acceptable results, and quality of reduction is the major predictor
of good outcome. Henning and colleagues [53] investigated whether performing a
primary arthrodesis resulted in improved functional outcome and fewer subsequent
surgeries as compared to primary open reduction and internal fixation in another
prospective randomized study in 40 patients in intervals of 3, 6, 12, and 24 months.
There is a significant difference in secondary surgeries needed including removal of
hardware and salvage fusion for 78.6% in the ORIF versus 16.7% in the fusion
group. Primary arthrodesis however has not been supported in young athletic popula-
tions with low-energy injuries. No high-level evidences support the decision.

Lewis and Anderson [44] expressed their preference to perform ORIF for all
unstable midfoot segments in low-energy athletic-type injuries and also for higher-
energy mechanisms with significant bony involvement concerning potential non-
union or malunion and secondary transfer metatarsalgia with possible end results of
not able to perform in higher level of function needed for the sports. Primary fusion
is reserved for patients with subacute or late presentations or in case of severe artic-
ular damage. Due to the paucity of evidence, the authors feel that there is little data
to define a clear guideline. Unfavorable sequelae does occur in participation of
sports requires high-level function after midfoot fusion, including periarticular
arthrosis, nonunion, malunion, and stress fracture [21].

Myerson and Cerrato [25] do not recommend primary arthrodesis for athletes. In
their opinion, maintenance of motion of medial column is necessary for restoration
of full function. Nunley and Vertullo [21] reported their outcomes and classification
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in 15 athletes with Lisfranc injuries and management accordingly. Nonoperative
management was adopted for their stage I (nondisplaced), and anatomic reduction
with fixation was done for stages II (diastasis with no arch height loss) and III (dias-
tasis with arch height loss). Their reported outcome was excellent in 93% of the
patients in an average of 27 months. However, Cochran et al. [54] in a level III study
compared 14 fusion versus 18 ORIF of low-energy Lisfranc injuries in active duty
military personnel. Primary fusion patients had an earlier return to full military
activity and better fitness test scores after 1 year besides a lower rate for hardware
removal. The authors noted that 69% of the patients had a diagnosis of primarily
ligamentous injury patterns. However, the ORIF and primary fusion were not ran-
domized. Most of the acute cases were treated with ORIF, and those who presented
more than 6 weeks post-injury were treated with fusion except for three of the pri-
marily ligamentous acute injury patients.

In regard to rigid implants for either fusion or fixation, there is emerging interest
in a new generation of staples with shape memory and purported benefits of ease of
use, low profile, and maximization of joint coaptation. Schipper and colleagues [55]
showed a radiographic union of 93.8% (60/64) of patients and 95.1% (98/103) of
joints using the nitinol staple construct. Flexible fixation, as we mentioned as suture
button for special subset of patients, may be reasonable for maintaining of the foot
flexibility. There are also investigational reports for other synthetic and allograft
reconstruction.

Caio Nery et al. [56] evaluated physiologic fixation with a novel suture aug-
mented neoligamentplasty of fiber tape on cadaveric models compared with a trans-
articular screw fixation construct and showed no difference in stability with less
variability. Weglein and colleagues [57] reported allograft fixation on cadavers also
showing adequate strength and stability and did not differ significantly compared to
intact foot or foot with screw fixation.

Optimal timing of the surgery is still not clearly defined. Most follow the general
rule the sooner the better and as soon as the swelling decreases. Myerson and
Cerrato [25] recommended operating within 6 weeks. However, in their experience,
patients with Lisfranc injury of midfoot subluxation were successfully managed 1
year after initial injury. Postoperative management is usually followed by 2—6 weeks
of no weight-bearing with splint, cast, or boot immobilization. Then patients are
allowed to start transition to removable boot with weight-bearing progression and
walk in stiff shoe with supportive orthotics in 3 months.

Hardware usually remains in foot for at least 4 months [25, 58]. There is no
evidence-based consensus for whether the hardware removal is necessary beyond
indications due to hardware prominence with irritation, broken hardware with irrita-
tion, or loosening. Questions remains for removal all of the hardware versus selec-
tively removal of the joint violating hardware while maintaining the home run or
inter-cuneiform screws or substitution of flexible fixation to prevent later diastasis.
It is up to the surgeon’s discretion without consensus. Interestingly, Coetzee raised
the question that if the surgeon believes the screws should not be removed then how
would that be different from performing primary fusion. He referred the surgeons in
that category as closet fusers [59].
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Return to play are important in athlete patients. McHale and colleagues showed
90% of the 28 NFL players returned to play at professional level at 11.1 months
[60]. Nunley and Vertullo [36] reported an average return to play after surgical man-
agement at around 14.4 weeks. Myerson and Cerrato [25] however opined their
experiences with return to play at 6 months with a gradual systematic rehabilitation
program and no running with cutting activities until 6 months postoperatively due
to concerns of midfoot torsion stress.

Evidence-Based/Critical Appraisal of the Literature

Over the years, we have realized that the best outcomes of the management of
Lisfranc complex injuries are related to the quality of anatomical reduction. In
1963, Cassebaum recognized that anatomic reduction was associated with greater
satisfaction [1]. Myerson and colleagues in 1986 evaluated 76 fracture dislocations
of the Lisfranc tarsometatarsal joint complex patients. Of which, 52 patients with 55
Lisfranc injuries were analyzed with an average follow-up of 4.2 years. 22/26 feet
(85%) had acceptable anatomic reductions by closed or open methods achieved
good or excellent clinical results. Quality of the initial reduction was identified as a
major determinant of clinical results with a linear direct relationship of the PFCS
score and quality of reduction [8]. However, trauma to the joint complex is also
important. 4/26 (15%) patients with good or excellent initial reductions developed
painful arthritis.

Arntz, Veith, and Hansen reported a consecutive series of 40 adults of 41 TMT
fracture dislocations treated with open reduction internal fixation. For 34 patients
with 35 Lisfranc complex injuries who had been followed up for 3.4 years, a good
or excellent functional result was obtained in all but 2 of the 30 injuries in whom an
anatomical reduction had been achieved. The development of PTOA (post traumatic
osteoarthritis) was directly related to damage to the articular surfaces or related to
inadequate reduction or both [35].

Richter and colleagues from Germany again demonstrated [61] highest func-
tional scores of AOFAS-ET, AOFAS-Midfoot, Hannover Scoring System (HSS),
and Hannover Questionnaire (Q) in patients treated with early open reduction and
operative fixation of all 155 patients with midfoot fractures. Correct length of the
medial and lateral column and shape of the longitudinal arch correlated with good
results in all scoring systems. As empirical experiences and many evidences showed
us, a prompt early achievement of anatomical reduction is a key to the long-term
good outcome. However, evidence also shows that even with anatomic reduction, a
good result may not be guaranteed [8, 45, 50, 62].

Teng and colleagues looked into the functional outcome following anatomic resto-
ration of tarsal metatarsal fracture dislocation [62]. Eleven patients with excellent
radiographic results following surgical treatment of unilateral closed Lisfranc injury
were evaluated at an average of 41.2 months. 10 of 11 cases had anatomic reduction.
Yet 8 of 11 patients had evidence of TMTJ (tarsometatarsal joint) arthritis. In spite of
excellent clinical objective results measured by restoration of normal alignment and
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walking patterns, the subjective function outcome was not good with an average
AOFAS midfoot score of 71. The patients perceived a definite loss of joint motion.
However, the authors were not able to define key elements with vertical ground reac-
tion force loading patterns.

Kuo and colleagues studied a group of 92 adults in a 7-year period retrospec-
tively at the outcome measured with AOFAS-midfoot and long form Musculoskeletal
Function Assessment score (MFA) after ORIF of Lisfranc joint injuries [50]. Forty-
eight of the injured patients were followed for an average of 52 months. PTOA (post
traumatic osteoarthritis) was a complication associated with Lisfranc injury in about
25% of the patients.

Many studies showed the amount of arthritis directly proportional to the area of
damage on the articular surface [8, 45, 50]. Besides the joint destruction, perpetu-
ated instability is likely another key factor dictating the long-term outcomes. Kuo
and colleague’s works showed again that anatomical reduction is the major determi-
nant of a good result; however, the subgroup of patients with pure ligamentous
showed poorer outcomes regardless of anatomical reduction and screw fixation [50].

Repeated evidences from different authors indicate that one of the key factors to
achieve a better outcome of the Lisfranc complex injury is anatomical reduction of
the injury. Comparing closed reduction and open reduction, the likelihood for get-
ting a better anatomical restoration is achieved via open approach. Schepers and
colleagues [63] studied the influence of approach and implant on reduction accu-
racy and stability in Lisfranc fracture dislocation at TMTJ (tarsometatarsal joint).
Only 33% closed reduction were acceptable, while 86% open reduction were ana-
tomic. About 37.5% patients had loss of reduction treated with K-wires and no loss
of reduction in those treated with rigid fixation with screws or plates. However, on
the other hand, we know that anatomical reduction and even with rigid fixation
thereafter does not guarantee a painless fully functional foot PTOA (post traumatic
osteoarthritis) can still occur. It is likely related to the joint surface damage from the
initial injury and degree of instability the injury caused.

For those injuries with already damaged joint surfaces, grossly unstable joints,
and pure ligamentous injuries (predictors of perpetuated instability), primary
arthrodesis makes more sense than fixation. The practice of fixation without removal
of hardware is just a de facto compromised fusion without a good preparation of the
joint surfaces. Due to the existence of a wide spectrum of injury pathology, indi-
vidualized care plans are necessary for optimal management of the particular
Lisfranc complex injury. Despite well-known best practices, there are still reality
checks needed to guide and support our reasoning and evaluating the empirical
ways of management. We need to take a critical look at evidences, especially high-
level evidences.

Traditionally, open reduction and internal fixation are the most accepted standard
for acute Lisfranc complex injury and conversion to secondary fusion as a salvage
in posttraumatic arthritis [45, 64]. However, more emerging reports have proposed
primary fusion as definitive management and shown better outcome of primary
arthrodesis in certain type of Lisfranc injury [50]. This has become the most debated
topic in Lisfranc injury with discussions on topics of pain level after surgery,
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anticipated secondary procedure necessity and economy, removal of hardware, and
functional outcomes.

One of the most quoted papers in this debate is likely the level I study conducted
by Ly and Coetzee [50]. This was a prospective randomized trial comparing primary
fusion of the medial 2 or 3 rays (21 patients) with ORIF (20 patients). Forty-one
patients with isolated or subacute primarily ligamentous Lisfranc injury were
enrolled. Total follow-up time is 42.5 months. Two years postoperatively, the mean
AOFAS midfoot score was 68.6 points in the ORIF versus 88 points in the fusion
group. Five of the ORIF went on fusion eventually due to persistent pain with defor-
mity or arthrosis. Post-op activity level of fusion was 92% versus 65% in the ORIF
group. 16/20 cases in the ORIF group underwent secondary surgery to remove
prominent and painful hardware. Only 4/21 patients in the fusion group underwent
secondary surgery for removal of hardware. Of note, most of the patients (16/20 in
the ORIF group and 17/21 in the fusion group) sustained high-energy injury and
very few low-energy sports injuries. Therefore, it is prudent not to extrapolate the
result to the low-energy sports injury. The authors speculate that pure ligamentous
injury will not achieve lasting stability without the support of hardware and not suf-
ficient support with merely the healing of the soft tissue, i.e., ligaments and capsules.

Sheibani-Rad and colleagues [65] performed a qualitative, systematic review of
literature in 2012 to compare two of the most common procedures for Lisfranc
fractures: primary arthrodesis and ORIF. A total of 193 patients in six articles were
analyzed. At 1-year follow-up, the mean AOFAS score of ORIF was 72.5. The
AOFAS score was 88.0 for the fusion patients. Both procedures yield satisfactory
and equivalent results with slight advantages showing in primary fusion in terms of
clinical outcomes.

Evaluating the mechanism of injury by percentage of occurrence of the six stud-
ies showed 57% was motor vehicle accident, 21% was fall from height, 8% was
work related, 5% was crush injury, and only 9% was sports-related low-energy
injury. Henning et al. conducted another prospective randomized study involving 40
acute TMT]J (tarsometatarsal) fracture or fracture dislocation injuries. 32 injuries
were followed at intervals of 3, 6, 12, and 24 months after surgery. Their results
showed patients treated with ORIF had a higher rate of additional surgery compared
with those treated with primary fusion (78.6% vs. 16.7%) [53]. There was no statis-
tical significance; however, the SMFA scores demonstrated a trended improvement
in primary fusion as compared to primary fixation group at 2 years.

In 2016, Smith and colleagues performed a systematic review and meta-analysis
looking at Lisfranc trauma outcome between ORIF and primary fusion [66]. Four
questions were looked into from the literature on whether ORIF or primary fusion
led to (1) fewer reoperation for hardware removal, (2) less frequent revision surgery,
(3) higher patient outcome scores, and (4) more frequent anatomic reduction. They
observed a higher risk ratio of hardware removal was 0.23 for ORIF than fusion.
Except for that, there were no favored ratio toward either modalities in regard to
revision surgery, patient-reported outcomes, and risk of nonanatomic alignment.
The papers analyzed include studies from Henning et al., Ly and Coetzee study, and
Mulier et al. [51, 53, 64]. As authors pointed out, the breadth of injury patterns and
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relative few direct comparative studies with limited numbers of cases call for future
well-designed prospective RCTS to further our knowledge for defining a clearer
understanding of the treatment modalities and indications for Lisfranc complex
injuries.

Magill and colleagues [67] conducted a systematic review and meta-analysis in
2019 under PRISMA guideline including two RCTs and three nonrandomized
observational studies compiling a total of 187 subjects and a mean follow-up of
62.3 months. The overall analysis demonstrated a higher need for revision surgery
in ORIF and a significantly higher rate of persistent pain in ORIF group. However,
the authors believe the available evidence is limited and not adequately robust to
make explicit conclusions and call for a need for a high-quality and adequately
powered RCTs.

The most recent systematic review and meta-analysis by Alcelik et al. [68]
updated the systematic review and meta-analysis with inclusion of outcomes not
assessed in the previous studies. Two RCTs and 6 non-RCT studies with a total of
547 patients were included. The authors found no significant difference between the
outcomes of ORIF versus primary fusion in terms of return to work or activity.
There is higher risk for further surgery in ORIF group to remove hardware or
undergo secondary fusion. Overall complication rates were similar in both. However,
low power of most of the studies and heterogeneity of the injuries made the studies
inconclusive.

Stodle et al. [69] compared primary arthrodesis of the first TMTJ (tarsometatar-
sal joint) to temporary bridge plating in unstable Lisfranc injuries in a level I ran-
domized controlled trial. Forty-eight patients were included and followed for
2 years. Twenty-four of which were randomized to primary fusion of the medial
third TMTJ (tarsometatarsal joint), and another 24 used temporary bridge plating
over the first TMTJ (tarsometatarsal joint) and fusion of the second and third
TMT]J (tarsometatarsal joint). Outcomes were measured by AOFAS midfoot scale
and also SF-36 and VAS pain. CT scans were obtained pre- and post-surgery. Dorsal
plates were removed at 4-5 months after the initial surgery fixation. Overall, both
groups had good outcome scores. The first metatarsal was better aligned in the
bridge plating group but also had a high incidence of radiographic osteoarthritis.
11/24 cases showed osteoarthritis, but only one needed conversion to fusion due
to pain.

Lau et al. reported in a level III study of functional outcomes of patients treated
with dorsal bridge plating versus screws or combination of the two [70]. The authors
found the best predictor of functional outcomes was the quality of anatomical reduc-
tion as opposed to the choice of fixation implant used. Also, high-velocity mecha-
nism is a risk factor of poor outcome regardless of the fixation technique used.

There is also a level III systematic review on percutaneous fixation of Lisfranc
joint injuries reported by Starvrakakis and colleagues [71]. Seven studies on closed
reduction and percutaneous screw fixation were included in the analysis. A total of
106 patients were separated into five groups according to the Myerson classifica-
tion. The analysis showed percutaneous fixation is a relatively simple and safe
modality that leads to a good functional outcome especially in Type B injury and
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fracture dislocation provided that anatomical reduction has been achieved. However,
this review has some major limitations with limited power and different following-
up periods among subjects.

As we have not yet reached a solid conclusion on primary fusion versus ORIF,
there is a preference for fixation over fusion in the low-energy Lisfranc injury in the
young athletic population [21, 25, 43]. Vertullo and Nunley studied participation in
sports of patients after arthrodesis of the foot or ankle. Considering the possible effect
of arthrodesis which may limit athlete’s capability of performing some fundamental
motion, excessive burden on surrounding joints, and risk for stress fracture or pseudo-
arthrosis, they reported on the questionnaire responses of AOFAS surgeons on their
opinions on return to sports participation after arthrodesis [72]. Less than 75% of
surgeons recommended RTP (return to play) for running, football, soccer, and basket-
ball after Lisfranc fusion.

Nunley and Vertullo reported [21] the outcome of treatment in 15 athletes with
their own classification: nonoperative for stage I nondisplaced injury, anatomic
reduction with fixation for stage II diastasis with no arch height loss, and stage I1I
diastasis with arch height loss injuries. They reported an overall 93% excellent out-
come in average of 27 months follow-up. RTP (Return to Play) average in these 15
patients was 14.4 weeks.

Porter et al. studied the injury pattern in ligamentous Lisfranc injuries in com-
petitive athletes [73]. Their data showed that proximal extension of disruption in
inter-cuneiform ligament tear occurred in 50% of the 82 patients. Mean time RTP
(Return to Play) was 7.5+ 2.1 months. The pattern they defined as medical column
dislocation required longest time to return to sports. All patients were treated with
ORIF according to the injury instability pattern, and all returned to their prein-
jury sports.

Cochran and colleagues reported outcomes of primary arthrodesis versus ORIF
in low-energy sports injury in young athletic population of active duty personnel at
a single institution [54]. This is a level III comparative cohort study. Total of 32
patients with Lisfranc complex injury included in the study. 14 patients treated with
fusion versus 18 treated with ORIF. The primary fusion group outperformed in
return to full duty time at 4.5 months comparing to 6.7 months in ORIF patients.
The fusion group had lower implant removal rate and better fitness test scores after
1 year. There was no difference in FAAM score in 3 years. In this study, the ORIF
was indicated for most of the cases presented acutely. Primary fusion was selected
for any patients presented over 6 weeks and those with primary ligamentous inju-
ries. Due to the unknown long-term impact of the young athletic population, pri-
mary fusion still cannot be recommended universally.

Mora and colleague reported return to sports and physical activities after ORIF
of Lisfranc injuries in recreational athletes in 2018 [74]. Thirty-three patients aged
55 years or younger presented with Lisfranc injury and underwent ORIF using
Lisfranc screw with bridge plating. Approximately 94% of them were able to return
to some form of sport, 66% of them returned to play at or above their preinjury level
in a mean follow-up of 2.9 years, and 33% had some degree of ongoing pain and
limited ability to RTP (return to play) 33% of patients had continued pain and not
able to play.
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MacMahon et al. studied return to sports and physical activities after primary
partial arthrodesis for Lisfranc injuries in young patients [75]. This is a level IV
retrospective case series conducted in 2016 in 38 patients with a mean follow up of
5.2 years with a mean age at surgery of 31.8 years. Patients were able to return to
most of their previous sports and physical activities at follow-up including high
impact activities. However, they experienced increased difficulty and impaired par-
ticipation levels in a third and a quarter of physical activities.

Dubois Ferriere et al. reported clinical outcomes and development of symptom-
atic osteoarthritis 2-24 years after surgical treatment with either ORIF or primary
fusion of TMT (tarsometatarsal) complex injuries [76]. This was a retrospective
study involving 61 patients. AOFAS, FFI, and VAS pain were used for functional
outcome assessment. SF 12 PCS was also adopted. Radiographic evidence of arthri-
tis was noted in 72.1% of the patients. Approximately 54.1% of the cases were symp-
tomatic arthritis with worse outcomes. Risk factors for arthritis were nonanatomic
reduction, type C Myerson classification, and smoking. However, most patients can
return to their previous level of function and employment with little need for second-
ary surgery. Of note, in this report, most injury mechanisms are related to high-
energy trauma. Approximately 82% of patients underwent ORIF, and 18% of
patients underwent primary fusion. There was no significant difference in outcome
scores of the patients who underwent primary fusion versus ORIF.

There is another report of outcomes after temporary internal fixation for liga-
mentous and osseous injuries with prolonged recovery protocol. 135 Lisfranc inju-
ries were managed with a different post-operatively protocol of much longer
immobilization and restricted weight bearing of 3 months in cast followed by arch
support for another 4 to 6 weeks showed outcomes with no significant difference in
pure ligamentous versus osseous injury pattern [77]. Contrary to previous reports,
inferior outcome in ligamentous injures was not found in patients treated with this
particular protocol postoperatively.

Overall, the current evidence shows that Lisfranc complex injury is a difficult
clinical issue in foot and ankle pathologies, with a wide spectrum of severities, insta-
bility patterns, and concomitant joint conditions. So far, there are no concrete evi-
dences supporting any particular treatment modalities. Anatomical reduction achieved
with surgery is a priority for a better outcome. Primary arthrodesis may be a better
surgical management in those Lisfranc complex injuries with high energy mecha-
nism causing pure ligamentous disruptions, severe damage of the joint surfaces, frac-
ture dislocation with multi directional instability and those with late presentation of
the Lisfranc complex injuries. For the young athletes in competitive sports and/
or those require flexibility in the foot for higher performance of athletic tasks, alter-
native fixation over primary fusion in surgical management may be favored.

Final Treatment Algorithm

In our institution, we use the following algorithm in the management of the Lisfranc
complex injury (Fig. 4.6).
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Fig. 4.6 Management algorithm. Courtesy of Stephen Chen, MD

We keep a high index of suspicion for the diagnosis of Lisfranc complex injury
in the patients presenting with history of persistent foot swelling and pain on weight-
bearing and point tenderness centering around the midfoot region with history of
foot injuries with either direct or indirect mechanisms.

Special attention is needed for identifying the clinical signs of plantar ecchymo-
sis on clinical exam and pain at the midfoot with or without provocative maneuvers
of rotation with pronating supination, abduction adduction and passive motion of
forefoot midfoot in all three columns in sagittal and coronal planes.

All patients with suspected injury of Lisfranc complex will need standard
bilateral three-view plain film weight-bearing if they can tolerate. The imaging
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series include anteroposterior view of both feet on one cassette, 30-degree inter-
nal oblique view, and lateral view.
We are looking for the following objective signs of instability on the plain films:

1. If the medial border of the second metatarsal lines up with the medial border of
the middle cuneiform on the anteroposterior radiograph (Fig. 4.7a).

2. If the medial border of the fourth metatarsal lines up with the medial border of
the cuboid on the oblique radiograph (Fig. 4.7b).

3. If there is a more than 2 mm gap in between the first and second metatarsal base
(Fig. 4.7a) or between the medial cuneiform and second metatarsal base on the
anteroposterior radiograph (Fig. 4.7a).

Fig. 4.7 Radiographic signs for diagnostic assessment of Lisfranc injury. Courtesy of Stephen
Chen, MD
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4. If there is any small avulsion fragment fracture from lateral edge of the medial
cuneiform or the medial second metatarsal base as we referred to as “fleck sign”
[8] (Figs. 4.7¢c and 4.8).

5. If the dorsal cortex of the first metatarsal to the medial cuneiform has a normal
smooth continuity without any step off on the lateral radiograph (Fig. 4.7d).

6. If the plantar border of the medial cuneiform stays above the plantar border of
the fifth metatarsal (Fig. 4.7d).

7. If there are any associate signs suggesting Lisfranc complex injury including
compression fracture of cuboid, metatarsal base or neck fractures, and metatarsal
phalangeal joint dislocation subluxation [43].

For the patient who has a typical history of injury resulting in Lisfranc complex
injury and positive characteristic clinical signs and symptoms, we may still treat the
patient with nonoperative management if the patient is able to tolerate weight-
bearing and there are no detectable radiographic signs of instability on weight-
bearing radiograph. Also if the, diastasis detected on weight bearing Xray in
between medial and middle column measures less than 2 mm and there is no arch
collapse detected clinically, we follow the recommendation of nonoperative man-
agement from expert opinions [25, 36, 44, 59]. The patient will be treated without

Fig. 4.8 Computed
tomography (CT) showing
the “fleck” sign
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surgery and put in short leg cast for 1-2 weeks. Alternatively, the injured foot of the
patient can be immobilized in boot non-weight-bearing at initial visit of acute injury.
Progressive protected weight-bearing is permitted if repeat weight-bearing film
showing stable foot in 2-3 weeks and patient has progressively reduced pain and
swelling in the injured foot. A firm orthotic arch support is prescribed when taking
off the boot at 6 weeks. Athlete patient is allowed to train and exercise if there is no
pain on stress at 3 months. Return to full sports activities may start at 6—8 months.

If the patient is not able to tolerate weight-bearing but there are no signs of radio-
graphic instability at initial non-weight-bearing exam, a repeat weight-bearing radio-
graph is required in 2 weeks at follow-up visit. If the patient is still not able to tolerate
weight-bearing, then a stress exam under anesthesia is a reasonable option. If the
patient at the follow-up visit presents with persistent swelling, pain, and persistent
plantar ecchymosis from the initial presentation, even the patient is able to tolerate
weight-bearing with pain, we will still plan for stress examination under anesthesia
and consent for possible surgical reduction and fixation versus primary arthrodesis
pending our findings of the instability patterns during the exam. The stress maneuver
under anesthesia includes rotation stress maneuver by pronation supination of the
forefoot, sagittal stress maneuver by passive dorsiflexion and plantarflexion of the
three columns of the foot, and coronal stress maneuver by passive abduction and
adduction of the forefoot midfoot in testing the border columns and squeezing of the
forefoot. We look for any radiographic signs of instability and any associated subtle
signs with Lisfranc complex fractures of the midfoot forefoot. We pay particular
attention to any proximal variant of instability to the Lisfranc joints. On abduction
stress, we observe the presence or absence of the lateral displacement of the entire
forefoot to the tangential line of the medial navicular and medial cuneiform [29].
Any positive findings of instability will be subjected to surgical management.

If the patient is not able to bear weight and there are characteristic clinical signs
and symptoms of Lisfranc complex injury with detectable radiographic instability,
we will plan for operative management including stress exam under fluoroscopy
under anesthesia to detect and confirm the instability pattern and determine opera-
tive modalities accordingly.

We routinely obtain CT scan before planning for surgery for the patient with
high-energy injury mechanism and plain radiography showing complex midfoot
fracture or dislocation with comminution. Dynamic stress exam is still planned dur-
ing surgery for detailed instability pattern recognition. MRI will be obtained for the
patient with equivocal clinical exam and not willing to undergo stress exam under
anesthesia. If only dorsal ligaments of the Lisfranc joint complex are involved, we
will manage the patient nonoperatively [78]. Both CT and MRI are static exams and
do not give useful information on instability pattern which can mostly be provided
by dynamic stress exam.

Any detected instability of the midfoot Lisfranc joint complex from distal
TMTIJ (tarsometatarsal joint) to the proximal navicular cuneiform and inter-
cuneiform regions will need surgical management in our institution unless the dias-
tasis of the medial and middle column is less than 2 mm without arch collapse and
there is no proximal extension beyond Lisfranc joint [59].
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In the OR, we routinely perform stress exam to recognize and confirm all possi-
ble patterns of instability. We use dorsal joint sparing plate for metatarsal base frac-
ture comminution with instability but preserved joint surfaces. Screws will be used
also per surgeon’s preference. Open reduction internal fixation is favored over per-
cutaneous fixation except for those cases which we can achieve anatomical reduc-
tion in a closed manner (Fig. 4.9a). If there are any destruction of the joint surfaces in
the Lisfranc complex, we will proceed with partial fusion of the nonessential joints
of the medial and middle column and percutaneous fixation with Kirschner wires at
the lateral column of fourth and fifth TMTJ (tarsometatarsal joint) with subsequent
removal of the wires at 6 weeks follow-up (Fig. 4.9b). We use 3.5 mm cortical
screws in non-compression mode for trans-articular fixation if needed and Lisfranc
home run extra-articular screw fixation. We prefer to perform Lisfranc home
run screw retrograde from the base of the lateral second metatarsal to the medial
cuneiform [46]. The length of the inter-cuneiform screw is determined by the insta-
bility pattern of involvement. We will use medial column plating if there is extended
instability medially and proximally to the naviculocuneiform joint.

For the high-energy mechanism Lisfranc complex injury with fracture disloca-
tion and or complete ligamentous disruption, we prefer primary arthrodesis of the
medial and middle columns due to the destruction of the joint surface or multidirec-
tional instability regardless of sometime intact joint surfaces (Fig. 4.10). If the
patient chooses to preserve the joint with fixation over fusion, we will adopt more

Fig. 4.9 (a) Anteroposterior radiograph demonstrating dorsal bridge plating and Lisfranc screw
fixation and (b) intraoperative fluoroscopy demonstrating primary fusion of the medial and middle
columns and temporary fixation of the lateral column
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Fig.4.10 High-energy versus low-energy management algorithm. Courtesy of Stephen Chen, MD

conservative postoperative protocol to keep the patient non-weight-bearing of the
injured foot up to 12 weeks.

In regard to young athletes with low-energy injury of the Lisfranc complex, we
prefer ORIF over primary fusion unless there is obvious destruction of the joint
surfaces detected during the surgery exposure or very late presentation over 6 weeks
with pure ligamentous and multidirectional instability patterns.

We will consider flexible fixation with suture button in the isolated Lisfranc liga-
ment injury in young athletes in the sports requiring high performance and flexibil-
ity of the foot. Postoperatively, patient is placed in bulky Jones non-weight-bearing
splint for 2 weeks. Suture is removed at 2 weeks. Splint is removed and changed to
short leg casting till week 6. We typically apply another new short leg cast at week
4. Weight bearing progression will start at week 6 when patient’s cast will be taken
off and transit to a boot. For elite athlete, we follow the protocol of Ardoin and
Anderson [43] for which we take off splint and put the patient in boot at week 2 after
surgery and start rehabilitation. Custom mold shoe orthosis will be needed for
6 months post-injury.

We will remove the hardware for the patient who underwent ORIF in between 4
and 6 months. We usually only remove the trans-articular screws of the
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TMTIJ (tarsometatarsal joint) and leave the Lisfranc screw and inter-cuneiform
screws in unless there is clinical irritation or radiological signs of loosening.

With the current available evidences, we adopted our current Lisfranc manage-
ment algorithm and protocols which are considered safe and prudent. However,
many studies so far have limited evidence level. Prospective high-level studies will
be needed in many aspects of the Lisfranc complex injury to guide our future treat-
ment modalities and to achieve a better patient long-term outcome.
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Tibialis Anterior Tendon Injuries 5

Dekarlos M. Dial, Hayden L. Hoffler, and John P. Bonvillian

Introduction

Tibialis anterior injuries are rare to the lower extremity with few cases reported in
the literature. An injury to this tendon is defined as a partial or complete disruption
in the continuity. Injuries to the tendon can produce destabilization, disability, and
loss of functionality to the foot and ankle. Although they can occur at all ages, tibi-
alis anterior injuries are more commonly found in older individuals and can be
located from the anterior aspect of the distal tibia to the medial arch of the foot. Risk
factors for injury include older age, steroid injections, fluoroquinolone usage,
inflammatory arthritis, active individuals, and cavus foot structure [1-5]. The mech-
anism of action is multifactorial and includes internal and external methods of
injury. Internally, tendon injuries occur from excessive intensity producing abnor-
mal tension to the tendon, normal intensity in a high-level activity such as sports,
and low intensity on a diseased tendon. External injuries to the tendon are due to
direct impact, often with a contusion or laceration present. Different treatment
modalities are aimed at the various disorders that can come with injury to this ten-
don. Following an adequate workup and treatment plan, patients are able to return
back to normal function.
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Anatomy

The muscle belly of the tibialis anterior originates from the lateral condyle and
upper and middle portions of the lateral shaft of the tibia, interosseous membrane,
and the deep surface of the deep fascia [1, 3]. The tendon courses distally across the
ankle in a synovial sheath under the medial portion of the superior and inferior
extensor retinaculum and inserts on the medial and plantar surfaces of the first cune-
iform and first metatarsal [6—8]. There are a couple of classifications that define the
insertion location of the tibialis anterior tendon. They are defined by the amount of
the tendon that inserts in each portion of the bone [9, 10]. Further classifications
divide the insertion of the tendon based on the size of the insertion [11]. Figure 5.1
demonstrates the wide variety of insertions for the tibialis anterior that have been
described in the literature. The majority of the literature states that there is an equal
insertion of the tendon into the first cuneiform and first metatarsal base (Fig. 5.2).

The tibialis anterior muscle and tendon are supplied by the anterior tibial artery
and its branches. Specifically, the anterior tibial recurrent artery provides blood sup-
ply proximally, and the medial tarsal artery supplies blood distally (Fig. 5.3). In the
early 1990s, Geppert reported homogenous blood supply throughout the tendon,
while other literature states that there is a watershed area 10.1 mm from insertion
that predisposes the tendon to be injured in the area [12]. The watershed area spans
from 45 to 67 mm located under the superior and inferior retinaculum (Fig. 5.4). It
is these gliding regions where the tendon changes direction consisting of fibrocarti-
lage which is avascular producing an area susceptible to injury [13].

Tibialis anterior is innervated by the deep peroneal nerve which branches from
the common peroneal nerve as it courses inferior to the neck of the fibula. This ten-
don has numerous functions to the foot and ankle. The tibialis anterior is the stron-
gest dorsiflexor of the foot, supplying 80% of the dorsiflexion at the ankle [14].
Other functions include inverting and adducting the foot, and a key stabilizer of the
longitudinal arch. Tibialis anterior is the second strongest inverter to the foot behind
the tibialis posterior tendon. This tendon is the antagonist to the peroneus longus
tendon which plantarflexes and everts the foot [1, 9, 13]. In gait, along with the other
dorsiflexors, tibialis anterior has the two main functions as described by Scheller
[15]. They include deceleration of the ground reactive forces at heel strike to prevent
foot slap and ground clearance during the swing phase. Using the anatomy of the
tibialis anterior, the clinician can adequately diagnose various disorders and provide
adequate treatment options based on the structures involved.
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Fig.5.2 Cadaveric limb
demonstrating insertion of
the tibialis anterior tendon
into the medial cuneiform
and first metatarsal base
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Fig.5.3 Blood supply of
the tibialis anterior
supplied distally by the
medial tarsal artery which
is a branch of the anterior
tibial artery
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Extensor
digitorum
longus

Tibialis anterior

Deep peroneal nerve

Anterior tibial

Extensor artery

hallucis longus

Superior extensor
retinaculum

Inferior Tibialis anterior
extensor synovial sheath
retinaculum
Extensor hallucis
longus synovial
sheath
Extensor

digitorum longus
synovial sheath

Fig.5.4 Location of the retinaculum on anterior ankle and foot which is the watershed area of the
tibialis anterior tendon
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Diagnosis/Clinical Evaluation
Clinical Evaluation

Diagnosing tibialis anterior tendon injuries starts with a proper history and physical
examination. Patient’s usually recall a specific trauma to the associated foot that
caused them immediate pain in discomfort. In other situations, patients describe
pain, weakness, and discomfort that has gotten worse over time not remembering a
certain incident. Past medical history should be thoroughly examined to look for
disorders that put the individual at risk for a tendon injury. These can include diabe-
tes, inflammatory arthritis, history of local corticosteroid injection, or fluoroquino-
lone use (Fig. 5.5). After a sufficient history, a detailed clinical exam should be
performed. Visual inspection is the first indicator of an injury, with pain and weak-
ness often apparent. In acute injuries, there is often pain over the anterior ankle and
medial foot with limited dorsiflexion. In chronic injuries, there can be swelling with
mass formation over the anterior ankle, drop foot, clawing of the digits, callus for-
mation, and a slapping gait. A unique finding in chronic injuries is that they can be
painless due to compensation from adjacent tendons in the anterior compartment of
the leg. In 2009, Sammarco described a triad of key indicators of an injury to the
tibialis anterior tendon. This included a pseudotumor on the anterior ankle, loss of
contour of the tendon, and weak dorsiflexion combined with hyperextension of the
toes [16].

Fig.5.5 T2 MRI
demonstrating a rupture of
the tibialis anterior tendon
secondary to a local steroid
injection
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Clinical tests are next initiated to examine the strength and integrity of the ten-
don. Beginning with palpation, pain, swelling, and discontinuity can sometimes be
appreciated as a sign of injury. Palpation should begin from the distal tibial metaph-
ysis and continue to the insertion points of the medial midfoot. Muscle strength is
performed by having the patient actively dorsiflex and invert against resistance. In
ruptures, strength is decreased but can be normal in tendinopathy, tenosynovitis,
and tendonitis. First ray range of motion is another way of assessing injury. In dis-
eased tendons, there is often increased plantarflexion noted of the first ray, due to the
lack of dorsiflexion provided by the tendon. The only clinical test with high sensi-
tivity and specificity that has been described for a specific tibialis tendon injury is
the Tibialis Anterior Passive Stretch Test (TAPS) for distal tendinopathy [7]. In this
maneuver, the ankle is put in plantarflexion, hindfoot eversion, and a midfoot abduc-
tion, and pronation force is applied. The test is positive when pain is reproduced or
increased [17]. With sufficient clinical testing, adjunctive imaging is performed next
to analyze the precise location and extent of the tibialis anterior injury.

Diagnostic Imaging

Radiographs

Plain film radiographs are the initial imaging source commonly used in assessing
tibialis anterior tendon injuries because they are the most accessible. They are use-
ful in identifying soft tissue contour and density changes such as a mass on the
anterior ankle that can be indicative of a tendon injury [18]. Radiographs also help
rule out avulsion fractures at the tendon insertion and other occult fractures associ-
ated with the injury (Fig. 5.6). Furthermore, they assist in identifying calcifications
that can occur within the tendon.

Ultrasound

Another imaging modality commonly used today is ultrasound. Ultrasound allows
a skilled clinician to dynamically evaluate underlying tendon pathology with mini-
mal morbidity to the patient. This modality is useful to assess tendon injuries in
patients with underlying hardware which may otherwise obscure the image due to
artifact. Fortunately, due to its superficial location in the anterior ankle, the tibialis
anterior is easily visualized with a high frequency ultrasound probe (between 12 and
15 Hz). This gives better spatial and contrast resolution. The patient is best posi-
tioned with their knee flexed to 45° and their foot flat on a chair. The tendon is
examined longitudinally and transversely from the myotendinous junction to the
bony insertion. A normal tibialis anterior tendon’s appearance is hyperechoic with
its diameter twice the size of the other extensor tendons (Fig. 5.7). A diseased tibi-
alis anterior tendon appears hypoechoic with disorganized tendon fibers, interstitial
or peritendinous edema, and occasional surrounding fluid present [7, 19].
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Fig. 5.6 Anterior posterior
radiograph demonstrating
an avulsion fracture off the
medial cuneiform due to
tibialis anterior injury

Fig.5.7 Ultrasound image
showing normal
hyperechoic signs
indicating an intact tibialis
anterior tendon
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Magnetic Resonance Imaging

The most sought out imaging modality for diagnosis of tibialis anterior injuries is
Magnetic Resonance Imaging (MRI) because it can look at all tissues in the foot and
ankle [20]. MRI is beneficial in that it is noninvasive and allows for multiplanar
imaging. Physicians can look at the TA tendon directly to evaluate for a complete or
partial tear, tenosynovitis, and tendinopathy. The normal tibialis anterior appear-
ance is homogenous throughout with thin fibers surrounding the tendon demonstrat-
ing the retinaculum. In a diseased tendon, the tibialis anterior can appear
heterogenous, with increased signal located around or within the tendon. Partial tear
or split longitudinal tears are characterized by increased signal intensity in the intra-
substance of the tendon on a T2 weighted image [19]. A rupture of the tibialis ante-
rior is commonly viewed at the level of the superior extensor retinaculum and is
characterized by a complete discontinuity or defect of the tendon [20].

Differential Diagnosis

Anterior Tibial Stress Syndrome

Anterior Tibial Stress Syndrome, also known as “shin splints,” is an overuse injury
of the distal tibia. It is apparent in 10-15% of all running injuries [21]. It is caused
by traction periostitis of the tibialis anterior on the tibia and the interosseous mem-
brane. Risk factors include highly active patients and patients with active overpro-
nation of the subtalar joint. Symptoms of shin splints involve pain along the anterior
distal tibia that decreases with activity. Physical exam reveals a tight Achilles, pes
planus foot type, and tenderness along the tendon. Upon imaging, X-rays can dem-
onstrate stress fractures of the tibia [22]. More advanced imaging such as an MRI
can show periosteal edema along the tibia. Bone scans have even been used to rule
out a stress fracture.

Tendinopathy

Distal tendinopathy or tendinosis of the tibialis anterior tendon is not as common as
other tendinopathies in the foot and ankle. It is most common in obese females in
the fifth to seventh decade. This disorder involves degeneration of the tendon dis-
tally, most often occurring at the insertion site. Patients commonly complain of
burning, nocturnal pain on the medial side of the midfoot, with pain on palpation at
the insertion site [23, 24]. The TAPS test mentioned previously is the most useful
test in the diagnosis with sensitivity of 90% and specificity of 95% [17]. Imaging on
X-ray is relatively normal, with arthrosis shown in the medial midfoot. Ultrasound
is useful, as it demonstrates hypoechoic tendon swelling distally possibly with lon-
gitudinal tears that appear fluid filled [7]. More advanced imaging such as an MRI
shows tendon thickening, edema within the tendon, and increased signal within the
distal aspect of the tendon near the insertion site. Degenerative changes such as
osteophytes in the first tarsometatarsal joint, navicular cuneiform joint, and
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talonavicular joints are often seen [25, 26]. Correlation between the tendinopathy
and degenerative changes has not been reported in the literature at this time and is
therefore unknown.

Tendonitis

Whenever too much tension is placed on the tibialis anterior tendon, a condition
known as tendonitis can form. Tibialis anterior tendonitis is most commonly seen in
patients who are involved in active exercises such as running, walking, or kicking.
It can also be seen by applying tight shoes or straps over the anterior ankle. Patients
complain of pain along the tendon over the anterior ankle that has gradually gotten
worse over time. On exam, patients may have pain with resisted dorsiflexion of the
foot as well as pain on palpation of the insertion of the tendon at the first metatarsal
cuneiform joint. Imaging is not used, as this disorder is a clinical diagnosis.

Tenosynovitis

Tibialis anterior tenosynovitis is another uncommon overuse injury that occurs due
to repeated dorsiflexion. It is common in sports such as hiking, cycling, and skiing.
Irritation from the upper edge of the shoes can contribute to the inflammation of the
tendon. Patients usually complain of pain upon dorsiflexion and palpation to the
anterior ankle joint [27]. X-rays are unremarkable for tenosynovitis. Ultrasound
reveals hypoechogenic tendon thickening, thickening of the synovial sheath, and
fluid collection within the sheath [7]. MRI demonstrates increased signal intensity
on a T2 weighted image surrounding the tendon indicative of fluid collection
(Fig. 5.8).

Fig.5.8 T2 MRI
demonstrating increased
signal intensity
surrounding the tibialis
anterior tendon consistent
with tenosynovitis
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Rupture

First described by Briining in 1905, tears of the tibialis anterior tendon are rare to
the foot and ankle literature, with around only a couple hundred reported [28] They
are the third most common tendon rupture in the lower extremity behind the Achilles
and patellar tendons. The most common mechanism of rupture is a plantarflexed
and everted foot combined with contracted tibialis anterior [29]. Ruptures can occur
from the myotendinous junction, which is less common to the insertion site. The
most common location is 5-30 mm from the insertion point [12]. Although more
common as spontaneous ruptures in older people, ruptures can occur in younger
individuals through open or closed blunt trauma [7, 30]. Spontaneous ruptures are a
result of repetitive microtrauma on a weakened tendon combined with systemic
diseases such as diabetes mellitus, hyperparathyroidism, and gout to name a few.
Tears due to trauma can be very painful to younger patients. In older individuals,
minimal pain is reported across the anterior ankle. Upon physical exam, the outline
of the tibialis anterior tendon is not well appreciated. A firm mass can also be noted
to the anterior ankle (Fig. 5.9). When placing the foot through ranges of motion,
dorsiflexion can appear normal if the integrity of the extensor hallucis longus and
extensor digitorum longus is intact. It is this reason that tibialis anterior ruptures
often go undiagnosed during the first visit. Chronic ruptures can reveal not only a
mass, but calluses underneath the metatarsal heads, clawing of the digits, and foot
slap during gait [16, 31]. Radiographs are the first imaging source obtained to rule
out accompanied trauma, especially in high energy impact injuries that occur in
younger individuals. Ultrasound reveals irregular, hypoechoic, and enlarged tendon
fibers, specifically over the lump that forms (Fig. 5.10). Fluid collection can also be
apparent surrounding the tendon [7]. On MRI, a complete rupture is indicated by
increased signal intensity in a T2 weighted image with tendon discontinuity and
proximal retraction of the tendon commonly at the level of the superior extensor

Fig.5.9 Lateral picture
showing a pseudotumor on
the anterior ankle
indicating a tibialis anterior
rupture
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Fig. 5.10 Ultrasound
demonstrating hypoechoic
changes within the tibialis
anterior tendon which are
consistent with a rupture

retinaculum. A partial rupture or split longitudinal tear is characterized by increased
signal intensity within intrasubstance of the tendon in a T2 weighted image [32, 33].
Overall, an MRI may be useful with preoperative planning.

Other disorders such as lumbar radiculopathy, superficial peroneal nerve entrap-
ment, stress fractures, and compartment syndrome should be included in the dif-
ferential diagnosis as they present with similar symptoms and exam findings [29,
34-36]. However, these must be ruled out before an appropriate treatment plan can
be initiated. With an appropriate neuromuscular exam and imaging, a definitive
diagnosis can be obtained, and an adequate treatment plan can be developed to
allow the patient to return to normal day to day activities.
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Treatment
Conservative

Most injuries of the tibialis anterior tendon can be treated nonoperatively starting
with the PRICE protocol. Additionally, nonsteroidal anti-inflammatory medications
(NSAIDS), bracing, and physical therapy can be initiated to help with pain, inflam-
mation, and improved function. Steroids are not recommended because they can
increase the likelihood of rupture [7, 37, 38]. In ruptures, conservative therapy is
indicated in the elderly and less active patients. This involves below the knee cast
for 6-8 weeks in a dorsiflexed and inverted position. Due to muscle atrophy from
the cast, a decrease in the dorsiflexion can be seen in subsequent follow-up visits.
Ankle foot orthotics come into play at this time as they assist in dorsiflexion through
the swing phase of gait.

Surgical

Surgical treatment is more often seen in younger patients who would like to main-
tain a higher level of activity, or ruptures with large gaps that produce obvious
functional deficits [39]. For tibialis anterior injuries, there has been surgical treat-
ment that has been described for distal tendinopathy, tenosynovitis, and ruptures.

Tendinopathy

Distal tibialis anterior tendinopathy is usually treated nonoperatively [23, 24].
However, when nonoperative modalities fail, surgical options are considered.
Surgical options for DTAT included debridement, augmentation with extensor hal-
lucis longus (EHL) transfer, gastrocnemius recession, and decompressive medial
cuneiform exostectomy (DMCE).

A gastrocnemius recession has recently been described in the literature as an
adjunct procedure for ruptures but have also been used in DTAT. Contraction of the
heel cord, which is an antagonist to the tibialis anterior prevents the ankle from
reaching 10° of dorsiflexion which in theory leads to stressing of adjacent structures
[24]. Lengthening of the muscle lessens the strain of the antagonist leading to less
tension placed on the TA tendon. This decreased the amount of degeneration of
tendon fibers seen in tendinopathy.

Another surgical procedure seen in DTAT is the decompressive medial cunei-
form exostectomy. This technique involves first debriding the tibialis anterior ten-
don. While carefully preserving the insertion, the medial prominence of the medial
cuneiform is resected in the sagittal plane with an oscillating saw under fluoroscopic
guidance (Fig. 5.11). After smoothing the area, the tendon is replaced into the
groove, the tenosynovium is excised proximally and a layered closure is performed
[25]. Similar to an Achilles tendon procedure, this operation reduces mechanical
irritation experienced around the insertion site.
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Fig. 5.11 Pre and postoperative anterior posterior fluoroscopic X-rays demonstrating exostec-
tomy of medial cuneiform for tibialis anterior tendinopathy

Tenosynovitis

The only known surgical treatment of the tenosynovitis is excising the synovium.
These are commonly done open, however damage to the extensor retinaculum can
occur. This produces tendon bowstringing which can precipitate postoperative
wound complications. Recently, there has been a push to tendoscopically release the
synovium to preserve the integrity of the retinaculum. This is done through three
portals: proximal at proximal end of tendon, middle at anterior ankle joint line, and
distal at the talonavicular joint. Through these portals, the synovium can be ade-
quately examined, and additionally bone spurs or bursa present can be resected [27].

Ruptures

The repair of tibialis anterior tendon ruptures depends on age, when the rupture
occurred, the amount of retraction and how big of a gap there is. For tears that have
no retraction, simple end-to-end repair is sufficient [40, 41]. When the tendon is
avulsed off the insertion site and minimal retraction is present, reattachment to the
bone via tendon anchor or screw is appropriate [18]. If a moderate gap exists
between portions of both tendons ends and the tendon is healthy, procedures such as
z lengthening and turn down flap are explored [42, 43]. However, this can report in
an unusual gait pattern, as the tibialis anterior tendon is only 1/3—1/2 the normal size
and the tendon to muscle ratio increases [44, 45].

Several grafts have been explored in the literature that help fill in large rupture
gaps. These include semitendinosus, gracilis, Achilles, plantaris, peroneus brevis,
extensor digitorum longus, and peroneus longus [29, 46-50] (Fig. 5.12). For exam-
ple, in a peroneus brevis free graft, the proximal and distal ends are sutured to the
peroneus longus while the graft is interposed in the rupture location [48]. Free grafts
are advantageous in that they cover large tendon gaps with no functional loss or
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Fig.5.12 Semitendinosus
autograft used to fill in gap
after a tibialis anterior
rupture

anatomical changes in the foot and ankle (Fig. 5.13). Tendon transfers are also indi-
cated for large gaps. These include the EHL, extensor digitorum longus (EDL),
peroneus tertius, and tibialis posterior [5, 23, 39, 51-53]. The EHL and EDL are the
most common tendons used in transfers. The EHL transfer, also known as the modi-
fied Tohen procedure involves transecting the EHL at the metatarsophalangeal joint
and suturing the proximal portion to the medial cuneiform. The tibialis anterior
tendon proximally is then sutured to the EHL tendon. The distal aspect of the EHL.
tendon is sutured to the extensor hallucis brevis (EHB) tendon or sutured to the EDL
tendon of the second digit [23, 47]. This transfer is the most common because it’s
the nearest tendon with a similar function to the tibialis anterior (Fig. 5.14). It also
has the additional benefit of eliminating claw toe deformity of the hallux. Using the
EDL’s second- and third-digit tendon slips, another transfer known as the Kelikian
procedure can be performed. This involves the transfer of the second and third EDL
tendon slips to the medial cuneiform with the distal aspect of the tendons sutured to
the EDB [39, 47]. However, you must be careful of the neurovascular bundle. If a
visible contracture of the heel cord is noted, a tendo-Achilles lengthening or gas-
trocnemius recession should be performed before surgical reconstruction of the tibi-
alis anterior tendon.

Along with all other tendons, tibialis anterior goes through three stages follow-
ing repair. The first stage is known as the inflammatory phase. This phase lasts
about a week and involves the tendon ends being met together and filled in with
granulation tissue. Inflammatory cells then move in, producing cytokines and
growth factors which lead to the production of fibroblasts. The next stage prolifera-
tion lasts several weeks and involves fibroblast proliferation and collagen fibril
formation. Lastly, the remodeling phase lasts months and involves collagen fibril
alignment and strength [54]. Any disruption in the healing process can delay return
to function.
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Fig.5.13 Peroneus brevis free graft used. (a) The proximal and distal portions of the tendon are
sutured to the peroneus longus. (b) The graft is used to fill in the gap of the ruptured tibialis ante-
rior tendon

Post operatively, the patient is non-weight bearing in a cast for 4-6 weeks, with
more time spent in patients who received grafts. Then the patient is transitioned to
a CAM walker for an additional 6 weeks and physical therapy is initiated to work
on range of motion and strengthening exercises. Full weight bearing is initiated at
that time. However, patients should not resume full athletic activity until 4—6 months.
A full recovery can take up to 1 year. Complications of surgical repair involving
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Tibialis anterior

EHL passed into tibialis

Extensor hallucis longus anterior tendon sheath

EHL tenodesed
to tibialis anterior

Deep peroneal nerve
Dorsal pedis artery

EHL transferred
then drill hole into
medial cuniform and
sutured back to
itself

Extensor hallucis brevis

EHL tenodesed to EHB

Fig.5.14 EHL transfer performed to accommodate for tibialis anterior rupture

tibialis anterior injuries include infection, failure of the repair, wound complica-
tions, weakness in dorsiflexion, adhesions, and stump neuroma formation. These
issues should be addressed on an individual basis to ensure adequate healing, and
function is returned in a timely manner.

Evidence Based/Critical Appraisal of the Literature

Comprehensive Literature Search Conforming
to PRISMA Statement

A comprehensive literature search was performed, with no time limit to maximize
the pool of work available, conforming to the PRISMA statement. The databases
used were PubMed, CINAHL, and EMBASE. The terms used for searching were
tibialis anterior tendon rupture and repair in human studies. The article abstracts
were reviewed, and those that were not involving humans, the management of
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tibialis anterior tendon injuries, nor had English translation if original articles were
not in English were excluded. The search found a literature review of tibialis ante-
rior tendon injuries, which provided further articles that were included, providing
17 studies available for analysis.

Upon review of the literature, injuries to the tibialis anterior are relatively rare
[28]. Injuries to the tibialis anterior usually fall into one of several categories includ-
ing: overuse, degenerative, or traumatic. Overuse injuries usually resolve after a
period of conservative treatment, and seldomly require surgical intervention.
Although rare, the tibialis anterior is the third most commonly ruptured tendon in
the body, following the Achilles and patellar tendons. Ruptures can be either trau-
matic due to excessive forces acting on the ankle or from direct injury such as a
laceration. In older individuals with a past medical history significant for diabetes,
local corticosteroid injection, fluoroquinolone use, or gout, degenerative changes to
the tibialis anterior may cause a rupture [4]. This rupture may initially be relatively
asymptomatic due to the recruitment of the long extensors to aid in dorsiflexion of
the foot. A thorough physical exam is of utmost importance to detect any deficien-
cies in manual muscle testing, any palpable defect along the course of the tendon or
subtle findings in the patient’s gait. Advanced imaging such as ultrasound (depend-
ing on the clinician skill level) or MRI is useful for diagnosis and surgical planning.
Intraoperative findings ultimately guide surgical procedure selection based on the
percentage of the tendon that is affected for patients with tendinosis and the size of
the defect in cases of a complete rupture [40, 41]. Augmentation of the tendon may
be necessary for defects larger than 5 cm with tendon allograft or adjacent tendon
transfer [29, 46-50]. Post operatively, patients usually are non-weight bearing for
4-6 weeks, followed by a period of protected weight bearing for an additional
6 weeks in a CAM boot.

Level of

Author Year Study design N evidence Treatment

Forst et al. 1995 Case report 1 v Use of ipsilateral peroneus brevis
tendon grafting in a complicated
case of traumatic rupture of TAT

Markarian 1998 Case report 16 v No statistically significant

et al. difference between the outcomes
operative (8) and nonoperative (8)
group

Kauschetal. 1998 Case report 1 v Acute TAT rupture with
transosseous suture repair

Otte et al. 2002 Case report 1 v Recommend augmented tenoplasty
of the TAT in cases of defects up to
4 cm without functional losses

DiDomenico 2008 Case report 1 v Treatment of spontaneous TAT

et al. rupture in a DM patient with STAT
repair

Gundy et al. 2010 Retrospective 11 v Debridement and repair of DTAT

case series with EHL augmentation for greater

than 50% of the tendon
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Author

Ellington
et al.

Aderinto
et al.

Goetz et al.

Rajeev et al.

Funk et al.

Huh et al.

Burton et al.

Patel et al.

Gossett et al

Tickner et al.

Vosoughi
et al.

Year
2010

2011

2013

2015

2015

2015

2016

2017

2019

2019

2020

Study design

Retrospective
case series

Case report

Retrospective
study

Case report

Case report

Retrospective
case series

Case report

Case report

Case report

Systematic
review and
meta-analysis

Retrospective
review

Level of
N evidence
15 v
1 v
5 v
1 A%
7 v
11 v
4 v
2 v
1 A%
134 11
81 case IV
reports

Treatment

No statistically significant
difference between primary tendon
repair versus tendon transfer groups
when comparing plantarflexion
strength or ROM

Delayed repair of TAT rupture with
4 cm deficit with use of Achilles
tendon allograft

Recommend Z-plasty for ruptures
of the TAT with understanding that
this technique does not fully restore
a physiologic gait pattern
Traumatic avulsion of TAT with
approximation with a whip stitch
and suture anchor

Repair of TAT rupture using an
Endobutton

Allograft reconstruction of chronic
irreparable TAT ruptures yielded
satisfactory strength, pain, and
patient reported functional
outcomes

Gracilis allograft reconstruction of
TAT with a substantial deficit of
greater than 10 cm with favorable
results

Repair of atraumatic TAT rupture
with EHL transfer and plantaris
autograft

Treatment of DTAT with
gastrocnemius recession
Conservative treatment lead to
poorer outcomes when compared to
surgical treatment. Use of
ipsilateral tibialis split/turn down
flap of the TAT, semitendinosus
autograft, or direct repair provided
the best outcomes compared to
EHL autograft

For defect <2.5 cm recommend
direct repair. Lengthening and
rotationplasty procedures for TAT
with defects <5 cm.

Tendon reconstruction including
EHL transfer or tendon allograft for
large defects and chronic rupture
with significant degeneration.
Address any equinus contracture
prior to TAT reconstruction
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Final Treatment Algorithm

Based on the evidence in the literature and the authors experience, an algorithm can
be used to guide treatment for patients with tibialis anterior tendon injuries. As
stated above, these injuries can be separated into three broad categories including:
overuse injuries, degenerative or chronic tendon injury, or traumatic injury. Patients
with overuse type injuries (anterior tibial stress syndrome, insertional tibialis ante-
rior tendonitis, etc.) usually recover with conservative treatment methods alone.
These methods include treatments such as PRICE, NSAIDS, appropriate shoe wear,
and activity modifications.

In patients with degenerative or chronic tendon injury, the overall patient should
be considered. The provider should evaluate things such as the patient’s medical
comorbidities, activity demand, and functional loss from the injury. In low demand
patients with advanced age and multiple comorbidities, conservative management is
usually recommended. Treatment options include casting or splinting in dorsiflex-
ion and inversion or an AFO device with or without dorsiflexory assist. In patients
with chronic tendon injuries with functional loss that are not of advanced age and
are relatively active, surgical intervention may be warranted. The operative proce-
dure depends on the intraoperative findings upon evaluation of the degenerated ten-
don. When less than 50% of the tendon is involved, operative procedures may
include: tendon debridement with tenolysis or tenosynovectomy. If greater than
50% of the tendon is involved or in cases of a neglected tendon rupture, local tendon
transfers as well as tendon allograft may be needed to fill large defects [18,
29, 41-50].

TAT

Pathology

—— ——

Conservative Surgical

Open
tenosynovectomy
vs Teonoscopic
synovectomy

Anterior Tibial
Stress
Syndrome

|
Tendon
Rupture

See Chart
below

PRICE/NSAIDS,
Activity
modifcat

Surgical

Tendon
debridement,
Augmentation
with EHL,

Conservative

PRICE/NSAIDS,
Physical Therapy,
Bracing

PRICE/NSAIDS,
Physical Therapy

Gastrocnemius
Recession,

Cunieform
exostectomy
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Finally, patients with traumatic injuries to the tibialis anterior, including com-
plete or partial tendon rupture, or tendon laceration with functional deficits will
likely benefit from surgical intervention. Again, the procedure of choice is depen-
dent on the surgeon’s intraoperative findings, specifically the size of the defect as

seen in the flow chart below.

TAT

Rupture
|

Active Patient /
Functional Loss

Low Demand
Patient

2.5cm-5.0 cm

<2.5 cm rupture
rupture

Free sliding
tendon
lengthening / Turn
dowm flap

Direct repair

In ruptures with less than 2.5 cm of tendon defect, an end-to-end anastomosis is
preferred. In ruptures with a defect of 2.6-5.0 cm, lengthening of the tendon will
likely be necessary to achieve tendon apposition. Finally, in defects larger than

Casting/ AFO
bracing

> 5.0 cm rupture

Tendon
reconstruction
with allograft or
EHL transfer

5.0 cm tendon allograft or local tendon transfers are recommended.
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Peroneal Tendons Injuries

Francisco Munoz, Felipe Chaparro, Mario Escudero,
Gonzalo F. Bastias, and Manuel J. Pellegrini

Introduction

Pathology of the peroneal tendons is often underdiagnosed when evaluating patients
with lateral foot and ankle pain. Likewise, it is sometimes difficult to distinguish the
origin of the symptoms at this location [1]. For this reason, a wide knowledge of
anatomy, biomechanics, and physiopathology of the peroneal tendons is necessary
for diagnosing and treatment. A correct exploration of the patient, and the peroneal
tendons, is mandatory to achieve the proper diagnosis. In case conservative treat-
ment fails, a surgical procedure (open or minimally invasive) should be suggested.
Current options include the following: (1) peroneal tendoscopy, (2) open debride-
ment and tubularization of the remaining tendon, (3) tenodesis, (4) tendon transfer,
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and (5) reconstruction with allograft or autograft. With the goal of reducing comor-
bidity observed from open surgery, minimally invasive techniques are increasing. In
1998, van Dijk and Kort were the first to describe tendoscopy of the peroneal ten-
dons [2]. Technological advances and instrumentation improvements have increased
indications for tendoscopic techniques in the foot and ankle [3-5], including those
referred to peroneal tendons tendoscopy.

The objective of this chapter is to offer the orthopedic surgeon complete infor-
mation related to the peroneal tendons that may help manage patients with lateral
pain of the foot and ankle arising from the peroneal tendons.

Anatomy

The peroneal muscles lay in the lateral compartment of the leg and are innervated
by the superficial peroneal nerve. The peroneus longus tendon originates proximally
from the lateral condyle of the tibia and the head of the fibula, and the peroneus
brevis tendon originates from superior 2/3 of the fibula and the interosseous
membrane.

Typically, the muscle-tendinous unit of the peroneus brevis tendon is located
proximal to the superior peroneal retinaculum; however, it may occasionally present
a lower insertion and generates a continent-contained conflict at the retromalleolar
groove, increasing pressure in this space and producing pain [6]. Under the same
perspective, a quartus peroneus muscle can be located inside this space and produce
a similar situation. The prevalence of this muscle oscillates between 10% and 22%
and typically originates from the muscle belly of the peroneal brevis and inserts into
the peroneal trochlea of the calcaneus [7-10].

Both tendons enter in a common synovial sheath approximately 4 cm proximal
to the tip of the lateral malleolus. They run posterior to the lateral malleolus through
a fibrous bone tunnel called the retromalleolar groove, with the peroneus longus
tendon located posterolateral with respect to the peroneus brevis tendon. Distal to
the articulation of the ankle, the synovial sheath separates upon reaching the pero-
neal trochlea on the lateral face of the calcaneus. The peroneus longus tendon passes
underneath the peroneal trochlea, and the peroneus brevis tendon passes over the
top. The peroneal tendon transverse inferior retinaculum lays approximately 2-3 cm
distal from the tip of the fibula. The peroneus brevis tendon continues directly until
its insertion in the tuberosity at the base of the fifth metatarsal. The peroneus longus
tendon rotates medially between the groove of the cuboid and the long plantar liga-
ment and inserts in the superficial plantar surface of the first metatarsal and the lat-
eral aspect of the medial cuneiform.

There are two critical zones for the pathology of the peroneal tendons: the retro-
malleolar groove for both tendons and the cuboid notch for the peroneus lon-
gus tendon.
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The retromalleolar groove is limited by the superior peroneal retinaculum pos-
terolateral and anterior to the fibula and medially by both talofibular (anterior and
posterior) and calcaneofibular ligaments [11, 12]. This groove is lined by fibrocarti-
lage and varies in depth and shape [13], potentially affecting the stability of the
peroneal tendons when passing behind the fibula. In a cadaveric study of 178 fibu-
las, 82% presented a concave retromalleolar groove, 11% flat, and 7% convex [14].
The groove measures between 6 and 7 mm in width and between 2 and 4 mm of
depth and is reinforced by a fibrocartilage ridge. The shape of the groove is deter-
mined more by its fibrocartilage ridge than by the concavity of the fibula [15, 16].
Although the morphology of the retromalleolar groove can contribute to the sublux-
ation and consequent injury of the peroneal tendons [7, 14, 17], apparently there are
no clinical differences considering groove type in patients with and without instabil-
ity of the peroneal tendons [18]. The superior peroneal retinaculum is the primary
restriction to avoid subluxation of the peroneal tendons in the ankle. This structure
corresponds to a band of fibrous tissue approximately 1-2 cm of width that origi-
nates from the posterolateral and distal fibula, with great variety in its insertion [19].

The passage of the peroneus longus tendon at the level of the cuboid notch rep-
resents a zone of direction change and therefore of increased stress for the tendon.
The os peroneum, a fibrocartilaginous enlargement, is a structure that increases the
resistance of the peroneus longus tendon in this zone of maximum stress, and it is
estimated that it ossifies in approximately 20% of the general population [20, 21].
The hypertrophy of the os peroneum is considered a cause of tenosynovitis in the
peroneal tendons [9, 21-23], given the mechanical stress trauma and thinning of the
sheath that can secondarily alter normal excursion [24].

The peroneal arteries and the perforating branches of the anterior tibial artery
irrigate the lateral compartment of the leg. Additionally, they receive irrigation
through links that originate from the posterior peroneal artery and from branches of
the medial tarsal. These links penetrate the posterolateral aspect of each tendon of
its route to the retromalleolar groove. It has been proposed that the peroneal tendons
present critical vascular zones that can contribute to tendinopathy [25]. However,
the presence of avascular zones has been refuted by many authors [26, 27].

Pathophysiology

Tendinosis and tenosynovitis of the peroneal tendons correspond to an alteration of
the normal tendon structure and inflammation of the synovial sheath, respectively
[11, 28]. Among its causes are repetitive and prolonged activities, severe inversion
ankle sprains, chronic instability of the ankle, peroneal subluxation, and fractures of
the ankle or calcaneus [7, 23, 24, 29-33]. Although the etiology of peroneal tendons
tears is not completely understood [34], predisposing anatomical factors have been
reported to contribute to this pathology. A convex fibula groove, low or abnormal
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muscle belly, incompetence of the superior peroneal retinaculum, presence of a pos-
terolateral osteophyte, and cavus foot have been associated directly with injury of
the peroneal tendons [35, 36].

The primary function of the peroneal muscles is the eversion and plantar flexion
of the ankle. Secondarily, the peroneus longus produces plantarflexion of the first
metatarsal. Both tendons participate in the dynamic stability of the ankle especially
during the partial support and elevation of the heel on the gait [13, 37].

The presence of anatomical variants related both to the retromalleolar trochlea
can predispose the presence of pathology of the peroneal tendons. The hypertrophy
of the peroneal trochlea also has been implicated in the pathogenesis of this problem
increasing the mechanical stress in the peroneal tendons, potentially leading to ten-
dinopathy and restriction of the normal displacement [7, 22, 38—41].

The presence of cavus and/or varus of the foot predisposes to biomechanical
alterations of both peroneal tendons, reducing the lever arm and increasing forces of
displacement in the lateral malleolus, peroneal trochlea, and in the cuboid notch
[42, 43], so the addition of other stress agents can raise the probability of producing
disorders at the level of the peroneal tendons.

Tendinopathy and/or tear of the peroneal tendons can cause lateral instability of
the ankle and can present acute or chronic. During acute inversion of the ankle, an
impingement of the peroneus brevis tendon is produced between the peroneus lon-
gus tendon and the posterior aspect of the fibula, which can lead to a longitudinal
split tear (Fig. 6.1) or a complete tear of the peroneus brevis tendon [44, 45]. The
posterolateral border of the fibula can create a defect in the tendon while it is repeat-
edly subluxated over the crest. This defect often evolves into a longitudinal tear of
approximately 2.5-5 cm in length [46].

Tears of the peroneus longus tendon can occur in an isolated form or in conjunc-
tion with tears of the peroneus brevis tendon. Acute tears of the peroneus longus
tendon result from sports injuries, lateral instability of the ankle, instability of the
peroneal tendons, or traumatic injuries such as tendon avulsion at the level of the os

Fig. 6.1 Longitudinal
split type tear of the
peroneus brevis tendon
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peroneum and/or traumatic lacerations of the tendon [17, 23, 30, 47-49]. Classically,
these tears occur at the level of the cuboid, in the os peroneum, in the peroneal
trochlea, or at the level of the tip of the lateral malleolus [50-54].

Although longitudinal tears are the most frequent, there has also been docu-
mented transverse tears of both tendons. These tears occur most frequently in acute
injuries and are located distal to the os peroneum but also can occur at the level of
the muscle-tendinous unit [55].

Peroneal tendon instability occurs under physiological loads, as the tendons alter
their position and/or anatomical location producing symptoms. This condition can
be subdivided depending on the competence of the superior peroneal retinaculum
and the grade of dislocation (complete or incomplete) of the tendons with respect to
the retromalleolar groove. The most frequent form of presentation occurs with a
rupture of the retinaculum and producing dislocation of both tendons outside the
retromalleolar groove (Fig. 6.2a, b). The most common mechanism is an abrupt
contracture of the peroneal tendons during a forced inversion of the ankle or during
a forced dorsiflexion of the foot while it is in eversion [15, 56]. This produces dis-
ruption of the superior peroneal retinaculum and allows that the peroneal tendons
subluxate anteriorly over the lateral malleolus [12, 57]. This condition is frequently
associated with lateral instability of the ankle, considering that rupture of the lateral
ligamentary complex increases the tension over the superior peroneal retinaculum
[58, 59]. A dysplastic retromalleolar groove, hyperlaxity of the superior peroneal
retinaculum for a cavovarus hindfoot or congenital absence of the superior peroneal
retinaculum, can contribute to the subluxation mechanism of the peroneal tendons
[30, 60, 61].

Subluxation of the peroneal tendons can be classified in four grades. In grade 1,
the superior peroneal retinaculum is elevated from the fibula at the subperiosteal
level. In grade 2, the fibrocartilage crest comes off from the anterior aspect of the
fibula. In grade 3, the superior peroneal retinaculum is avulsed from the fibula with
a small cortical fragment, and in grade 4, the superior peroneal retinaculum is dis-
inserted at the level of its posterior insertion in the calcaneal and/or the Achilles
tendon [16, 62].

Fig. 6.2 Instability of the peroneal tendons in a left foot. (a) Peroneal tendons in anatomical situ-
ation and (b) dislocated outside the retromalleolar groove
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Diagnosis/Clinical Evaluation

A detailed history and a thorough physical exam are essential, in particular, for
patients presenting with chronic pain and instability of the ankle. Frequently,
patients refer repetitive ankle sprains or malleolar/calcaneal fractures, among other
injuries. Associated conditions are rheumatoid arthritis, psoriasis, hyperparathy-
roidism, diabetic neuropathy, use of fluoroquinolones, and history of infiltration
with corticosteroids, which should be investigated [55, 63-65].

Differential diagnosis include lateral instability of the ankle, tarsal sinus syn-
drome, fifth metatarsal, cuboid and fibula fractures, stress fractures of the calcaneal,
cuboid tunnel syndrome, osteochondral injuries of the talus, free bodies (tibiotalar
or subtalar), degenerative joint disease, tarsal coalition, sural neuritis, radiculopa-
thy, malign tumor, and accessory muscle or bone [60].

Acute peroneal tendinopathy is defined as symptoms presenting for less than
2 weeks, subacute if the symptoms are present for 2—6 weeks, and chronic if the
symptoms persist for more than 6 weeks [11].

Patients with a history of subluxation of the peroneal tendons often describe it as
a painful clicking sensation. Tears of the peroneus brevis tendon are often referred
to a persistent increase of volume along the trajectory of the tendon, while tears of
the peroneus longus tendon pain can flow around the cuboid notch and extend to the
plantar aspect of the foot in relation to its distal insertion zone.

The evaluation of the alignment of the hindfoot and forefoot is paramount, due
to the coexistence of cavovarus that can predispose it to injuries in the peroneal
tendons [37]. Coleman block test can be useful for determining if the cavovarus
hindfoot is the primary problem or if it is secondary to a plantar flexed first
metatarsal.

Tenderness can be generated while palpation of the peroneal tendons throughout
its entire length. The strength of the peroneal tendons should be evaluated for both
weakness and pain while performing counter-resistance to eversion of the midfoot,
maintaining the ankle in plantar flexion.

Presence of instability can be evaluated with flexion of 90° and requesting the
patient to actively perform movements of plantar flexion and dorsiflexion of the
ankle while counter resistance is performed. The test is considered positive when
you can see or feel the anterior subluxation of the tendons over the lateral malleolus.
Sobel et al. [21] described the compression test of the peroneal tendons in the pero-
neal grove to evaluate the presence of tendinopathy.

Radiological study of patients presenting with lateral pain of the ankle, and in
which there is a suspicion of peroneal pathology, should always include X-ray
examination. Weight-bearing anteroposterior, lateral, and Saltzman projections of
both ankles should be obtained. Abnormal findings indicating pathology of the
peroneal tendons include an avulsion at the base of the fifth metatarsal, an avulsion
of the distal fibula denominated “fleck sign” (that indicates a grade 3 injury of the
superior peroneal retinaculum which is in turn pathognomonic of traumatic
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subluxation of the peroneal tendons) [66], hypertrophy of the peroneal trochlea, or
presence of an os peroneum [37]. X-rays can also reveal fractures of the os pero-
neum or an os peroneum bi- or multipartite [53, 54].

Ultrasonography (US) is a noninvasive method allowing dynamic evaluations of
the tendons [66] which is useful to evaluate competence of the superior peroneal
retinaculum.

MRI is the standard method for evaluating disorders in tendons, since it provides
a tridimensional evaluation of the peroneal tendons [67]. Axial views with the foot
in slight plantar flexion provide the best definition of the contour of the peroneal
tendons, the content of the synovial sheath, and the adjacent structures such as the
superior peroneal retinaculum or the retromalleolar groove [68, 69]. Both tendons
normally present a homogenous intensity in signal T1, T2, and in STIR (short tau
inversion recovery). In cases with tenosynovitis, tendinosis or in tears of the ten-
dons, high-intensity signal in T2 or in STIR, decrease in the homogeneity of the
signal, or thinning of the tendons can be observed [70, 71] (Fig. 6.3).

Computed tomography is a useful method to define with greater accuracy those
bone abnormalities associated with tendinopathy of the peroneal tendons such as
hypertrophy of the peroneal trochlea, calcaneum fractures, os peroneum or lateral
malleolus avulsion fracture [32].

A tear of the peroneal brevis tendon can be appreciated in the shape of a V
(“‘chevron-shaped”), bisected or with an increased signal in T2 [68]. Common

Fig. 6.3 Compatible findings with tear of the peroneus brevis tendon, tenosynovitis, and dissec-
tion by synovial liquid of the superior peroneal retinaculum in the fibula, suggesting instability of
the peroneal tendons
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findings in cases with tears of the peroneal longus tendon include an increased sig-
nal inside the tendon in a linear or circular shape, a synovial sheath with excessive
fluid, bone edema in the lateral wall of the calcaneal, or hypertrophy of the peroneal
trochlea [72, 73]. Additionally, loss of homogeneity can be seen on MRI, with dis-
continuity of the tendon or with fracture and/or an increase of intensity of the signal
in the os peroneum [60].

Treatment
Conservative Treatment

Despite the fact that conservative treatment in patients with chronic peroneal tendon
injuries has shown a failure rate of up to 50%, particularly in peroneal tendon insta-
bility [16, 74].

Several conditions should be taken into consideration: chronicity of the injury,
the moment of the injury, associated clinical findings, level of activity, and patients’
expectations [75]. Conservative treatment includes nonsteroidal anti-inflammatory
drugs (NSAIDs), ice, compression, physiotherapy with stretching, strengthening
and proprioception exercises, modification of the activity, and variable methods of
immobilization. In refractory cases, rigid ankle braces and/or orthotics with ankle
mobility restriction (CAM-boot) can be used.

Injections with NSAIDs or corticosteroids inside the synovial sheath of the ten-
don can be diagnostic and therapeutic. However, infiltration with corticosteroids
should be limited to avoid iatrogenic tears of the peroneal tendons [37, 41].

Surgical Treatment

Pain persisting after a prolonged conservative treatment after a minimum of
3 months and imaging study evidence of tendinopathy of the peroneal tendons are
indications of surgical management [21, 38, 41].

Tendinopathy

Surgical treatment implies debridement of the affected tendon, and tenosynovec-
tomy can be performed with open or endoscopic procedures. For the open proce-
dure, a lateral incision is made, starting 1 cm back from the tip of the fibula and
extends to distal following the course of the peroneal tendons until 1 cm proximal
to the base of the fifth metatarsal. During this approach, special care should be taken
not to damage the sural nerve, of which is located in the retromalleolar zone between
the lateral malleolus and the Achilles tendon. The synovial sheath of the peroneal
tendons is opened longitudinally, and each tendon is inspected if there is evidence
of erythema, attenuation, synovitis, and/or granulatory tissue that must be debrided.
The peroneus longus tendon should be explored distally up to the cuboid groove. If
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it is evident, a peroneal quartus tendon or a peroneal brevis of low insertion must be
resected (Fig. 6.4).

Associated split tears must be repaired firstly with the tubularization technique;
however, it is reported that tears of 30% or less of the thickness of the tendon are
resected since they correspond to areas of tendinosis [76]. The authors prefer to
resect the affected segment and not to tubularize the remaining to maintain an ade-
quate excursion of the tendon. The postoperative management includes a period of
brief initial immobilization with the foot in plantar flexion and eversion, which will
allow for the correct healing of the peroneal tendons.

Indication for tendoscopy in the peroneal tendons is pain caused by an inflamma-
tory process related with the peroneal and their synovial sheath [4, 5]. The tenosyno-
vitis of the peroneal tendons is often associated with recurring sprains of the ankle or
chronic lateral instability of the ankle [60]. As the peroneal muscles act as lateral
stabilizers of the ankle as greater stress falls on them in cases of recurring sprains,
microinstability or greater chronic instability resulting in tenosynovitis (Fig. 6.5).

Fig. 6.4 Lateral approach
for accessing the peroneal
tendons. Identifies a
muscle belly of low
insertion in the peroneus
brevis tendon, which
should be resected

Fig. 6.5 Tendoscopy of
the peroneal tendons. A
tenosynovitis of both
tendons can be observed,
without evidence of tears.
The mechanical
debridement of the
synovitis is performed
through the middle portal
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Instability

Incompetent Superior Peroneal Retinaculum

In these patients, incompetence of the superior peroneal retinaculum determines
that the peroneal tendons are dislocated outside of the retromalleolar groove.
Surgical treatment is usually indicated in young patients and athletes that have
presented acute episodes or recurrences of subluxation [77]. Many surgical proce-
dures have been described, including (1) anatomical reconstruction of the reti-
naculum, (2) bone-block technique, (3) reinforcement of the superior peroneal
retinaculum with transference of adjacent soft tissue, and (4) deepening of the
retromalleolar groove [58]. Independently from the selected procedure, all associ-
ated pathologic findings with debridement of the low muscle belly of the peroneal
brevis or the presence of a peroneus quartus should be addressed. The anatomical
reinsertion of the superior peroneal retinaculum is the procedure of choice in
acute injuries, since it allows to primarily return the containment of the peroneal
tendons [58].

The procedure consists of making an incision in line with the peroneal tendons
approximately at 6 cm proximal and 2 cm distal to the tip of the fibula. The supe-
rior peroneal retinaculum is elevated from the posterolateral aspect of the fibula,
and a rongeur is utilized to expose cancellous bone for healing. Three drill holes in
the posterolateral border of the fibula are performed to reinsert the retinaculum
with transosseous suture. Alternatively, suture anchors can used into the posterolat-
eral border of the fibula to reinsert the retinaculum. Non-reabsorbable, high-resis-
tance sutures are used to approximate the superior peroneal retinaculum to the
bone [78, 79]. Adachi et al. [79] did not report episodes of subluxation with this
technique after a follow-up period of 3 years, and Maffuli et al. [78] reported that
all patients returned to their previous activity levels. In general, the authors con-
comitantly perform a groove deepening procedure as described by Anderson [80],
independently of the peroneal groove morphology. Recently most authors are mov-
ing out from groove deepening procedures into retinaculum tightening with similar
good results and apparently less pain and recovery time. This approach is based in
studies showing that there is no relation between groove shape and peroneal tendon
dislocation [81]. Kelly et al. [82] originally described the bone-block technique
that consists of a sagittal osteotomy of the distal fibula, followed by a posterior
displacement of this lateral fragment that serves as a mechanical block to the sub-
luxation of the peroneal tendons. Nonunion, tendon irritation, and adherence to the
subjacent bony fragment are reasons not to consider this modality the treatment
of choice.

Patients that present with recurrent subluxation of the peroneal tendons fre-
quently are associated to insufficiency or attenuation of the superior peroneal reti-
naculum. Many types of tissue transfer have been described, including the plantaris
tendon and the peroneus brevis tendon to reinforce the superior peroneal retinacu-
lum [60, 79].
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Deepening of the retromalleolar groove is another procedure used for the treat-
ment of the recurrent dislocation of the peroneal tendons. Open techniques can be
done by impaction of the posterior fibular after elevating the peroneal tendons, and
an osteotomy of the posterior fibular wall is performed maintaining a hinge on
medial side. Cancellous bone is removed until a 5 mm deepening is reached, and the
osseous flap is reduced and impacted. The peroneal tendons are reduced, and the
superior peroneal retinaculum is repaired [60, 78].

The endoscopic deepening of the peroneal groove is a noninvasive procedure to
address chronic subluxation of the peroneal tendons [5, 83]. Under endoscopic con-
trol, the groove is easily deepened with the use of a burr [83]. In those cases in
which there exists a concave surface of the peroneal groove, the endoscopic repara-
tion of the superior peroneal retinaculum will be indicated, as described by Lui
et al. [84].

Competent Superior Peroneal Retinaculum: Intrasheath Dislocation

In this subgroup an injury of the superior peroneal retinaculum is not observed,
and the patients describe pain in the retromalleolar zone without clinically dislo-
cation. This clinical entity includes a flat or convex peroneal groove and/or the
added presence of an anatomical structure occupying the space that includes a low
muscle belly of the peroneus brevis or a peroneus quartus [78, 85, 86]. The surgi-
cal treatment through endoscopic or open approach includes the resection of the
occupying added structures of evident space, and in those patients without struc-
ture occupying space, deepening of the peroneal groove can solve the sublux-
ations [5, 86].

Tears

Sobet et al. [6] classified tears of the peroneus brevis tendon by severity: (I) widen-
ing of the tendon, (II) tears of partial thickness < 1 cm of diameter, (IIT) complete
tear of thickness of 1-2 cm of diameter, and (IV) complete tear of thickness > 2 cm
of diameter. Then Krause and Brodsky [47] designed an alternative classification to
guide surgical management according to the area of cross section of the viable ten-
don: (I) compromise of the tendon <50% and (II) compromise of the tendon >50%.
Likewise, tears compromising <50% of the cross section area should be treated with
excision of the affected area and tubularization of the remaining tendon. If the nor-
mal anatomical shape of the peroneus brevis tendon is flat, tubularization should not
be indicated. Those tears that compromise >50% should be treated with tenodesis to
the peroneus longus tendon.

Despite a low incidence of tears of the peroneal tendons, repairing and debride-
ment and tubularization of the tendon have been proposed as the best option for
treatment [44, 45, 73]. However, although the evidence available comprises of a
series of cases [35, 49, 70, 87], expert opinions [14, 88], or case reports [89], it has
not been demonstrated that the normal biomechanics of the ankle and foot are
restored with these surgeries. The problem that arises with these pioneer studies is
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that there were no established guidelines of what can be considered a remnant of
adequate and viable, susceptible to repair. Tenodesis of a severely damaged pero-
neal tendon to the adjacent tendon or even transfer to the cuboid or calcaneus has
been reported as a salvage option for the tears of the peroneus longus tendon [90]
and for the tears of the peroneus brevis tendon [35].

Although tenodesis is a relatively simple surgical procedure and less demanding
from technical point of view, there are still questions about its functional results. It
is estimated that at least 50% of the patients who submitted to this surgical tech-
nique were not able to resume their previous levels of activity, while approximately
two-thirds reported pain related with the activity [47].

To preserve the continuity of the muscle-tendon unit, Mook et al. [88] described
bridging the defect with an intercalary segment of allograft tendon. In each case, the
allograft was integrated into the distal end of the native tendon with a Pulvertaft type
suture, or in case of distal end inadequately fusing, it is sutured with anchors of
3.5 mm at the base of the fifth metatarsal. After appropriately adjusting the tension
of the muscle-tendon unit, another Pulvertaft suture is used to integrate the proximal
segment of the allograft in the healthy remnant of the native tendon.

Tears of both peroneal tendons have been rarely documented, and the great
majority of studies correspond to case studies [24, 49] or small retrospective series
[34, 87,91, 92]. And the presence of irreparable tears of both tendons is even rarer;
consequently, its treatment is controversial.

Another valid alternative for reconstructing irreparable tears of both peroneal
tendons is tendon transfer. Borton et al. [55] initially described the transference of
the flexor digitorum longus tendon (FDL) as a method of reconstruction for con-
comitant irreparable tears of the peroneal tendons. Redfern and Myerson [34] sub-
sequently reported the use of FDL transference in four patients with type Illa
concomitant tears. In a series of seven patients with chronic tears and both irrepa-
rable tendons, Wapner et al. [91] reported good results with the use of a Hunter Bar
and then a transference of the flexor hallucis longus (FHL), as a procedure of sal-
vage in two stages.

Tendoscopy treatment of peroneal tendon tears is possible for the majority of
patients when tendon tear is localized in the retromalleolar zone. On the other hand,
when the diagnosis for peroneal tendon tears is not possible through means of
image, tendoscopy of the peroneal is indicated as diagnosis [2-5].

The endoscopic debridement in partial tendon tears is possible in all zones. The
possibility of endoscopic resection of the smallest tendinous lip must be considered
in those split-type complete longitudinal tears [11]. However, the reparation and
endoscopic suture in total or partial longitudinal tears is a technically possible pro-
cedure in the retromalleolar zone, but not in other zones where an open or mini-
open procedure is suggested [5].

In some cases of peroneal tendon tears, some additional tendoscopic techniques
such as the deepening of the peroneal groove or the resection of a low muscle belly
of a peroneus quartus can be carried out.
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Literature Review

Mercer et al. performed a systematic review conducted according to PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines
on MEDLINE, EMBASE, and The Cochrane Library databases in August 2020
with combination of search terms of peroneal tendon or peroneal tear or peroneal
tendon tear [93]. As a result of the search findings, nine articles evaluating a total of
336 patients were included in this systematic review with six articles being retro-
spective studies and three being case series. The systematic review demonstrated
improvement in functional outcomes (AOFAS, FAAM, VAS, SF, LEFS, and SMFA
scores) after surgical treatment intervention for peroneal tendon tears, which showed
significant improvement from baseline for each surgical intervention consisting of
primary repair with and without tenodesis, FDL/FHL tendon transfer, and allograft
reconstruction, and no statistical significance was identified between each surgical
treatment modality [93]. The systematic review found that overall the most common
concomitant pathologies found during arthroscopic evaluation were peroneal syno-
vitis and lateral ankle instability, and the complication rate for patients who under-
went primary repair without tenodesis was associated with a higher rate of
complications [93].

Conclusion

Disorders of the peroneal tendons are infrequent but at the same time underdiag-
nosed as pain and lateral dysfunction of the ankle. For the correct diagnosis, a
detailed clinical history should be performed as a complete physical exam, as well
as understanding the mechanisms of injury and the anatomical variants that can
predispose to said injury. MRI is the gold standard for the evaluation of the pathol-
ogy of the peroneal tendons. Dynamic MRI is a new available and useful option.
Although there exists diverse alternative of surgical treatment, there does not exist
sufficient evidence to recommend one treatment over the other in irreparable tears
of the peroneal tendons. The tenodesis is an easy and reproducible procedure that
should be reserved for patients with less functional demand. The reconstruction
with allograft should be reserved for those patients with higher demand that pre-
serves muscular excursion and maintains the functional muscle-tendon unit. In the
presence of irreparable tears of both peroneal tendons without muscular excursion,
a tendon transfer should be considered as a salvage procedure (Fig. 6.6).
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Posterior Tibial Tendon Injuries 7

Michael F. Levidy, Lea Bach, Nicholas Genovese,
Adam Weiner, and Sheldon S. Lin

Anatomy/Biomechanics

The posterior tibial tendon (PTT) is continuous with the posterior tibial muscle. The
muscle originates from the proximal third of the tibia and interosseous membrane in
the deep compartment of the calf (see Fig. 7.1). The PTT lies posterior to the medial
malleolus, coursing posterior to the axis of the ankle and medial to the axis of the
subtalar joint. The tendon then continues distally toward the medial side of the
navicular and splits to form attachments to the navicular tuberosity and the plantar
aspects of the medial cuneiform and second—fourth metatarsals.

The anatomy of the PTT demonstrates its function: elevation and maintenance of
the medial longitudinal arch of the foot. Loss of this function helps explain a com-
mon presentation of posterior tibial tendon dysfunction — a flattened arch with
stretching and weakening of associated soft tissue structures. PTTD is also com-
monly associated with inability to perform a single-leg heel rise. This results from
loss of a different function of the PTT, namely, inversion of the subtalar joint and the
resultant “locking” of the transverse tarsal. Without this locking action, the foot
lacks the rigidity required for the push of phase of gait, as well as the mechanical
advantage required by the gastrocnemius-soleus complex to perform the heel rise
test. The PTT is also indirectly involved in supporting the calcaneus.

Etiology/Risk Factors

PTTD has multiple direct etiologies. Typically, PTTD begins as an inflammatory
synovitis related to overuse. Two areas of the tendon are particularly at risk.
Proximally, this involves the first area of tendon about 1 cm distal to the medial
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Fig.7.1 Left: Intraoperative view of PTT showing pathology. Right: T2 weight axial section MRI
showing healthy and torn PTT. Photo courtesy of Dr. Terry Philbin of the Orthopedic Foot and
Ankle Center

malleolus. This phenomenon was best explained by Frey and Sherrif, who demon-
strated a zone of hypovascularity 1.5 cm distal to the medial malleolus. Distal syno-
vitis can also occur at the PTT insertion points, although it is less common. Slip 1
issues typically involve the tuberosity of the navicular, the inferior aspect of the
naviculocuneiform capsule, or the medial cuneiform, while slip 2 issues involve the
plantar surface of the cuneiform, cuboid, or base of the metatarsals. PTTD can
rarely occur from acute trauma. Trauma cases may involve dislocation of the ankle
with incarceration, untreated Lisfranc fracture-dislocations, or Charcot arthropathy.
Steroids have been implicated in PTTD, too, with higher dosages being correlated
with more PTTD. Structures interrupting the passage of the PTT, such as an acces-
sory navicular or exostosis, can also play a role in PTTD by irritating the tendon
itself. Very rarely, a neoplastic cause is the root of the problem, as in PVNS.

Risk factors for PTTD are numerous, but key pathognomonic among them are
the “four Fs” — fat, female, over forty, and fertile. Additional factors include hyper-
tension, obesity, diabetes, prior surgery or trauma in the area, steroids, and sero-
negative inflammatory disorders like ankylosing spondylitis, Reiter syndrome, and
psoriasis. History takers must keep these in mind when working up a suspected
PTTD case so as not to miss an underlying cause.

Diagnosis/Clinical Evaluation

History — While PTTD symptoms vary with severity of disease, patients will typi-
cally complain of medial ankle pain, fatigue, or swelling along the course of the
tendon, with more diffuse pain occurring as the disease progresses. Onset is usually
gradual, so patients may not be able to recall an inciting event. Symptoms are often
experienced during normal daily activities like walking on uneven ground or hurry-
ing to catch a bus. At later stages, pain may be reported on the lateral side of the
ankle, too, as the calcaneus begins to impinge on the fibula. Secondary dysfunctions
may also accompany later stages of disease, including equinus deformity, horizontal
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orientation of the subtalar joint, valgus orientation of the heel, calcaneus impinge-
ment on fibula, hallux elevatus, and Achilles contracture.

Visual — As PTTD progresses, visual signs become easier to notice. Chief among
them is the progressive collapse of the medial longitudinal arch as a result of a
diminished arch maintenance force from the PTTD. Loss of dynamic forces from
PTT leads to stretching of the static ligaments of the medial foot. Simultaneously,
subtalar eversion takes place, resulting in a loss of secondary soft tissue support
from the deltoid ligament, talonavicular capsule, and spring ligament. The heel then
assumes valgus positioning, and the foot abducts at the talonavicular joint, resulting
in the “too-many-toes” sign. Visual examination of more severe cases may also
reveal forefoot abduction from the neutral positioning observed in less severe cases,
as well as fixed supination deformity. During surgery, hypertrophy of the PTT may
also be noted.

Physical — Physical examination of PTTD includes the single-leg heel rise test.
Patients lose the ability to perform this test as the disease progresses; thus the results
are helpful in staging. Additionally, physical examination should involve testing of
the various muscle groups of the lower leg, notably including the posterior tibial
muscle, by asking the patient to plantarflex and invert against resistance. It is also
crucial to evaluate the subtalar, ankle, and transverse tarsal joints for range of motion.
As disease progresses, mobility of the subtalar joint is reduced, and again, this find-
ing is particularly useful in staging. Finally, the Achilles should be assessed for pres-
ence of a contracture, as it is a common concomitant finding in patients with PTTD.

Radiographic — Radiographic studies typically include ankle and foot series. It
is important to emphasize that radiographic studies be performed in a weight-
bearing position to ensure proper alignment and joint spacing. The AP view of the
foot in AAFD will show abduction of the forefoot via the transverse tarsal joint, as
well as uncovering of navicular or talonavicular joint. The lateral view will show a
decrease in the talometatarsal angle, which may range +10 to —10 in normal patients,
but negative in PTTD patients. Lateral views may also reveal a decreased distance
from the medial cuneiform floor. Typically, this distance is from 15 to 25 mm.
Finally, the lateral view may also show a break in Meary’s line, the lateral line from
the talo-first metatarsal. MRI is not typically required to make a diagnosis and is not
helpful in the planning of treatment.

Histology — Although a biopsy is not recommended, it should be noted that his-
tology of PTTD shows degenerative changes in the tendon.

Staging

Staging of PTTD is important, as it informs treatment. The predominant classifica-
tion system was that of Johnson and Strom, which only includes three stages, which
has since been modified by Myerson to include a fourth stage. Still others suggest
that the second stage is too generalized and would benefit from subdivision into
classes IIA, IIB, and IIC. See chart below for detailed descriptions of each stage
(Table 7.1).
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Table 7.1 PTTD staging [1]

Valgus/
Single-heel rise  Hwmy- arthritis of
Stage Tendon Deformity ~ Pain test toes sign  the ankle
Stage Tenosynovitis, Absent Medial Mild weakness, No No
I degeneration normal hindfoot
inversion
Stage Elongation, Flexible, Medial Marked Yes No
1T degeneration reducible and/or weakness or no
lateral hindfoot
inversion
Stage Elongation, Fixed, Medial Unable Yes No
I degeneration irreducible  and/or
lateral
Stage Elongation, Fixed, Medial Unable Yes Yes
v degeneration irreducible  and/or
lateral

Nonoperative Treatments by Stage

Nonsurgical interventions may be an option for patients with PTTD stage I or 11
while the deformity is still flexible, with its purpose being symptomatic relief
through eliminating pronation and restoring the medial arch. Before initial treat-
ments for PTTD are started, decreasing posteromedial hindfoot forces through
weight loss and improvement of footwear as well as lifestyle and activity modifica-
tions are attempted. NSAIDs can be used simultaneously for pain. When lifestyle
modifications do not work, patients can be fitted for a CAM walker boot or short leg
cast. If symptoms are relieved, an orthotic device should be the mainstay of treat-
ment. If symptoms worsen or persist, surgical management should be considered.
There are many reasons a doctor or a patient would want to avoid surgery, particu-
larly when there are factors such as underlying health risk or advanced age that raise
the risk level. Nonoperative treatments consist of shoe inserts with medial heel and
sole shoe wedge, UCBL orthotics, ankle orthoses devices, and physical therapy.

Medial Heel and Sole Shoe Wedge Insert — These shoe inserts are used to sup-
port the medial part of the foot in order to stabilize the whole foot and attempt to
maintain the most optimum position possible for normal functioning. With a neutral
position of the foot, symptoms of PTTD are lessened or nonexistent, making it pos-
sible to return to active hobbies.

UCBL [2] - UCBL orthotic is a rigid custom-made insert that fully encompasses
the heel. It is used for controlling postural flexible deformities by maintaining a
neutral position in the hindfoot by locking the tarsal joints and keeping the calca-
neus in a neutral position, thus limiting forefoot abduction and pronation. The use
of UCBL orthosis has been shown to be 77% successful for the conservative man-
agement of stage Il PTTD based on several criteria [3]. UCBL use criteria consisted
of flexible deformity, less than a 10-degree forefoot varus, and not being clini-
cally obese.
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Arizona Brace — Ankle-foot orthoses (AFO) are another type of orthotic inter-
vention that can be used. Unlike foot orthoses which span the intrinsic joints of the
foot, AFOs extend above the ankle. One such device is the Arizona AFO (see
Fig. 7.2), a brace that starts proximally at the mid-shaft of the tibia and extends
distally to the metatarsal heads. It is designed to minimize hindfoot valgus align-
ment, lateral calcaneal displacement, and ankle collapse by way of a three-point
fixation. Augustin describes the boot being fitted with the calcaneus reduced to its
“proper anatomic alignment underneath the tibia and talus” [4]. Augustin and col-
leagues found that patients that used the Arizona AFO had a 90% improvement in
their symptoms based on questionnaires and physician evaluation.

Orthotic + Exercise — Physical therapy is seen to be a successful form of non-
operative treatment of PTTD stages I and II. Alvarez et al. utilized a combination of
orthotic and specific strengthening exercises for the peroneal, posterior and anterior
tibial, and triceps surae muscles [2]. Exercises consisted of isokinetic exercises,
exercise band, double- and single-support heel rises (DSHR, SSHR), and toe walk-
ing. Pain was monitored with a visual analogue scale (VAS), and functionality and
strength were assessed throughout the rehabilitation process. Participants were
given one of two types or orthotic devices: a short articulated ankle-foot orthosis

Fig. 7.2 The Arizona ankle-foot orthosis
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(SAAFO) is used if there was posterior tibial tendon pain for more than 3 months or
the patient could not perform a single-support heel rise or walk more than one block,
and a foot orthosis (FO) was given if a patient had posterior tibial tendon pain for
less than 3 months, could perform at least one SSHR, and could walk more than one
block. A strength discrepancy of more than 10% between a patient’s feet is consid-
ered clinically significant.

The physical rehabilitation treatment consists of a pretreatment phase followed
by three treatment phases of increasing difficulty and strength. The pretreatment
phase consists of seated sole-to-sole exercises, which continue until the patient can
successfully do 300 with ease. Phase 1 consists of an office evaluation and institu-
tion of another home exercise program consisting of 200 repetitions of dorsiflexion,
inversion, and eversion with a red exercise band, and a controlled eccentric phase
without any leg rotation was required. Phase II consists of the addition of isokinetic
workout. Inversion and eversion exercises of 6 degrees with gradual addition of
resistance, starting at 2 pounds, were started, and it was seen how many repetitions
could be done in a 20-25-min time frame and increased as tolerated. For the home
exercise program, exercise band resistance was increased. Weight-bearing SSHR,
working toward 50 repetitions, as well as toe walking working toward 100 yards,
and Biomechanical Ankle Platform System (BAPS) (Jelaga, Inc., Jasper, MI) were
started. Phase III consists of another evaluation of isokinetic strength and assess-
ment of toe walking for distance is performed. Phase II was then continued at an
increased intensity, and phase II was again repeated after four additional visits. If a
plateau had been reached or phase III was not passed or only saw minimal improve-
ment, then the treatment was considered to have failed, and patients were offered
the option of operative intervention.

After the program was completed, strength was improved from the baseline for
all directions (inversion, eversion, plantarflexion, dorsiflexion) both concentrically
and eccentrically. FO and SAAFO were important while strength and function were
regained. However, as symptoms subsided and functionality returned to normal, the
need for an orthotic device became unessential.

Operative Treatments by Stage (See Table 7.2)

Operative treatment of PTTD varies, but treatment options generally correspond
well to disease stage. In this section we will bring clarity to which treatment is best
in each case. It is important to note that cases should be individualized, and there is
no “one size fits all” approach to PTTD.

Stage I PTTD — Stage I can be treated conservatively. NSAIDs, immobilization,
ice, and physical therapy are sufficient to stop progression and even reverse symp-
toms. For this reason, surgical procedures at this stage may be considered only after
failure of nonoperative management.

Stage II PTTD - Stage II can be broken out into three substages: IIA, IIB, and
IIC. Many variations of treatment options exist for this stage than in others. In stage
ITA, MDCO with concurrent FDL transfer is recommended. These procedures form
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Table 7.2 PTTD treatments by stage

Stage  Surgical techniques

I N/A

ITA Tenosynovectomy, MDCO, and FDL transfer

1IB MDCO, FDL transfer, spring ligament repair, LCL, and/or Achilles lengthening

IIC Similar to stages IIA and IIB with a medial column procedure such as a cotton
osteotomy, Lapidus, or naviculocuneiform arthrodesis to correct forefoot supination
varus

Stage  Triple arthrodesis

111

Stage  Triple arthrodesis and/or total ankle reconstruction or TTC

v

the basis of all stage II surgical treatments. In stage IIB, MDCO and FDL transfer
are still recommended, but so too are additional procedures that bolster overall sta-
bility and biomechanics. These include a spring ligament repair, lateral column
lengthening procedure, and Achilles lengthening. Stage IIC addresses relatively
dorsiflexed medial column and loss of tripod by yet another procedure to IIB, just
as IIB added to ITA. In stage IIC, a medial column procedure, like Cotton osteot-
omy, Lapidus procedure, and/or naviculocuneiform arthrodesis, is recommended in
addition to those recommended for stage IIB.

Stage III PTTD — For a rigid pes planovalgus deformity of the type seen in stage
IIT PTTD, the subtalar and transverse tarsal joints are often arthritic and require
realignment fusion-type procedure. Surgical treatment for stage III PTTD is gener-
ally confined to triple arthrodesis. Unfortunately, this surgery results in a severe
limitation to ankle mobility.

Stage IV PTTD - Stage IV PTTD involves instability spreading to the ankle. It
mirrors stage III surgical treatment in the use of a triple arthrodesis, but adds addi-
tional ankle reconstructions to address the ankle instability, which may include del-
toid ligament reconstruction. Because of valgus ankle arthrosis, a total ankle
replacement may also be indicated. Traditional concepts utilizes pantalar fusion.

Details of Major Surgical Interventions

Surgical intervention for PTTD was first described in 1893 by Gleich, who outlined
a medial/plantar wedge to address medial arch flattening. Since then, a number of
surgical interventions have proven themselves useful in the treatment of PTTD. In
this section, we will describe those procedures and provide detail on indications,
contraindications, and complications. We begin with discussion of the most com-
mon surgeries and later discuss the secondary procedures that often accompany
PTT surgical treatment.

Tenosynovectomy of PTT — After standard prepping and draping in supine
position, prominences of the navicular tuberosity are identified. Skin incision is
made from the navicular tuberosity proximal to the medial malleolus. Care is
taken to longitudinally open the PTT sheath with inspection for any tears
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(especially at the level of medial malleolus), with possible repair and/or debride-
ment of PTT if needed. One should also inspect the spring ligament as well as
FDL tendon which is plantar to the PTT. This initial step forms the basis for other
surgical procedures.

The purpose of the tenosynovectomy is to dispose of any inflammatory tissue
that may contribute to further degeneration of the PTT at a later date.

Indications/Contraindications for Tenosynovectomy — Tenosynovectomy is
somewhat unique in that it forms the basis of most surgical PTTD interventions. As
such, it is almost always indicated in cases where surgery is indicated. Specifically,
this includes stages II and up, whenever conservative treatment attempts during that
stage have failed.

Complications of tenosynovectomy can include infection and structural com-
promise of the tendon itself. Notably, tenosynovectomy is not always sufficient to
prevent progression of disease, with many patients suffering continuing or worsen-
ing symptoms afterward. It is due to this shortcoming that the first stage of PTTD is
treated conservatively instead of operatively.

FDL Transfer — FDL transfer involves attaching the flexor digitorum longus to
the navicular, thus adding support to the existing PTT (see Fig. 7.3). Care is taken
to follow the FDA distally and harvest the FDL tendon beyond the navicular tuber-
osity, followed by running suture tuberlization. I used the guidewire from either 6.5
or 7.3 mm cannulated screw system from dorsal to plantar in the medial third of the
navicular, followed by drill bit to create the osseous tunnel. Care must be taken not
to be so medial to break the bone as a bridge. Initially, a curette is used to remove
any loose bone debris. This step facilitates passage of the free harvested FDL to be
transferred going from plantar to dorsal in the navicular osseous tunnel. One may
secure FDL by either sewing back to itself or using a biotenodesis screw.

Fig.7.3 Left: Medial view showing inflamed PTT and harvested FDL. Right: FDL transferred to
the dorsum via navicular. Photo courtesy of Dr. Terry Philbin of the Orthopedic Foot and
Ankle Center
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Complications — FDL transfer can lead to weakness in plantarflexion of the toes,
owing to the loss of FDL tension. Failure at the site of insertion is also possible,
particularly when other procedures that reduce load are not also performed.

Medial Displacement Calcaneal Osteotomy — Care is taken to use a metal wire
to localize the skin incision on the lateral calcaneus. I aim to be between the poste-
rior aspect of subtalar joint and superior tuberosity of the calcaneus. An incision is
made with care to avoid the sural nerve. We placed human retractors at the dorsal
and plantar aspect of calcaneus along the planned osteotomy. A small micro-sagittal
saw is used to perform the calcaneal osteotomy with care to avoid plunging. I often
gently place the micro-sagittal to the far cortex and finish the osteotomy of the far
cortex with dull osteotome. I will place a laminar spreader and stretch the soft tissue
1 cm. Next, holding the foot, I perform a medial translation of distal calcaneus
6—10 mm relative to size of the patient. Using my thumb to maintain the medial
translation on lateral distal calcaneal fragment, I will place a guidewire for either
a 4.5, 6.5, or 7.3 cannulated screw to a point just plantar to subtalar joint beyond
the angle of Gissane, followed by checking placement of wire using lateral and axial
Harris view. We then used countersink followed by screw placement (see Fig. 7.4).

Medial displacement calcaneal osteotomy (MDCO), also known as “calcaneal
slide,” is a technique first described by Koutsogiannis in 1971. The technique serves
to shift the biomechanical axis laterally, realigning it to reduce valgus and improve

Fig. 7.4 Top row: Pre-op MDCO. Bottom row: Post-Op MDCO. Photo courtesy of Dr. Terry
Philbin of the Orthopedic Foot and Ankle Center
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medial arch. The MDCO also produces benefits by repositioning the Achilles ten-
don relative to the rest of the foot, rendering it a stronger invertor and decreasing
stresses on other structures. Post-MDCO, improvement should be apparent on
radiograph with an improved T-N coverage ratio. Major benefits to the MDCO
approach include retention of flexibility in the foot and protection of the FDL trans-
fer site, which permits another common surgical intervention for PTTD (the FDL
transfer).

Indications/contraindications for MDCO include the following: MDCO is
used when a patient has stage II PTTD and conservative approaches have failed. Its
usage is more highly indicated with increased pain, hindfoot valgus, and obesity.
MDCO is contraindicated in cases of fixed deformity, especially subtalar, which
often precludes its use in later stages of disease. It is also not advisable in cases of
severe forefoot abduction and degenerative joint disease of the subtalar joint.

Complications of MDCO include medial plantar nerve paresthesia, sural nerve
neuritis, and disease progression. Overcorrection is possible, but more frequently,
an issue exists with undercorrection, taking the form of persistent forefoot abduc-
tion. Postsurgical calf atrophy has been reported, but is not a common complication.
Notably, nonunion of the displaced segments of the calcaneus is not a major concern
(see Table 7.3).

Variants on the traditional MDCO do exist, although they are relatively recent
developments, involving creating stepped, Z-shaped, or scarf cuts in the calcaneus
instead of vertical ones. The proposed benefit of these approaches cites increased
stability due to the geometry of the cut as well as increased surface area of healing
of the osteotomy.

Lateral Column Lengthening — If significant forefoot abduction still exists,
options include lateral column lengthening by either an Evans calcaneal osteotomy
or calcaneal cuboid fusion. Evans osteotomy is a joint sparing procedure, with a
bone cut 1 cm proximal to the CC joint with placement of either tri-cortical iliac
autograft, allograft wedge, or trabecular metal. I like to pin the calcaneal cuboid
Jjoint prior to placement of the distracting wedge to avoid loss of alignment of distal
fragment of the calcaneus. The calcaneal cuboid fusion is a joint-sacrificing proce-
dure performed with placement of either tri-cortical iliac autograft, allograft wedge,
or trabecular metal, with either screw or plate fixation.

Another common group of surgical interventions for PTTD is the lateral column
lengthening procedures. This includes the Evans procedure, also known as an extra-
articular lateral column procedure or lateral wedge procedure. As the name sug-
gests, it involves the insertion of a wedge along the lateral longitudinal arch of the
foot. The wedge provides lateral column support, corrects the talonavicular uncov-
erage, and prevents simultaneous soft tissue reconstructions from stretching. As
with the MDCO, T-N coverage and arch both improve. These procedures are par-
ticularly attractive, thanks to the minimal loss of subtalar motion (18-30%) [10].
Another option to perform lateral column lengthening is through fusion of the cal-
caneocuboid joint.

Indications/Contraindications for LCL — Lateral column procedures are indi-
cated in stage II disease, particularly in cases where correction of talonavicular
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Table 7.3 Collected surgical outcomes for MDCO with FDL transfer — note the absence of
nonunions

Avg Complications/
age #  Post-op Complication follow-ups Patient
Name Follow-up (years) feet AOFAS rate required satisfaction
Wacker 51 = 44 88.5 4.5% 4.5% CC fusion 97% good to
2002 [5] months excellent for
pain and
function
Fayazi 35 56 23 89 4.3% 4.3% DVT 96% “‘better”
2002 [6] months or “much
better”
4% “‘same”
Myerson  62.4 55 129 79 9.3% 0.8% severe 92% entirely
2004 [7]  months valgus satisfied
deformity
1.6% heel varus 97% had
relief of pain
2.3% sural 87%
neuritis improvement
0.8% calf of function
muscle atrophy
3.9% median
plantar nerve
distribution
numbness
Schuh 48 59.9 73 91 4.1% 1.4% hindfoot ~ N/A
2013 [8]  months varus
2.7% sural
nerve injury
Chadwick 15.2 years 54.3 31 90.3 12.9% 6.45% CC 87.1% totally
2015 [9] fusion satisfied
3.2% 9.6% satisfied
talonavicular with
fusion reservation
3.2% triple 3.2%
fusion unsatisfied

uncoverage is desired. Evans osteotomy is contraindicated in cases with minimal
forefoot hindfoot alignment, fixed pes planovalgus deformity or hypermobility,
DID or severe subtalar arthritis, and neuromuscular diseases and in the relatively
obese and elderly.

Complications of Lateral Column Lengthening — Pain is often reported where
the bone graft is sourced from the hip, although this is not a concern in cases where
an allograft is used. The osteotomy may violate anterior and/or middle calcaneal
facets, leading to arthritis and pain, and both of which are relatively common com-
plications of the surgery. It has been postulated that the arthritis complication is the
result of increased C-C joint pressure. Conflicting studies by Cooper, Momberger,
and Xia show increased pressure, decreased pressure, and a decrease followed by an
increase for the C-C joint, respectively [11-13]. In cases where calcaneocuboid
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fusion is chosen as the LCL procedure, there is a high risk of nonunion, overload,
and pain, along with a slight loss of motion. Lastly, pain due to hardware is a com-
mon complication, and hardware removal surgery is often required after an Evans
osteotomy (see Fig. 7.5) (see Table 7.4).

Medial Column Procedures — Cotton procedure: A dorsal incision is made
proximal at the level of the medial cuneiform or over medial column of the first
tarsometatarsal joint depending upon the planned procedure. For the joint-sparing
procedure, an opening wedge osteotomy of 6—10 mm is made at middle of the medial
cuneiform with placement of dorsal wedge of bone with care to align the forefoot
cascade and plantarflex the medial column. This is followed by fixation of the bone
wedge with either screw or plate.

Just as the lateral column can be targeted in the surgical treatment of PTTD, so
too can the medial column, although it is a less common and usually reserved for
more advanced forefoot supination with varus alignment to recreate the “tripod.”
Medial column procedures include the Lapidus procedure, naviculocuneiform
arthrodesis, or a plantarflexion cuneiform osteotomy (also known as a Cotton oste-
otomy after the doctor who first described it in 1936) (see Fig. 7.6). In either case,
the goal is to address the loss of tripod by increasing support along the medial arch
of the foot. The Cotton osteotomy is particularly useful in correcting forefoot supi-
nation, while Lapidus is best suited for cases where hallux elevatus has become
apparent. Lapidus procedure involves plantarflexion fusion of the proximal aspect
of the first metatarsal to the medial cuneiform.

WEIGHT

Fig. 7.5 Lateral column collapse due to allograft collapse (also with MDCO). Photo courtesy of
Dr. Terry Philbin of the Orthopedic Foot and Ankle Center
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Opened wedge containing graft
material

— Screw

Talar-metatarsal
axis
e

Medial Cuneiform

Fig. 7.6 Medial cuneiform or “Cotton” osteotomy

Indications/contraindications for a medial column procedure include advanced
stage II PTTD, usually with first TMT hypermobility, instability, or arthritis. It is
important to note that while disease is advanced, it is still stage II, and as such the
forefoot is not yet in a fixed deformity. Fixed forefoot supination and varus are in
fact contraindications to the surgery, as they may lead to an overload of the lateral
border of the foot.

Complications — Undercorrection and delayed union are possible with a Cotton
osteotomy, as is displacement of the graft. Hardware-induced pain is also a possible
complication.

The “All American” or “Around the World” or “Double Osteotomy”

The “All American” or “Around the World” or “double osteotomy” combines the
previously described MDCO with a lateral column lengthening procedure. The sur-
gery captures benefits from each, with strong results.

Indications/Contraindications — This procedure is indicated when there is a
severe loss of height due to severe pes planus and forefoot abduction.

Complications — The major complication associated with this surgery is pain at
the site of hardware. Moseir-LaClair et al. found that 35% of patients experience a
sufficiently high level of pain to necessitate hardware removal. A separate study by
Boffeli et al. found that sural neuritis is a possible complication, likely associated
with the incision it requires; although this complication isn’t unique to the All
American, it is worth noting. Calcaneocuboid arthritis has also been noted, as has
talonavicular joint degeneration (see Table 7.5).
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Table 7.5 Collected surgical outcomes of the “All American”

Follow-up Avg #  AOFAS Complication Patient
Name (months) age feet (SF-36) rate Complication  satisfaction
S 60 49 28 90 14% CC arthritis 81% near to
Moseir- complete
LaClair resolution of
2001 [21] symptoms
Boffeli 11.4 38 11 N/A 9% Sural neuritis  N/A
2015 [22]
Pomeroy 17.5 43 20 828 5% asymptomatic recurrence  90% AOFAS
1997 [23] (ankle- 5% talonavicular joint score
hindfoot)  degeneration improvement
5% broken screw
10% sural nerve distribution
numbness
20% hardware pain resulting
in removal
Ohl1 62.4 16 16 934(55.1 6.25% 6.25% 93.75%
2011 [24] physical) adhesions excellent
around PTT 6.25% good
and FDL
Silva 24 46 43 856 5% 2.3% sural N/A
2014 [25] (midfoot). nerve
83.3 entrapment
(hindfoot) 2.3% implant
(73) removal
following
infection

Triple Arthrodesis — The order of joint to be fused in triple arthrodesis consists
of subtalar joint followed by calcaneal cuboid and then talonavicular joint. First, a
modified Ollie skin incision is made from the tip of fibula to the base of fourth-fifth
metatarsal base. The EDB is elevated to expose the CC joint as well as subtalar joint.
Care is taken to make dorsal incision from medial aspect of EHL over the talonavicu-
lar joint. Care is taken to prepare the three joints to achieve raw bleeding bone bed,
with care to look for severe preexisting pes planovalgus deformity. One may have
add accommodative large medially based wedge allograft to restore hindfoot align-
ment to achieve 5 degree hindfoot valgus. The corrected hindfoot alignment is fixated
by placement of one/two subtalar screws, followed by lateral column lengthening by
autograft/allograft/trabecular wedge for the calcaneal cuboid joint (with either
screw or plate fixation). This is followed by talonavicular fixation (see Fig. 7.7).

Indications/Contraindications — Triple arthrodesis is generally reserved for
more severe cases of PTTD, especially those that involve a rigid flatfoot deformity.
The surgery involves fixation of the talonavicular, subtalar, and calcaneocuboid
joints. Not surprisingly, ankle mobility is severely restricted by this surgery. Triple
arthrodesis is generally only indicated in stages III and IV of PTTD, as it imposes
serious restrictions on movement and lifestyle. Specifically, triple arthrodesis is
indicated in cases of stage IV PTTD with passively correctable ankle valgus.
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Complications of triple arthrodesis may occur due to the malrotation or mal-
union of the proposed procedure, owing largely to the fact that the surgery is only
pursued in more advanced cases of PTTD. Nonunion is a relatively common com-
plication, specifically of the talonavicular joint, and likely contributes to another
common complication: progression of deformity. Post-op collapse has also been
reported in some cases (see Table 7.6).

Total Ankle Arthroplasty — In a total ankle arthroplasty, the entire joint between
the talus and the tibia/fibula is replaced. The opposing surfaces of each of these
bones are cut, and a manufactured insert is inserted. The new insert provides stabil-
ity to PTTD sufferers.

Indications/Contraindications — Total ankle arthroplasty is only reserved for
the most severe cases of PTTD.

Complications — The most common complications of this surgery are a progres-
sion of the deformity due to valgus tilt in the ankle joint, collapse of the medial arch,
and nonunion. Avascular necrosis of the talus is a rare but serious complication of
this technique and may present alongside damage to the deltoid ligament [27].

Variants — Numerous systems exist for the total ankle arthroplasty, although
most follow a similar procedure.

Fig.7.7 Top row: imaging pre-triple arthrodesis. Bottom row: post-triple arthrodesis. Photo cour-
tesy of Dr. Terry Philbin of the Orthopedic Foot and Ankle Center
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Details of Standard Concurrent Procedures

As previously mentioned, PTTD is often accompanied by damage to soft tissues.
For that reason, surgical interventions often include repair of these damaged struc-
tures alongside one of the “major” procedures described in the preceding section.
Below are some of the soft tissue repairs commonly undertaken during surgery for
PTTD. The choice of which of the following procedures should be done is generally
done on a patient-by-patient basis, although certain combinations are common, such
as MDCO with FDL transfer.

Cobb Procedure — Also known as an anterior tibial tendon transfer, this pro-
cedure is when the medial half of the anterior tibial tendon is attached to the
medial cuneiform or navicular. This is almost always done alongside an osseous
procedure such as an Evans osteotomy. It can also be done alongside an FDL
transfer.

Records identified through Additional records identified
5 database searching (PubMed, through other sources (Sage
§ cochrane) publishing)
= (n = 458) (n=11)
=
: l l
Records afte(rn d:zlé;%e;tes removed Records excluded
o 1. Full text w/ abstract unavailable = 86
£ 2. Not English = 18
Q l 3. Based on title and abstract = 32
o
5 4. Case reports = 27
@ 5. NonMEDLINE = 34
Records screened > | 6. Review Articles = 85)
— (n = 468) (n = 287)
. l
:-E, Full-text articles assessed Full-text articles excluded, with
& for eligibility ., ('nefsfgg)
(n=186) B
L Other tendon specific = 11
Other Foot pathologies = 10
) Non-op treatments =16
Diagnosis and Assessments = 44
= Risk factors/ Epidemiology = 7
g L . X X Op Treatment nonspecific for PTTD or
S Studies included in systematic review a certain procedure = 78
2 (n=20)
- Tx Op =20
[All American =5
— LCL=7
MDCO =5
Triple Arthrodesis = 3]

Fig. 7.8 PRISMA flow for literature review
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Spring Ligament Repair — A medial incision is made from the tip of the medial
malleolus to 2 cm distal to the navicular to inspect the posterior tibial tendon and
expose the spring ligament complex by retracting the tendon. Often the tear is obvi-
ously seen or soft tissue attenuation commonly is present. Nondegradable suture is
used to sew this soft tissue defect and reconstruct the spring ligament.

Tendo-Achilles Lengthening — Tendo-Achilles lengthening is performed by
either triple hemisection method of Hoke or more proximal gastrocnemius slide
depending upon the Silfverskiold test.

Evidence-Based/Critical Appraisal of the Literature

A comprehensive literature search conforming to PRISMA statement was per-
formed. See Fig. 7.8 for details (Fig. 7.8).

Final Treatment Algorithm

Using the information discussed in this chapter, an overall treatment algorithm can
be generated (Table 7.7). It is important to note that every patient is different, and

these serve broadly as guidelines. Treatment should always be tailored to the spe-
cific needs of the patient.

Table 7.7 Final treatment algorithm

Stage Nonsurgical Surgical
Tenosynovitis NSAID for 6-8 Weeks, CAM  N/A
boot

If symptoms improve, ankle
stirrup brace
If symptoms do not improve,
UCBL/Arizona
If still no improvement,
proceed to surgical treatment
Stage 1 Medial heel and sole shoe N/A
wedge, hinged ankle-foot
orthosis, orthotic arch supports
as stated above
Stage II Medial heel and sole shoe Stage IIA: MDCO and FDL transfer
wedge, stuff orthotic support, ~ Stage [IB: MDCO, FDL transfer + spring
hinged ankle-foot orthosis as  ligament repair, LCL, and Achilles lengthening
stated above Stage IIC: Similar as stages IIA and IIB with a
medial column procedure to correct supinated
forefoot varus (cotton, Lapidus, or
naviculocuneiform arthrodesis)
Stage III Rigid ankle-foot orthosis Triple arthrodesis
Stage IV Rigid ankle-foot orthosis Triple arthrodesis + total ankle reconstruction
OR TTC fusion
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Korey DuBois and Jacob Wynes

Introduction

The plantar fascia is a soft tissue structure on the plantar aspect of the foot that is
critically relevant to foot function and pathophysiology. It originates from the
plantar-medial tubercle of the calcaneus, spanning the plantar foot to insert on the
metatarsophalangeal joints and their associated toes. Injuries to the plantar fascia
result in over 1 million medical encounters in the United States each year, with
many patients requiring more than one visit [1, 2]. The natural history of plantar
fascia injuries encompasses a wide spectrum, from mild and self-limiting to severe
and debilitating. Risk factors for plantar fasciitis include high body mass index,
occupational risks such as prolonged standing, overtraining, physical inactivity, foot
structure (such as pes valgus or pes cavus), and biomechanical or gait abnormalities
[3, 4]. Although uncommon, rupture of the plantar fascia can occur and requires
accurate diagnosis by the treating clinician to achieve successful treatment [5].
Treatment of plantar fasciitis is usually amenable to conservative methods, but due
to the prevalence of these injuries, clinicians will encounter patients recalcitrant to
such noninvasive methods.
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Anatomy

The plantar fascia is an organization of connective tissue that originates from a
fibrocartilaginous attachment at the plantar-medial tuberosity of the calcaneus and
extends across the sole of the foot to the toes. Grossly, it is described as having a
medial, central, and lateral band with the central aponeurosis being the most robust
[6]. The medial band is thin and courses superficial to the fascia of the abductor hal-
lucis muscle. The lateral band extends from the calcaneal tuberosity to the abductor
digiti minimi fascia and the fifth metatarsal base. The central band is much more
distinct, it courses distally, and at the metatarsal level, it divides into five separate
components that ultimately find various insertions on each respective plantar plate
and associated phalanx. The plantar fascia is composed primarily of type I collagen,
but a small amount of type III and type IV collagen has been identified. Collagen
fibers are generally oriented in a longitudinal proximal to distal direction.
Histologically, the plantar fascia appears to be made up of a central “core” tissue
with dense, primarily type I collagen bundles, and a “sheath” tissue consisting pri-
marily of loose type IV collagen [7].

During gait, extension of the metatarsophalangeal joints causes tension of the
plantar fascia, which results in elevation of the medial longitudinal arch of the foot
and inverts the hindfoot. This is known as the windlass mechanism and was origi-
nally described by Hicks [8]. Following heel strike, tension on the plantar fascia
gradually increases, peaking at approximately 80% of midstance [9]. The plantar
fascia is capable of withstanding very high tensile loads, with reported failure loads
averaging 1189 N [10].

The inception of plantar fasciitis is believed to be repetitive microtrauma result-
ing in collagen injury. If the causative etiology is not managed, continued stress may
inhibit healing and lead to the chronic form of the disease, which is more appropri-
ately characterized as a degenerative process [11, 12]. Zhang et al. [7] found
increased inflammatory modulators and induction of aberrant stem cell differentia-
tion in the setting of simulated in vivo mechanical overload [7].

Recently, it has been shown that physiological mechanical loading of the plan-
tar fascia increases differentiation of stem cells into fibroblasts, which helps in
maintaining plantar fascia structure. However elevated nonphysiologic loading
resulted in gene expression for adipogenesis, osteogenesis, and chondrogenesis,
which may explain evidence for degenerative changes identified in surgical
pathology [7, 12].

Approximately 15% of people exhibit a plantar calcaneal spur. The anatomy,
histology, and etiology were closely studied by Kirkpatrick et al. [13], and they
report spurring is more prevalent in patients with plantar fasciitis/heel pain, patients
with elevated BMI, patients with arthritides, the elderly, and patients with abnor-
mal foot biomechanics [13]. Kumai et al. [14] found that the spur could not be a
traction spur, as they generally form deep to the plantar fascia and the trabecular
pattern is consistent with a vertically oriented force, rather than a horizontal trac-
tion force [14].
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Diagnosis/Clinical Evaluation
Plantar Fasciitis

In plantar fasciitis, the classic presentation is a patient reporting a sharp pain with
the first steps of a day. This pain usually evolves to become less severe with low-
impact activity, but with prolonged activity or high-impact exercise, the symptoms
may become exacerbated and more severe. Differential diagnoses include metabolic
causes such as gout, neurogenic causes such as lumbar radiculopathy or entrapment
of the first branch of the lateral plantar nerve, traumatic causes such as calcaneal
fracture or contusion, and rheumatic causes such as seronegative spondyloarthropa-
thy, rheumatoid arthritis, or reactive arthritis [15].

The patient will often present with limping and/or guarding of the affected
extremity. Evaluating the patient in stance is useful in identifying structural foot
deformity such as pes plano valgus or pes cavus. Palpation of the plantar calcaneal
tubercle will reproduce symptoms of plantar fasciitis. A calcaneal squeeze test is
useful in ruling out calcaneal stress fracture. Palpation of the course of the plantar
fascia should be performed to assess for plantar fascia rupture or pain associated
with plantar fibroma formation. A Silfverskiold test should be performed to assess
calf muscle-tendon tightness. Percussion of the tarsal tunnel should be performed,
and if it reproduces symptoms, a neurogenic component such as tarsal tunnel syn-
drome should be considered. Weakness or atrophy of the abductor digiti minimi
should be accessed, as entrapment of the first branch of the lateral plantar nerve is
known to cause heel pain as well as weakness to this muscle, which it innervates.

In patients with atraumatic heel pain, plain film radiographs are rarely indicated
on the initial visit [16]. It is important to consider atypical causes of heel pain that
may indicate early imaging. Examples include pain with calcaneal squeeze examina-
tion, which may represent a calcaneal stress fracture, or nocturnal pain, which may
represent neoplasm. Multiple studies have found ultrasonography to be clinically
useful in the diagnosis of plantar fasciitis [17-23]. Patients with symptomatic plantar
fasciitis generally exhibit thickening on ultrasound in comparison to asymptomatic
patients [19]. It is commonly accepted that plantar fascia thickness greater than
4.0 mm is considered pathologic [17, 19]. MRI is a valuable resource for the diagno-
sis of plantar fasciitis. MRI of symptomatic patients commonly exhibit perifascial
edema, which is characterized as a poorly differentiated area of increased STIR sig-
nal intensity within the tissue superficial and deep to the plantar fascia (Fig. 8.1).
Increased STIR signal intensity within the fascia may represent partial fascial tear-
ing. Fascia thickening greater than 5.0 mm is common in symptomatic patients.

Acute Plantar Fascia Rupture

Patients presenting with an acute plantar fascia rupture exhibit similar histories and
physical symptoms to patients with plantar fasciitis, but key differences will allow
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Fig.8.1 MRI
T2-weighted image
demonstrating perifascial
edema and plantar fascia
thickening in a 52-year-old
male patient

for accurate diagnosis and appropriate treatment. Most plantar fascia ruptures occur
in the setting of chronic degenerative plantar fasciitis, and a history of corticosteroid
injection for the treatment of plantar fasciitis is associated with most plantar fascia
tears [24-28]. Examination often shows acute plantar heel pain and ecchymosis. It
is important to engage the windlass mechanism and compare plantar fascia tension
to the contralateral foot, as decreased plantar fascia tension is diagnostic [28]. MRI
or ultrasound may be utilized for accurate diagnosis of partial or complete plantar
fascia tears [29].

Treatment
Plantar Fasciitis

A comprehensive literature search was performed, with no time limit to maximize
the pool of work available, conforming to the PRISMA statement. The databases
used were PubMed, CINAHL, and EMBASE. The search found a literature review
of plantar fascia injuries, which provided further articles that were included for
evaluation of nonoperative and operative treatments.

Nonoperative Management

The treatment plan should be tailored to each patient’s etiology, activity level, and
disease course. The American College of Foot and Ankle Surgeons [30] has classi-
fied plantar fasciitis into three stages. Acute plantar fasciitis refers to the initial 4 to
6 weeks after the onset of an inflammatory event due to mechanical overload.
Subacute plantar fasciitis is present when symptoms have persisted for approxi-
mately 6 to 12 weeks. Chronic plantar fasciitis occurs when the symptoms have
been present for greater than 3 months [30]. At this stage, degenerative changes may
be present within the plantar fascia, and treatment is much more difficult.
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Stretching Exercises and Physical Therapy

Multiple studies have shown that a tight calf muscle/tendon group resulting in lim-
ited ankle dorsiflexion is a common pathologic force in the development of plantar
fasciitis [11, 31-37]. Lack of anatomic ankle dorsiflexion results in increased pro-
natory moments at the subtalar joint and midtarsal joints, which is believed to
increase strain on the medial longitudinal arch and plantar fascia [11]. Stretching
exercises are a critical element of most initial treatment protocols and have been
shown to be an effective modality in both acute and chronic plantar fasciitis [31—
37]. The goal of stretching exercises is to increase ankle dorsiflexion, thereby reduc-
ing abnormal hindfoot motion and the resulting plantar fascia stress. Digiovanni
et al. [36] compared the outcomes of a plantar fascia-specific stretching protocol to
outcomes of an Achilles tendon stretching protocol. They concluded that a fascia-
specific stretching regiment was critical in treating chronic plantar fasciitis [36].
Engkananuwat et al. [32] prospectively evaluated outcomes between an Achilles
tendon-only stretching protocol and a simultaneous Achilles tendon and plantar fas-
cia stretching protocol. They found the simultaneous Achilles tendon and plantar
fascia stretching protocol to be significantly more effective than Achilles-only
stretching following a 4-week treatment period [32].

Night Splints

Night splints are most commonly prescribed as an adjunctive treatment for acute or
chronic plantar fasciitis. Probe et al. [38] evaluated 116 patients randomized to two
groups. Group one was treated with 1 month of oral anti-inflammatory medication,
Achilles tendon stretching exercises, and shoe recommendations. Group two
received the same treatment with the addition of a night splint. At 12 weeks there
was no difference in improvement between the two groups [38]. Powell et al. [39]
performed a crossover study of 37 patients with chronic plantar fasciitis. The first
group utilized a night splint in month one of the study, and the second group in
month two. Both groups discontinued use of the night splint over the next 4 months.
No other treatment modality was utilized. Both groups showed significant improve-
ment after 1 month of splinting [39].

Taping and Strapping

Taping can offer short-term symptomatic relief in patients with plantar fasciitis
[40—43]. Taping is effective in reducing mechanical strain on the plantar fascia,
thereby reducing symptoms. Landorf et al. [42] compared 65 patients with plantar
fasciitis who underwent a stretching routine and low-dye taping for 3 to 5 days to a
group of 40 patients who underwent only stretching. The group undergoing taping
showed a significant improvement in pain as compared to the control group [42].
Radford et al. [43] performed a randomized trial comparing low-dye taping with
sham ultrasound to outcomes in patients undergoing sham ultrasound alone. They
found taping provided a small improvement in “first-step” pain compared to the
sham intervention [43].
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Foot Orthoses

Both custom and prefabricated foot orthoses are prescribed for treatment of plantar
fasciitis. The goal of orthoses in this setting is to stabilize the foot and reduce tissue
stress secondary to biomechanical abnormalities. Kogler et al. [44] showed that
some foot orthoses could reduce plantar fascia strain in a “static stance” cadaver
model [44]. Whitaker et al. [45] performed a systematic review and meta-analysis
of studies accessing foot orthoses for plantar heel pain. They found moderate evi-
dence that foot orthoses were more effective than sham orthoses in reducing pain in
the medium term, which they defined as 7 to 12 weeks [45]. Gross et al. [46]
assessed the ability of plantar fasciitis patients to walk 100 meters with and without
custom semirigid orthotics. They found a reduction in pain during walking when the
patients utilized orthoses [46]. Redmond et al. [47] found there was no significant
difference in plantar pressures when comparing patients with flatfoot utilizing cus-
tom orthoses to patients with flatfoot utilizing prefabricated orthoses [47]. Landorf
et al. [48] found that custom and prefabricated orthoses provided mild short-term
improvement in pain and function, but did not produce long-term significant differ-
ences in comparison to sham orthotics [48].

Anti-inflammatories

Anti-inflammatory medications are utilized in most treatment plans for plantar fas-
ciitis. Options include oral nonsteroidal anti-inflammatories (NSAIDs), topical
NSAIDs, oral steroid anti-inflammatories, and corticosteroid injections. Donley
et al. [49] performed a randomized, prospective, placebo-controlled trial to access
the efficacy of oral NSAIDs in treatment of plantar fasciitis. They evaluated 29
patients with plantar fasciitis who received a conservative treatment plan that
included heel cups, heel-cord stretching, and night splinting. Half of the patients
also received an NSAID regimen (celecoxib 200 mg once a day for 30 days), and
half received a placebo. They concluded that the addition of an NSAID to conserva-
tive treatment protocols may increase pain relief and decrease disability [49].

The use of oral corticosteroids is common in the treatment of plantar fasciitis.
However, there are no studies evaluating the efficacy of oral corticosteroids in the
treatment of plantar fasciitis. They are most commonly prescribed as a methylpred-
nisolone dose pack or a prednisone taper. Long-term use of oral corticosteroids have
well-known adverse effects, most notably adrenal suppression [50]. Short-term oral
corticosteroids are commonly prescribed for a number of inflammatory conditions.
However, recent evidence shows that even short-term oral corticosteroids lead to an
increased risk of serious adverse events, such as infection, venous thromboembo-
lism, and fracture [51].

Corticosteroids are anti-inflammatory and can provide significant symptomatic
relief. Multiple studies have shown that corticosteroid injections can greatly reduce
pain, especially in the short term [52-54]. Unfortunately, there are a number of
adverse effects associated with corticosteroid injections; therefore their use is con-
troversial [55, 56]. Corticosteroids have been shown to cause connective soft tissue
breakdown secondary to collagen degeneration [57, 58]. Lee et al. [5] reported that
among 35 patients with plantar fascia rupture, 33 had received steroid injections,
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and steroid injection was the only variable associated with plantar fascia rupture in
their study [5]. Sellman [26] reported on a series of 37 patients who suffered plantar
fascia rupture following corticosteroid injection for plantar fasciitis. He noted some
patients developed long-term sequelae, including lateral column pain, metatarsal
stress fractures, and arch pain [26]. Acevedo et al. [25] reported a series of 765
patients with plantar fasciitis. Fifty-two patients were diagnosed with plantar fascia
rupture, and of those, 44 patients had previously undergone at least one corticoste-
roid plantar fascia injection. These patients also exhibited longer-term symptoms
including midfoot pain, lateral column pain, hammertoe development, and neuro-
logic symptoms localized to the lateral plantar nerve [25]. Despite these serious
adverse effects, corticosteroids are still utilized as a central component of many
treatment programs. Johannsen et al. [59] evaluated the effect of corticosteroid
injections combined with a strength training and stretching program. They found
that the addition of corticosteroid injections had superior short- and long-term out-
comes in the treatment of plantar fasciitis [59].

Utilization of ultrasound for guidance during corticosteroid injection has gained
popularity. Tsai et al. [60] compared a group of patients undergoing ultrasound-
guided injection to a group undergoing palpation-guided injection. They found use
of the ultrasound was associated with a lower recurrence of heel pain. Both groups
exhibited significant pain improvement and decreased plantar fascia thickness [60].

Pro-inflammatory Modalities

Extracorporeal shockwave therapy is used to cause extracellular responses that lead
to an inflammatory response, resulting in neovascularization and tissue regeneration
[61]. Multiple studies have shown that shockwave therapy is a safe therapy that can
be effective in treating plantar fasciitis [62—-64]. Gollwitzer et al. [63] performed a
prospective, multicenter, double-blind, randomized, placebo-controlled trial to
assess effectiveness of shockwave therapy in relieving chronic heel pain secondary
to plantar fasciitis. The treatment arm received focused extracorporeal shockwave
therapy (0.25 mJ/mm?) with 3 treatments of 2000 impulses in weekly intervals.
They found shockwave therapy to be superior to the placebo with treatment success
rates between 50% and 65% [63].

Platelet-Rich Plasma

Platelet-rich plasma is an autologous concentration of platelets suspended within
autologous plasma [65, 66]. Platelets release growth factors and cytokines respon-
sible for angiogenesis, collagen production, and fibroblast upregulation. PRP allows
for the delivery of large amounts of platelets and associated growth factors/cyto-
kines to the site of injury with the goal of inducing tissue repair. Multiple studies
have suggested that PRP is safe and can be effective in reducing pain and symptoms
of plantar fasciitis [67-71]. Monto [67] performed a level I prospective and random-
ized study comparing a single ultrasound-guided PRP injection to a 40 mg Depo-
Medrol corticosteroid injection. At 3 months, the corticosteroid group showed
improvement in AOFAS scores, but AOFAS scores declined from that point until the
final 24-month follow-up. He concluded that PRP was more effective than
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corticosteroid treatment in treatment of chronic plantar fasciitis [67]. Jain et al. [70]
performed a similar level II, prospective, randomized comparative study between
one group receiving a corticosteroid injection and a second group receiving
PRP. Both groups showed improvement, but at 6 months there was no significant
difference between the two groups [70].

Amniotic/Chorionic/Placental Membrane Injection

Micronized dehydrated human amniotic/chorionic membrane (mDHACM) is
hypothesized to deliver growth factors to facilitate regeneration of degenerative tis-
sue [72]. Zelen et al. [72] performed a level I, prospective, randomized study with
45 patients. Each arm received an injection of 2 cc 0.5% Marcaine plain. The con-
trol arm received a 1.25 cc saline injection, and the two treatment arms received
0.5 cc mDHACM or 1.25 cc mDHACM. They noted significant reduction in AOFAS
hindfoot scores at 1 week and 8 weeks in comparison to the control arm. There were
no significant outcome differences between the groups receiving 0.5 cc mnDHACM
and 1.25 cc mDHACM [72]. Cazzell et al. [73] performed a multicenter, prospec-
tive, single-blinded, randomized control trial of mDHACM in comparison to a
saline placebo in patients with plantar fasciitis. At 3 months postinjection, data
showed statistically significant reduction in pain and improvement in function for
the mDHACM treatment arm [73]. Hanselmann et al. [74] performed a randomized,
controlled, double-blinded trial comparing cryopreserved human amniotic mem-
brane (c-hAM) injection to corticosteroid injection for treatment of plantar fasciitis.
Fourteen patients received a corticosteroid injection and nine received c-hAM injec-
tion. In their study, c-HAM was found to be “safe and comparable” to corticosteroid
injection. These studies present preliminary data, with the longest duration of fol-
low-up being 3 months. Their results are therefore speculative, and further studies
are needed to access for long-term efficacy and safety [74].

Operative Management

Operative treatment is reserved for recalcitrant plantar fasciitis that fails to respond
to conservative treatment for at least 6 to 12 months. Successful outcomes of vari-
ous surgical treatments for plantar fasciitis range from 40th percentile to the 90th
percentile [75-82]. Due to the unpredictable nature of surgical treatment, nonopera-
tive treatment is favored. Even so, due to the high prevalence of plantar fasciitis,
most surgeons who treat plantar fasciitis will encounter patients who ultimately
require surgical management.

Open Plantar Fasciotomy

Open plantar fasciotomy is a commonly performed procedure for treatment of
recalcitrant plantar fasciitis. This procedure is often combined with heel spur resec-
tion, gastrocnemius recession, tarsal tunnel release, or external neurolysis of the
first branch of the lateral plantar nerve. Multiple studies have evaluated the biome-
chanical consequences of performing a plantar fasciotomy [83-88]. Associated
complications of plantar fasciotomy include lateral column overload, medial arch
fatigue, midfoot pain, and forefoot overload. The risks of these complications are
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Fig. 8.2 (a) Incisional approach for partial open plantar fasciotomy along the medial glabrous
skin junction with appropriate preoperative marking of the patient’s point of maximal tenderness
and distribution of the tibial nerve. (b) Cadaveric representation of dissection through the interval
of the abductor hallucis fascia and plantar fascia with insertion of a curved mayo scissor to dem-
onstrate a “pucker” correlating with the interval just below the plantar fascia in preparation for
partial open fasciotomy

greater if more than 50% of the fascia is released; therefore some authors recom-
mend release of no more than 1/3 of the fascia [83—-89]. A significant weakness of
performing an isolated plantar fascia release is failure to address the biomechanical
etiology of the symptoms (Fig. 8.2).

Endoscopic Plantar Fasciotomy (EPF)

Endoscopic plantar fasciotomy gained popularity with the use of smaller incisions
that will result in a more rapid recovery with less morbidity [80, 90]. In a cadaveric
study of 13 feet, Hofmeister et al. [91] found that the average amount of plantar
fascia released was 81% and the flexor digitorum brevis muscle was injured in 6 of
the 13 feet. In their study they reported the approach does not risk damage to under-
lying neurovascular structures [91]. Hawkins et al. [92] performed a cadaveric study
of 18 cadaver specimens. They attempted a 75% fascial release and found the aver-
age release was 82% of the width of the plantar fascia. Again they noted no injury
to the first branch of the lateral plantar nerve [77, 92]. Morton et al. [93] reported a
series of 105 patients undergoing an EPF utilizing a medial uniportal approach.
They reported complete pain relief in 80.9% of their patients and no significant
complications [93]. Chou et al. [94] compared a series of 28 open plantar fascioto-
mies to 14 endoscopic plantar fasciotomies. They found superior short-term out-
comes for the EPF group, reporting significantly greater AOFAS scores, SF-36
scores, and lower pain scores at 3 months [94]. Malahias et al. [95] performed a
systematic review of endoscopic plantar fasciotomy clinical outcomes. Fifteen stud-
ies met their criteria with a total of 576 feet in 535 patients. Their review showed
improvement in clinical and subjective outcomes with a postoperative complication
rate of 11%. They noted the overall quality of studies was low and concluded there
is weak evidence to support EPF as a safe and effective treatment for plantar fasci-
itis [95]. In a multi-center prospective study of 25 providers who had successfully
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completed a cadaveric training and certification, 652 cases were performed with
599 successful interventions without complication. The most common complica-
tions were reported in 25 cases as lateral column destabilization resulting in calca-
neal cuboid and midtarsal joint pain. Medical destabilization was found to result in
central arch pain and intrinsic myositis in 3 and 4 patients, respectively. With respect
to general outcomes 19 of 652 patients still had persistent heel pain [96].

Gastrocnemius Recession

Calf tightness is a common biomechanical etiology of plantar fasciitis [4, 11, 31—
39, 97-100]. Calf tightness results in altered foot mechanics, leading to increased
strain on the plantar fascia [11]. Calf muscle-tendon lengthening can be approached
at different levels (zones) of the triceps surae with different effects (Fig. 8.3) [99].
Zone 1 is from the femoral origin of the gastrocnemius muscle and extends to the
conclusion of medial gastrocnemius muscle belly. The Baumann and Strayer proce-
dures are performed within this zone, and they are considered to be the most
mechanically stable lengthening procedures. Zone 2 courses from the distal aspect
of the medial gastrocnemius muscle belly to the conclusion of the soleus muscle
belly. The Baker and Vulpius procedures are performed at this level. Zone 3 extends
from the conclusion of the soleus muscle to the insertion of the Achilles tendon on
the calcaneus. Appropriately performed lengthenings in zone 1 or 2 can allow for
protected weightbearing [99]. In patients with a positive Silfverskiold in the setting
of plantar fasciitis, posterior muscle group lengthening has been proposed as a treat-
ment option in patients recalcitrant to conservative management [31, 97-101].
Monteagudo et al. [101] compared gastrocnemius recession to plantar fascia release
in patients with chronic plantar fasciitis. Patients undergoing gastrocnemius release
showed 95% postoperative satisfaction in comparison to 60% satisfaction among
patients undergoing plantar fascia release. They concluded gastrocnemius recession
produced better results with less morbidity in comparison to open plantar fasciot-
omy [101]. Abbassian et al. [97] performed a proximal medial gastrocnemius reces-
sion on 21 feet of 17 patients. They reported complete pain relief in 17 of 21 (81%)

Fig. 8.3 Incisional
approach for Baumann
gastrocnemius recession
where this provides
visibility of both the
gastrocnemius fascia and
soleus fascia along the
medial mid-calf region
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of the procedures and reported no major complications. Mulhern et al. performed a
combination of an open gastrocnemius recession and endoscopic plantar fasciot-
omy for 25 consecutive patients who met their inclusion criteria. They reported
significant improvements in pain and ankle range of motion at 3.7-month follow-up
[97]. Molund et al. [98] evaluated postoperative outcomes of gastrocnemius reces-
sion in 73 patients with various lower extremity ailments, including plantar fasciitis.
They reported good or excellent results in 14 of 18 patients who underwent gastroc-
nemius recession for management of plantar fasciitis [98].

Bipolar Radiofrequency Microdebridement

Bipolar radiofrequency coblation microdebridement is affecting induction of
angiogenesis to the degenerative plantar fascia in the treatment of chronic plantar
fasciitis [101-108]. The proposed physiologic mechanism for this procedure has
been elucidated in several investigations. In a rabbit model, the technique has been
shown to increase angiogenesis, but showed no significant difference in healing of
degenerative Achilles tendon in comparison to a control group [105]. Weil et al.
[102] first published the use of the technique for management of plantar fasciosis.
They prospectively reviewed ten patients who underwent percutaneous microte-
notomy and found improved AOFAS scores, VAS scores, and patient satisfaction
scores at 6 months and 1 year. Sorensen et al. performed a similar case series of 21
patients, with 18 patients (86%) subjectively rating their outcome as excellent or
good [102]. Tay et al. [103] reported a prospective, nonrandomized trial comparing
open plantar fasciotomy to radiofrequency coblation. In their study of 48 patients
and 59 feet, they found improvement in both arms of their study, but more signifi-
cant improvement in patients undergoing the open procedure [103].

Botulinum Injection

Botulinum toxin A blocks the release of acetylcholine at the neuromuscular junc-
tion, resulting in skeletal muscle paralysis. It also may reduce inflammatory and
pain mediators and has been utilized successfully in the treatment of myofascial
pain [109-111]. Babcock et al. [109] performed a prospective, randomized, con-
trolled, double-blinded study accessing the use of botulinum toxin A in the treat-
ment of chronic plantar fasciitis. In their study both the most tender site of the
medial heel and the most tender site of the arch were injected. They reported statisti-
cally significant improvement for the treatment group in pain and foot function at 3
and 8 weeks [109]. A similar trial with 50 patients was performed by Ahmad [110].
They again showed significantly better improvement for the treatment group [110].
Abbassian et al. [112] performed a level I, prospective, randomized control trial
accessing the outcomes of ultrasound-guided medial gastrocnemius head injection
with botulinum toxin for treatment of chronic plantar fasciitis. They reported statis-
tically significant improvements in pain and foot function for the treatment group at
1 year [112]. Elizondo-Rodriguez et al. [111] performed a level I study comparing
gastrocnemius botulinum A injection to plantar heel corticosteroid injection in
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treatment of plantar fasciitis. In their study, the botulinum A injection group showed
faster and longer-lasting results in comparison to the corticosteroid injection
group [111].

Plantar Fascia Rupture

The vast majority of plantar fascia ruptures respond to conservative management.
Most studies recommend immobilization via a rigid-soled device, such as a CAM
walker. Length of immobilization varies, but is generally between 2 and 4 weeks.
Immobilization is usually discontinued once the patient is able to ambulate without
pain in normal shoes. Debus et al. [24] performed a systematic review of the stan-
dard of care for rupture of the plantar fascia. They reported poor quality of available
data [24]. To our knowledge there is only one reported case series of surgical repair
of acute plantar fascia rupture. Schaarup et al. [113] reported a case series of five
complete plantar fascia ruptures in athletes participating in high-demand, explosive
sports. Two athletes were treated surgically and three were treated nonoperatively.
They noted morphological differences between the operative and nonoperative
groups, assessed on ultrasound, the foot posture index, and measurement of foot
length. They also reported the operative group had no complaints according to the
Foot Function Index, whereas the nonoperative group had impairments in activities
of daily living. They concluded surgical repair of acute plantar fascia ruptures is
feasible in high-impact athletes [113].

Conclusion

The plantar fascia is a band of connective tissue that spans the plantar foot. The
central band is the most robust and is believed to be the most functionally and
clinically relevant portion. The plantar fascia functions to stabilize the medial
longitudinal arch and undergoes tensile stress during the stance phase of gait.
Plantar fascia injuries are common in many populations, but are especially preva-
lent in highly active individuals and high BMI individuals. Chronic plantar fasci-
itis is much more common than acute plantar fascia rupture and occurs secondary
to overuse and mechanical overload, resulting in partial tearing at the origin of the
plantar fascia. The inflammatory phase of plantar fasciitis represents the most
critical window of treatment, as successful treatment is much more difficult if the
disease progresses to the chronic stage. The chronic stage appears to represent
cycles of acute inflammation inciting progressive degeneration of the plantar fas-
cia. Despite the complexity of the disease process, for many the natural history is
self-limiting. Treatment for symptomatic patients should be tailored to match the
etiology, which is often multifactorial. Due to the difficulty in treating patients
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Fig. 8.4 Conservative treatment options for acute plantar fascia pain presented as an algorithmic
approach

who progress to chronic plantar fasciitis, there are many treatment modalities.
Unfortunately the evidence for most treatments is relatively poor. There are very
few level I studies with large patient populations. Even treatments that have been
shown to be successful, such as stretching exercises, are debated in terms of tech-
niques and practices. Surgical management is reserved for those who experience
symptoms recalcitrant to conservative methods. A treatment algorithm for acute
and chronic plantar fascia injury is represented below in keeping with the authors’
experience and is based on available evidence noted in the studies reported in this
chapter (Figs. 8.4 and 8.5).
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Fig. 8.5 Treatment algorithm is presented for the conservative and surgical management of
chronic plantar fascia injury

Final Treatment Algorithm
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Medial Deltoid Ligament Injuries

Nacime Salomao Barbachan Mansur, Elijah Auch,
Eli Lerner Schmidt, and Cesar de Cesar Netto

Introduction

Deltoid ligament repairs are usually performed for acute lesions of this complex,
whether there are additional lesions or not. Despite the lack of quality data in the
literature to support this approach, its indication is advocated in order to prevent
unfortunate outcomes such as ankle arthritis, medial ankle instability, and collaps-
ing foot deformity [1-3].

Ankle fractures are the most common scenario resulting in acute deltoid rup-
tures; however, they may also occur with syndesmosis injuries, with lateral ligament
lesions, or in isolation [4, 5]. Partial ruptures with no signs of instability or com-
bined conditions may first undergo nonsurgical treatment with an immobilization
and non-weight-bearing regimen [6]. Complete and conjoined ruptures can be
repaired by arthroscopic or open techniques [7, 8].

Two indications for deltoid reconstruction include failure in deltoid ligament
healing after ankle trauma leading to medial instability or deltoid ligament degen-
eration secondary to progressive collapsing foot deformity (PCFD) [1, 9]. These
conditions are usually demanding for the patient, causing gradual ankle incapacity

N. S. B. Mansur (b))
Department of Orthopaedic and Rehabilitation, Carver College of Medicine, University of
Iowa, Iowa City, IA, USA

Departamento de Ortopedia e Traumatologia, Escola Paulista de Medicina, Universidade
Federal de Sao Paulo, Sao Paulo, Brazil
e-mail: nacime @nacime.com.br

E. Auch - E. L. Schmidt - C. de Cesar Netto

Department of Orthopaedic and Rehabilitation, Carver College of Medicine, University of
Iowa, Iowa City, IA, USA

e-mail: elijah-auch@uiowa.edu; eli-schmidt@uiowa.edu; cesar-netto @uiowa.edu

© Springer Nature Switzerland AG 2022 195
J. D. Cain, M. V. Hogan (eds.), Tendon and Ligament Injuries of the Foot and Ankle,
https://doi.org/10.1007/978-3-031-10490-9_9

9


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-10490-9_9&domain=pdf
mailto:nacime@nacime.com.br
mailto:elijah-auch@uiowa.edu
mailto:eli-schmidt@uiowa.edu
mailto:cesar-netto@uiowa.edu
https://doi.org/10.1007/978-3-031-10490-9_9

196 N.S. B. Mansur et al.

and articular destruction [10]. Many techniques have been described for chronic
deltoid ruptures, but none of them have established a standard of care [11].
Reconstruction and/or reinforcement are the current first choices for this condition,
as repair alone has been shown to be associated with recurrence due the ligament
quality [12].

Anatomy

Recent studies picture the deltoid complex in two main portions: the superficial
layer and the deep layer. Four ligaments are described superficially: tibionavicular,
tibiospring, tibiocalcaneal, and tibiotalar. The strongest of the four is the tibiona-
vicular portion which is also the most important stabilizer with the ankle in external
rotation. The tibiocalcaneal ligament is responsible for abduction, and the tibio-
spring ligament reaches the plantar calcaneonavicular ligament, adding strength to
the medial arch (Fig. 9.1). All these structures emerge from the anterior colliculus
[13-16].

The deep deltoid layer has two distinct portions: anterior and posterior. Anterior
deep deltoid is the main medial talar restraint which prevents translation. The pos-
terior portion, even though smaller, was found to be more prevalent in the general
population according to recent publications. Proximal attachments of this layer are
located in the intercollicular groove (Fig. 9.2).

A literature review by Yammine et al. in 2017 explored the incidence and charac-
teristics of each deltoid portion, concluding that the deep posterior (100%), tibio-
spring (94%), tibionavicular (90%), tibiocalcaneal (85%), tibiotalar (80%), and
deep anterior (63%) had an overall high prevalence in the population as demon-
strated by the percentages for each. The tibionavicular ligament was found to be the
longest and thinnest component of the entire medial deltoid complex [17].

Fig. 9.1 Deltoid
superficial layer
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Fig.9.2 Deltoid deep
layer, visible after posterior
tibial tendon retraction

Clinical Evaluation
Acute

The majority of acute deltoid injuries occur in the ankle fracture scenario, usually in
conjunction with malleolar fractures and/or syndesmosis lesions [18, 19]. Rotational
traumas, combined with some degree of axial forces, cause an external spin and
eversion movement to the talus [20, 21]. Inversion forces have the potential to cause
a rupture to the deltoid as well. Ankle sprains, most often with eversion, may injure
the deltoid, but lateral sprains can as well, adding more structures that may be com-
bined to this particular situation [1, 22].

Clinical suspicion for deltoid injury increases when medial edema and ecchymo-
sis are present, though these signs have a low positive predictive value for this injury
[23]. Tenderness over the medial gutter and at the inframalleolar area are moderate
indicators of deltoid injury [24]. Three classical maneuvers are described for deltoid
ruptures and medial instability: valgus stress, anteromedial drawer, and Kleiger
tests (Figs. 9.3, 9.4, and 9.5).

Radiographic signs, unless demonstrating a complete tibiotalar displacement,
are not reliable for diagnostic confirmation [25, 26]. Medial clear space can change
in accordance with ankle position (talar dome anatomy), and, although helpful,
weight-bearing radiographs are not always possible to perform. Stress radiographs,
as described in the literature, are vastly variable as they depend on patient confor-
mity and perfect positioning [27, 28]. Ultrasound (US) is also a significant tool
when analyzing these patients as it permits movement to the joint and allows dyna-
mism to the assessment [23, 29].

When compared to syndesmosis or Lisfranc lesions, the dilemma among lesion
and instability is also present in acute deltoid injuries. This is one of the main rea-
sons magnetic resonance imaging (MRI) is not a definitive subsidiary exam when
dealing with this type of lesion [22, 25]. A complete tear of the deep and superficial
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Fig. 9.3 (a, b) Valgus stress test. Patient is placed seated on stretcher with the legs dangling and
the examiner sitting in front. With one hand, the leg is held at this distal and lateral region as the
other hand embraces the calcaneus from its plantar aspect. The hindfoot is everted and compared
to the contralateral side. Increase in valgus movement or pain at the deltoid area is considered
positive

Fig. 9.4 (a, b) Anteromedial drawer test. Patient is placed seated on stretcher with the legs dan-
gling and the examiner sitting in front. With one hand, the leg is held at this distal and lateral region
as the other hand embraces the calcaneus from its posterior to anterior aspect, from its medial side,
placing the index and middle fingers at the heel and the thumb at the talar neck region. Anterior
translation of the hindfoot combined with external rotation is applied and compared with the con-
tralateral side. Increase in translation or rotation is considered positive
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Fig. 9.5 (a, b) Kleiger test. Patient is placed seated on stretcher with the legs dangling and the
examiner sitting in front. With one hand, the leg is held at this distal and lateral region as the other
hand embraces the midfoot and forefoot from its medial side. With the ankle in plantarflexion, the
foot is externally rotated. Pain at the deltoid topography is considered positive

layers is a strong indicator of acute medial instability. High-degree lesions should
be evaluated under the unstable perspective, especially if associated lesions are
present [30]. Partial ruptures have a trend for stability, although this is not a cer-
tainty [31]. Weight-bearing computed tomography (WBCT) and nano scope are
new diagnostic options in determining medial instability outside the surgical ambi-
ent [32, 33].

The final diagnosis of a deltoid tear and for acute medial ankle instability still
relies on the combination of clinical findings and imaging since no gold-standard
and conclusive diagnostic method is established [23]. Nortunen et al. in 2014 were
able to demonstrate that the MRI was not suitable for clinical decision-making
regarding lesion and acute instability of this area. Correlation between medial clear
space and rupture identification was reasonable. Ultrasound was found to have a
high specificity and sensitivity although the tests were performed in sedated patients
[34]. Arthroscopy, an invasive diagnostic method, still remains the standard for del-
toid rupture confirmation [35].

Chronic

Complete and unstable deltoid injuries have unpredictable healing, especially if not
properly treated [1, 12]. Poor deltoid ligament repair may lead to chronic pain and
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late-onset medial ankle instability [36]. Patients generally remember a previous
acute ankle trauma and complain about achiness at the medial joint aspect [3, 9].
Instability or sensation of losing medial restraint could be evident, in addition to
changes in footstep pattern [11].

Fig.9.6 Right talar tilt in
a weight-bearing
radiograph of a patient
with chronic medial ankle
instability

Fig.9.7 Deltoid
heterogenicity in a T2
coronal MR image




9 Medial Deltoid Ligament Injuries 201

Physical inspection may reveal an asymmetric collapsed foot deformity (flatfoot)
that can be corrected with posterior tibial tendon (PTT) activation [9, 37]. Pain
when palpating the medial ankle gutter is a common and relevant finding in this
condition. PTT may have signs of overuse, as well as other medial structures. The
same maneuvers for the acute setting may be performed here, and if an established
deformity is observed, flexibility evaluation should be performed.

Standing bilateral radiographs might demonstrate signs of previous deltoid inju-
ries in the form of calcifications around ligament topography [38]. Valgus talar tilt-
ing (Fig. 9.6), even subtle, should be considered a primary indication of joint
instability [9]. US might portrait the erratic ligament healing, structures in overload,
and abnormal movement at the ankle.

MRI, as for the acute cases, is not able to diagnose instability but has a high
capacity in showing signs of previous deltoid injuries such as areas of ligament
disinsertion, tissue heterogenicity (Fig. 9.7), and calcification [1, 9, 39]. WBCT has
the capability of confirming medial instability directly by displaying a valgus orien-
tation of the talus as well as other common associated instabilities, such as syndes-
mosis and midtarsal instability. Baropodometry or gait analysis might suggest an
asymmetric sagging and/or medial overload (Fig. 9.8).

Fig. 9.8 Baropodometry
picturing the modification Left Mean Pressure Right Mean Pressure
of the foot strike pattern

2
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Fig. 9.9 Medial joint
opening and deltoid
degeneration visible during
ankle arthroscopy

Differential diagnoses for medial ankle instability include primary progressive
collapsing foot deformity (previously adult acquired flatfoot deformity), osteochon-
dral talar lesions, PTT tendinopathy, isolated tibiospring injuries, and medial mal-
leolus stress fractures [9, 40]. Arthroscopic assessment remains the standard in
confirming chronic medial instability [11]. The ability of inserting a 5 mm probe
into the medial gutter (or medial clear space) and the observation of indirect signs
of poor deltoid healing support the diagnoses (Fig. 9.9).

Treatment
Acute

Management of an acute deltoid lesion is still based on poor evidence. No high-
quality data that could guide clinicians on the decision regarding the necessity of
repairing a deltoid lesion in an ankle fracture scenario was produced since the trial
by Stromsoe et al. in 1995 [41]. This study supported many surgeons in defending a
non-approach to this injury despite its methodological problems. Moderate com-
parative articles have shown conflicting results regarding functional and radio-
graphic outcomes [42, 43]. Lack of long-term clinical data to back the non-approach
and concerns regarding the late effects of poor deltoid healing are the main reasons
for surgical attempts to repair the ligaments [36, 43].

This controversy could be extended to deltoid lesions that are isolated or
associated with other ankle ligament injuries with literature that is even more
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scarce [22]. Choosing how to repair the medial complex is also debatable, with
direct stump sutures, superficial reinsertion with an anchor, superficial and deep
reinsertions with anchors, and arthroscopic techniques having been described
over the last several years [8, 22]. No superiority of any method has been
established.

Postoperative care of acute lesions usually requires a non-weight-bearing regi-
men (4 to 6 weeks) in order to unload the healing deltoid. Range of motion is started
at 2 to 3 weeks, but eversion and external rotation are not allowed until the sixth
week. Loading is initiated and progressively increased in a boot (2 weeks) and in an
ankle brace thereafter (4 weeks).

Fig.9.10 Example of a
calcaneal osteotomy, a
procedure often necessary
in chronic cases
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Chronic

Different from the acute state, chronic medial ankle instabilities commonly receive
surgical treatment due to its intrinsic deleterious feature [1, 10, 44]. Nonoperative
approach is reserved only for extremely morbid patients. Tissue viability for reten-
sioning or ligamentoplasty has been put into question over the last several years and
has led authors to invest in reconstruction using grafts or synthetic materials [45].
When PCFD is evident, bone alignment procedures should be performed to prop-
erly treat the condition and protect the ligaments [46, 47].

Reconstruction techniques usually utilize allografts and autografts, although
some authors still rely on the plication of the native ligament with the use of anchors.
For reconstruction, one tunnel is performed at the tibia, another at the medial talar
body, and the last at the calcaneus. Several implants might be used for fixation, and
the tibiospring ligament may also be included in the reconstruction when necessary
[48-51]. Osteotomies for ankle or foot realignment should always be considered in
chronic patients (Fig. 9.10). Malleolar fracture sequelae must be assessed in con-
junction with proper fibula and tibia correction. PCFD guidelines for the use of
medializing calcaneus osteotomies (MCO), Evans, Cotton, Lapidus, Spring, and
tendon transfer procedures need to be respected when this intra-articular deformity
is present [52].

Evidence-Based/Critical Appraisal of the Literature

A comprehensive literature search was performed, with no time limit to maximize
the pool of work available, conforming to the PRISMA statement. The databases
used were PubMed, CINAHL, and EMBASE. The article abstracts were reviewed,
and those that were not involving humans, the management of deltoid ligament
injuries, nor had English translation if original articles were not in English were
excluded. The search found a literature review of deltoid ligament injuries, which
provided further articles that were available for analysis.

No systematic reviews (SR) of randomized controlled trials (RCTs) regarding
acute and chronic deltoid injury were published in the indexed database. Dabash
et al. conducted a SR for deltoid ligament repair in ankle fractures but was only able
to include one RCT [41] and four retrospective cohorts [41, 53]. Although likely
due to the quality of data analyzed, the study concluded there was an absence of a
clear indication for reparation, even though some biomechanical advantages
could occur.

A meta-analysis of comparative studies for deltoid repair was performed in the
same year by Salameh et al. and found superior radiological reduction results for
patients having the ligament sutured [54]. No functional differences were observed
among the two groups.

Another SR about the subject was published in 2009 by van de Bekerom et al.
that evaluated diagnostic methods for deltoid lesions [23]. The author found nine
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studies that concluded that Lauge-Hansen classification, radiographs, and clinical
findings (swelling, ecchymoses, medial pain) were poor predictors of lesions and/or
instability. External rotation stress radiographs showing more than 5 mm of medial
space widening were noticed to be a reliable method to suspect the injury, although
the review claimed that no definitive conclusion could be reached by using only one
finding in clinical decision [55].

The presence of RCTs is also very scarce for both themes. Only Stromsoe et al.
in 1995 tried to compare deltoid suture with a non-approach in ankle fracture
patients ultimately finding no clinical difference among groups. Although it carries
a myriad of methodological problems, it is still the only level one study published
on acute deltoid treatment to this day [41].

Chronic deltoid injuries and medial ankle instabilities (MAI) have few strong
supporting publications in the literature for diagnosis, decision-making, and treat-
ment, likely due to its epidemiology. Most of the clinical judgment is based on case
series and expert opinions [1, 10]. In the clinical setting, medial gutter pain and
asymmetric valgus seem to be valuable findings during investigation. Subsidiary
exams, with indirect discoveries, sustain the diagnosis, but, once again, are merely
descriptions in articles regarding authors’ experiences. The available procedures to
address medial ankle instability are generally technical descriptions with some
small case series.

Final Treatment Algorithm
Acute

Author’s preference based on the literature for acute cases (regarding the deltoid
approach) begins with the clinical decision constructed on a combination of physi-
cal exam (medial tenderness and deltoid provocative maneuvers) and subsidiary
findings (valgus tilt, widening, ligament heterogenicity and detachment). The diag-
nosis threshold for active and young patients should be low in order to prevent
mistreatment of an important lesion. Partial lesions with no signs of acute instability
should be treated nonoperatively with a 2-3-week non-weight-bearing regimen fol-
lowed by a brace for 3—4 weeks.

Complete ruptures and acute medial instabilities must receive surgical care. A
medial longitudinal approach from the medial malleolus toward the navicular is
pursued and the posterior tibial tendon sheet opened to allow access to the deltoid
deep portion. An anchor is inserted at the medial talus body and sutures are passed
through the deep deltoid. Another anchor is placed in the anterior colliculus of the
medial malleolus, and sutures are passed through the tibionavicular and the tibio-
spring components of the superficial layer (Fig. 9.11). The constructed is then
tightened with the ankle in mild inversion. Arthroscopic reinsertion is a less inva-
sive possibility for select cases and is performed with anchor insertion at the
quadrant described by Vega and arthroscopic sutures at the deltoid topography
(Fig. 9.12) [8, 56].



206

N.S. B. Mansur et al.

Fig.9.11 Medial approach to an acute deltoid repair. Visualization of the superficial rupture at the
medial malleolus and the deep rupture at the talus (a). After anchor insertion in these sites, sutures
are passed through the ligaments. Tightening is completed (b) subsequently to finalization of other

possible procedures (lateral ligaments, syndesmosis, malleolar fractures, etc.)
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Fig. 9.13 Chronic medial instability reconstruction using a free graft. The malleolar tunnel is
performed, and the folded semitendinosus graft passed and secured with a tibial button (a). After
talus and calcaneus tunnels are completed, graft parts are inserted and stabilized with interference
screws. If needed, the remaining graft may be used to reconstruct the spring ligament complex (b)
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Fig.9.14 Author’s flowchart for deltoid chronic lesions based on the strongest available evidence
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Chronic

Clinical findings for chronic deltoid lesions and medial ankle instabilities may be
more challenging compared to acute injuries. The diagnosis in some cases may be
obscure, but patients typically present with medial gutter pain and a mild change in
walking stride. History of trauma should be considered, and indirect radiographic
findings such as talar tilting, flattening, deltoid calcification, and ligament degenera-
tion should support the investigation.

Only patients with nonsurgical conditions and extremely low demand should
proceed with nonoperative treatment. Operative planning must consider the neces-
sity for malleolar reconstructions and PCFD procedures [1]. Author’s preferred
technique for the deltoid uses a semitendinosus graft folded in two and then inserted
in a medial malleolus tunnel and finally fixed with a button [48]. One bundle is
inserted through a tunnel in the medial talar body and the other (after passing under-
neath the PTT), via another tunnel, below the medial calcaneal facet (Fig. 9.13).
After positioning the ankle and foot in mild varus, the graft is secured with interfer-
ence screws. Deltoid imbrication using anchors and augmented with synthetic tapes
(using similar reconstruction tunnels) is a technical option (Fig. 9.14) [39, 45].
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Introduction

Ankle sprains are among the most prevalent injuries of the musculoskeletal system
both in sports and in daily activities [1]. It has been calculated that approximately
one ankle sprain occurs per 10,000 people every day worldwide. Most of these
occur during athletic activity with some sports such as basketball, volleyball or soc-
cer being more frequently associated with ankle sprains [1].

The vast majority of the ankle sprains occur following an inversion injury involv-
ing the lateral collateral ligaments (LCL).

Ankle sprains are usually treated conservatively according to the PRICE
(Protection, Rest, Ice, Compression, Elevation) protocol. However, residual symp-
toms after ankle sprains are reported in 30-40% of cases [1], with patients com-
plaining of chronic pain and subjective instability.

This chapter provides an overview of the most important aspects on the diagnosis
and treatment of ankle lateral ligament injuries.

Ankle Lateral Ligaments Anatomy

A thorough knowledge of anatomy is paramount for the diagnosis and adequate
management of ankle injuries. The ankle is a highly congruent synovial, hinge-type
joint, in which the talus fits perfectly into the mortise formed by the tibial plateau,
and the tibial and fibular malleoli. This allows movement across the bimalleolar
axis, through which dorsiflexion and plantarflexion movements are produced. The
congruency of the ankle mortise is stabilized by three main ligament complexes that
can be identified based on their anatomical location, respectively: the lateral col-
lateral ligament (LCL), the medial collateral ligament (MCL) and the distal tibio-
fibular ligaments.

The lateral collateral ligament (LCL) is the most commonly injured ligamentous
structure of the lower limb, due to the highest frequency in inversion sprains [2].
The LCL has been classically described with three components, the anterior talo-
fibular ligament (ATFL), the calcaneofibular ligament (CFL), and the posterior talo-
fibular ligament (PTFL). Modern literature has shown that these ligaments are not
completely independent, since some fibers and connections between the ATFL and
the CFL or the PTFL are constantly present [3, 4]. As a result, the LCL’s current
description features three different components, the anterior talofibular ligament’s
superior fascicle (ATFLsf), the lateral fibulotalocalcaneal ligament complex
(LFTCLC), and the posterior talofibular ligament (PTFL). This new description is
based on the anatomical and functional relationship between these components
which is described below.
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Anterior Talofibular Ligament’s Superior Fascicle (ATFLsf)

The anterior talofibular ligament’s superior fascicle (ATFLsf) is the anterior compo-
nent of the lateral collateral ligament. It originates in one single footprint just distal
to the fibular attachment of the anterior tibiofibular ligament distal fascicle and runs
toward the neck of the talus [5, 6]. The function of the ATFLsf is mainly to control
talar internal rotation [5-7]. Tension of the ATFLsf occurs when the ankle is in
plantarflexion while it is relaxed in ankle dorsiflexion (Fig. 10.1). It is the first liga-
ment to be injured during an ankle sprain, thus being the most frequently injured
ankle ligament of all [8§-10]. The ATFLsf has been described as an intra-articular
but extrasynovial structure [5, 11]. This fact could explain why chronic pain

Fig. 10.1 Comparison of the morphology of the lateral ankle ligaments in plantarflexion (a) and
dorsal flexion (b). Note how the structures forming the LFTCL complex maintain tension through-
out the range of motion, while the ATFL superior fascicle does not. /a. Taut ATFL superior fasci-
cle. 1b. Lax ATFL superior fascicle. 2. ATFL inferior fascicle. 3. Arciform fibers of the LFTCL
complex. 4. CFL. Figure reproduced with permission from Vega J, Malagelada F, Manzanares
Céspedes MC, Dalmau-Pastor M. The lateral fibulotalocalcaneal ligament complex: an ankle sta-
bilizing isometric structure. Knee Surg Sports Traumatol Arthrosc. 2020;28(1):8-17
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following an ankle sprain is still common after conservative treatment: the ATFLsf
is unlikely to heal after tearing due to its intra-articular nature. Equally, its isolated
injury can be difficult to detect with standard diagnostic tests or imaging.

Between the ATFLsf and the ATFL inferior fascicle (part of the lateral fibulota-
localcaneal ligament complex), some branches pierce through from the perforating
peroneal artery and its anastomosis with the lateral malleolar artery [12]. This
explains the presence of the localized swelling, ecchymosis and hematoma that
appear after an ankle sprain.

Lateral FibuloTaloCalcaneal Ligament Complex (LFTCLC)

The Lateral FibuloTaloCacaneal Ligament Complex, LFTCLC, is formed by the
Anterior talofibular ligament’s inferior fascicle, the calcaneofibular ligament and
the connecting arc-shaped fibers between them (Fig. 10.2).

Originating from a common fibular attachment near the tip of the lateral malleo-
lus (Fig. 10.3), the ATFL fascicle of the LFTCLC (ATFL’s inferior fascicle) runs
from the talar neck and inserts plantar to the ATFL superior fascicle, while the CFL
inserts at the lateral side of the calcaneus and slightly posterior from its origin at the
lateral malleolus [6]. In addition to the talocrural joint, the CFL component also
crosses the subtalar joint, thereby stabilizing both joints.

Fig. 10.2 Schematic
drawing of the LFTCL
complex. /. Anterior
tibiofibular ligament. 2.
Distal fascicle of the
anterior tibiofibular
ligament. 3. ATFL superior |
fascicle. 4. ATFL inferior :
fascicle. 5. Arciform fibers
of the LFTCL complex. 6.
CFL. 7. Note the different S .
talar insertion points of S

ATFL fascicles
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Fig. 10.3 Schematic view of the LFTCL complex with the lateral malleolus disarticulated from
the ankle. (a) View with the lateral ankle ligaments highlighted: ATFL superior fascicle (blue
lines), LFTCL complex (black lines), and area showing the common origin of the LFTCL complex
(red area). (b) Classic view of the LFTCL complex. /. ATFL superior fascicle. 2. LFTCL complex.
3. Anterior tibiofibular ligament and distal fascicle. Figure reproduced with permission from Vega
J, Malagelada F, Manzanares Céspedes MC, Dalmau-Pastor M. The lateral fibulotalocalcaneal
ligament complex: an ankle stabilizing isometric structure. Knee Surg Sports Traumatol Arthrosc.
2020;28(1):8-17

The LFTCLC is an isometric structure that remains taut throughout the entire
ankle arc of motion (Fig. 10.1) (neutral position, dorsiflexion and plantarflexion),
possibly due to the presence of the connecting arc-shaped fibres. This ligamentous
complex is injured in approximately 20% of all ankle sprains [9]. As an extra-
articular structure, once torn it is likely to heal with adequate treatment.

Posterior Talofibular Ligament (PTFL)
The posterior talofibular ligament, PTFL, originates from the malleolar fossa in the

medial posterior surface of the lateral malleolus and follows a horizontal course to
insert along the lateral posterior surface of the talus [6]. It has a triangular shape
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with fibers inserting also into the talar posterolateral tubercle or os trigonum, when
present. More recently, intra-articular connections to the rest of the lateral ankle
ligaments have been described [4]. Tension of the PTFL occurs mainly when the
ankle is in dorsiflexion. The PTFL is less frequently involved in ankle sprains and
damage of the PTFL usually occurs in combination with other ligamentous ankle
injuries.

Mechanism of Trauma

The most common mechanism of injury to the LCL is under inversion via a combi-
nation of supination and adduction of the plantarflexed foot. An inversion ankle
sprain is observed in 75-90% of all ankle sprains [13—15], resulting in an injury to
the ATFL superior fascicle in all cases [9, 16]. This is due to the fact that the ATFL’s
superior fascicle is the first ligament to be tensioned during inversion of the ankle,
and that it appears to be the weakest component of the LCL complex [3, 6].

With the occurrence of higher inversion forces, the injury continues to propagate
tearing the Lateral FibuloTaloCacaneal Ligament Complex [9, 17]. The PTFL is
usually not injured, unless a lateral dislocation of the ankle joint occurs [18, 19]. An
inversion mechanism can also damage posteromedial structures due to the kickback
injury that affects the deep tibiotalar component of the medial collateral ligament,
between the medial malleolus and the talus [20].

Ligamentous injuries of the medial collateral ligament (MCL) complex and the
syndesmosis are much less common and are most likely associated with collision
sports such as soccer, American football, or skiing. The trauma mechanism associ-
ated with ligamentous injuries of the MCL complex is excessive pronation and
abduction (eversion), while the mechanism associated with syndesmotic injuries is
forced dorsiflexion and external rotation. Both MCL and syndesmotic injuries rarely
occur alone and are more often associated with other ligamentous injuries or
fractures.

Diagnosis

Accurate diagnosis after ankle trauma is important in order to assess the severity of
the injury and to exclude potential fractures or associated lesions. Ottawa ankle
rules can be used to decide in which cases radiographs are recommended to exclude
fractures [21]. When a fracture is excluded, the ankle should be examined further to
rule out ligamentous damage. Because of pain, routine physical examination to
assess ligament involvement is difficult and a full clinical exam should be delayed
5-7 days from the acute phase [22]. Hematoma, swelling, pain on palpation of the
LCL and stress tests for ligament stability are all important aspects of physical
examination following an ankle sprain.

Pain on palpation of the ATFL is one of the most common signs and suggests
rupture of this ligament [23]. Pain is usually localized over the anterior border of the
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fibular malleolus as the ATFL usually tears at the fibular attachment. Two main
clinical tests are performed to assess lateral ankle ligament injuries: the anterior
drawer test and the inversion talar tilt test. The anterior drawer test is meant to assess
the integrity of the ATFL, with a sensitivity of 73% and a specificity of 97% for
rupture of the ATFL; and an increased sensitivity of 96% and a specificity of 84%
when in combination with hematoma and pain on palpation of the ligaments [23].

Classically, the severity of the LCL injury after an acute ankle sprain was graded
from I to III, based on increasing levels of ligamentous damage [24]. In this classi-
fication, grade I indicated mild stretching of the ATFL with some ligament fibers
torn (the ankle might be stable or mildly unstable on physical examination); grade
II indicated moderate injury with a complete tear of the ATFL and possibly a partial
tear of the CFL (unstable ankle on physical examination with a positive anterior
drawer and negative inversion tilt test); grade III indicated complete disruption of
both the ATFL and CFL (severely unstable ankle on physical examination with pos-
itive anterior drawer and positive inversion talar tilt test). With the irruption of the
recently described anatomical concepts, a new classification should be considered,
with grade I indicating ATFL’s superior fascicle injury, resulting in ankle microin-
stability; grade II indicating a complete tear of the ATFL’s superior fascicle and
partial injury of the LFTCLC; and grade III indicating a complete tear of ATFL’s
superior fascicle and LFTCLC.

Additional imaging studies such as ultrasound (US) and magnetic resonance
imaging (MRI) are commonly used to diagnose associated injuries, while their use
to evaluate ligament injuries is dependent on the radiologist or clinician interpreting
the results, ideally in conjunction with proper physical examination. For this reason,
imaging during the acute phase can be useful to rule out associated injuries or in
case of severely unstable ankles or persistent symptoms [25]. Using these imaging
tests to diagnose ATFLsf and ATFL inferior fascicle separately is probably the next
step in order to improve ankle sprain diagnostics.

In cases of chronic ankle ligament injury, patients describe a subjective feeling
of ankle instability, recurrent ankle sprains, chronic anterolateral pain, or a combi-
nation of them. The physical examination of chronic ankle instability (CAI) should
include comparative assessment of both ankles including the anterior drawer test,
the talar tilt test and ankle range of motion. An evaluation of generalized joint laxity
should also be performed. The anterior drawer test compared to the contralateral
side is the most specific test for CAI, while the talar tilt test is frequently difficult to
assess and less reliable [23].

Imaging studies should include standard weight-bearing radiographs and MRI or
US. Plain radiographs allow for the assessment of hindfoot alignment and may
identify osteophytes and loose bodies. However, only 40% of the tibial and 32% of
the talar osteophytes are detected by the standard lateral radiographs [26]. For this
reason, in those cases with a suspect of anteromedial impingement an oblique
anteromedial impingement view is suggested [26]. This view has shown a specific-
ity of 93% and sensitivity of 67% for detecting anteromedial osteophytes. Other
modalities like weight-bearing CT have shown more accurate measurement of
deformities associated with lateral ankle injuries along with the ability to detect
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osteophytes or loose bodies [27]. Stress radiographs are not useful in the diagnosis
of CAI and are no longer recommended because of the high percentage of false
positive [25].

Ankle MRI is the most useful imaging study when investigating chronic ankle
instability, especially to detect concomitant osteochondral lesions, tendon tears or
other intra-articular pathologies in addition to LCL injury [28].

Treatment

When fracture is not present, acute ankle injuries are usually treated nonoperatively
using a functional treatment with the goal of providing optimal healing capabilities
by decreasing pain, swelling and hematoma and to prevent further damage. During
the first few days, the RICE protocol is based on rest, ice, compression and eleva-
tion. Early weight-bearing and active range of motion exercises are encouraged as
soon as tolerated. Once the acute phase treatment is implemented and function is
restored, therapy will aim at improving ankle stability with neuromuscular coordi-
nation training and strengthening exercises on muscles and tendons [25, 29, 30].
Conservative treatments are successful in most patients; however, 30-40% of
patients will have residual symptoms after an ankle sprain including chronic pain,
recurrent giving way or instability [1]. In these patients for whom the conservative
treatment failed, and depending on their activity level or sports involvement, surgi-
cal intervention is indicated to treat the ligament injury.

Several operative procedures have been described for the treatment of LCL inju-
ries. They have been broadly divided into anatomic repair, nonanatomic reconstruc-
tion and anatomic reconstruction. The anatomic repair technique provides a
reattachment of the native remnant restoring ankle stability and preserving physio-
logical function. For this reason, it is preferred over the reconstruction procedures,
representing the gold standard technique for CAIL Up to 93% of unstable ankles
undergoing surgery present concomitant intra-articular pathologies such as soft-
tissue or bony impingement, osteochondral defects, loose bodies or deltoid ligament
injuries [31, 32]. For this reason, and although the recommended anatomical repair
can be performed by an open or arthroscopic procedure, arthroscopic techniques are
gaining popularity becoming probably the next gold standard procedure treating
CAI [33, 34].

Arthroscopy allows concomitant treatment of the LCL injury and any intra-
articular pathologies, through the same arthroscopic approach, providing the bene-
fits of minimally invasive surgery and a faster recovery including return to sports
activities.

From all ankle arthroscopic stabilizing techniques, the authors’ preferred tech-
nique is the all-inside ligament repair. The all-inside arthroscopic repair, originally
described by Vega et al. in 2013, is a fully arthroscopic technique that provides an
anatomic repair of the LCL with a knotless suture anchor [35-38]. Supporting this
technique, reports of excellent clinical results with a low complication rate are pub-
lished in the literature [39, 40]. Compared to other arthroscopic techniques, such as
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Fig. 10.4 Anatomical perspective of the ankle. Arthroscopic views of lateral and medial gutters
showed to depict normal appearance (a, lateral gutter, and ¢, medial gutter) and pathological
appearance with a ligament rupture (b, ATFL detachment, and d, deltoid ligament “open book™
injury). (/) ATFL. (2) Fibular footprint of the ATFL (highlighted with black dotted line). (3)
Anterior area of the deltoid ligament. (4) Deltoid ligament “open book” detachment. Figure repro-
duced with permission from Vega J, Allmendinger J, Malagelada F, Guelfi M, Dalmau-Pastor
M. Combined arthroscopic all-inside repair of lateral and medial ankle ligaments is an effective
treatment for rotational ankle instability. Knee Surg Sports Traumatol Arthrosc. 2020;28(1):132—40

the arthroscopic Brostrom, the all-inside provides better functional results with a
lower complication rate [40]. The fact that both the medial and lateral ankle liga-
ments have an intra-articular portion [11] allows for its arthroscopic treatment,
either isolated or in combination (Fig. 10.4) [35].

Literature Review

To date, a few systematic reviews are available in literature comparing open and
arthroscopic ligament repair [41, 42]. The first systematic review by Guelfi et al.
included 19 studies, 13 on open procedures [43-55] and 6 on arthroscopic proce-
dures [35, 56-60]. Subjects of the selected studies were all patients with chronic
ankle instability secondary to lateral ankle injuries that underwent an open or
arthroscopic repair of the lateral ankle ligaments [41]. The meta-analysis of the
AOQOFAS scores in patients treated with open procedures, performed in the 11 avail-
able studies, showed an overall score of 90.34 (95% CI [88.10; 92.58]), while a
surgery-related complication occurred in 40 (7.92%) out of 505 treated ankles.
Regarding the arthroscopic procedures, the meta-analysis of the AOFAS scores
showed an overall score of 92.50 (95% CI [89.57; 95.43]), while a surgery-related
complication was observed in 33/216 arthroscopically treated ankles (15.27%). The
higher rate of complications was explained by the technique performed in five of the
six arthroscopic studies included in the review, which was not an all-inside repair
but an arthroscopically assisted repair with a percutaneous passage of the suture,
which increases the risk for neurological complications.
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The second systematic review performed by Brown et al. includes four compara-
tive studies of arthroscopic and open techniques for lateral ankle ligament repair
[42, 61-64]. In this review, including a total of 207 ankle ligament repair, there was
a statistically significant difference in AOFAS score in favor of the arthroscopic
repair (MD; 1.41, 95% CI 0.29-2.52, 12 = 0%, p < 0.05), and a not statistically sig-
nificant difference in Karlsson score (MD; 0.00, 95% CI — 3.51 to 3.51, 12 = 0%,
n.s.) [42]. In addition, a no statistically significant difference in total complications
(nerve, or wound) was observed [42].

In conclusion the present literature provides consistent advantages, excellent
results, and low rate of complication for the arthroscopic treatment of ankle instabil-
ity. Although more studies with a high level of evidence and longer follow-up are
required, the arthroscopic ligament repair is close to replace open surgery as the
gold standard for CAI [34].

Treatment Algorithm

Chronic Ankle Instablity
secondary to Lateral Ankle
Injuries

Grade 3-Complete tear of
ATFL's superior fascicle and
LFTCLC

SURGICAL INTERVENTION-
OPEN OR ARTHROSCOPIC
ANATOMICAL REPAIR

Grade 2-Complete tear of ATFL
superior fascicle; possible
partial tear of LFTCLC

Grade 1-Mild injury to ATFL's
superior fascicle

IMMOBILIZATION +

FUCIE < FRVEICAL TR RICE + PHYSICAL THERAPY

CONTINUED INSTABILITY:
SURGICAL INTERVENTION -
OPEN OR ARTHROSCOPIC
ANATOMICAL REPAIR




10 Lateral Ankle Ligament Injuries 223

Postoperative Protocol

Postoperatively, immobilization with a removable walking boot is maintained for
the first 3—4 weeks attempting weight bearing as tolerated with the aid of crutches.
Once the walking boot is discontinued, physical therapy is initiated with range-of-
motion exercises and gait training. Two weeks later, strengthening and balance exer-
cises are initiated. Noncontact sports (swimming or bicycling) are allowed 2 months
postoperatively, and sporting activities, including contact sports, can be expected at
3—6 months depending on muscle conditioning.
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Introduction

The distal tibiotalar syndesmosis has been a long-standing clinical challenge and
scientific puzzle for foot and ankle surgeons and researchers. Its complex ligamen-
tous anatomy is a strong contributor to this matter of fact, and conversely, its rela-
tively simple bony shape (two close-to-flat articular surfaces facing each other) has
made it very difficult to evaluate using conventional imaging solutions such as two-
dimensional radiography. Furthermore, obvious acute injuries associated with ankle
fractures are rather rare. The most frequent situations are subtle injuries either asso-
ciated with an ankle fracture, an ankle sprain, or misdiagnosed as such. This leads
to delayed management, rendering diagnosis and treatment even more challenging.
In this small and constrained joint, with small range of motion, and little or no reli-
able surface landmarks, clinical examination remains very subjective and poorly
reproducible. The same is true of the reproducibility and reliability of conventional,
two-dimensional radiography. However, recent advances in imaging technics are
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shedding a new light on syndesmotic lesions. In this chapter, we will focus on
dynamic ultrasound scanning which could be the next step in early diagnosis and
cone beam weight-bearing CT, which has the potential to immediately and at a later
stage provide precise three-dimensional evaluation of this challenging joint. The
consequences in terms of health improvement could be very significant because of
the potential adverse effects of a misdiagnosed syndesmotic lesion. While classi-
cally described as a rare injury, more modern research based on arthroscopic find-
ings during sprain and fracture treatment has shown that up to 15% of syndesmotic
lesions could be associated with ankle sprains [1] and 90% in ankle fractures [2],
while going underseen in a majority of cases. In those cases, chronic syndesmotic
lesions lead to longer healing time and secondary ankle arthritis [3]. While new
opportunities are arising in terms of diagnosis, new treatment algorithms are also
being investigated, taking advantage in particular of the recent advances in
arthroscopic ligament repairs in the foot and ankle, which allow for excellent intra-
articular visualization of the anterior distal syndesmosis, as well as new opportuni-
ties for intraoperative clinical testing.

In this chapter, we will investigate the following points and report on the latest
advances based on an up-to-date review of the literature.

Anatomy

The distal tibiofibular syndesmosis is a small, constrained, fibrous joint [4]. Its
role is to ensure stability for the talo-tibiofibular mortise especially with regard
to the valgus constraints which are physiologically applied during gait. Its shape
is triangular, with an apex situated 6-8 cm above the level of the tibiotalar joint
[5]. The tibial side is concave (fibular incisura) and the fibular side is convex. The
anterior and posterior borders are defined by the anterior tubercule (Chaput’s
tubercule) and the posterior tubercule which is the pivot point for external rota-
tion of the fibula during ankle dorsiflexion. The base of the triangle is situated
just above the cartilage of the fibular facet of the talofibular joint. This corre-
sponds to a tibiofibular contact area which is very small and inconsistently pres-
ent [5]. The literature usually describes four main strong ligaments which ensure
the stability of the joint: the anterior inferior tibiofibular ligament (AITFL), the
posterior (or posterior inferior) tibiofibular ligament or PTFL/PITFL, the interos-
seous membrane or tibiofibular interosseous ligament, and the transverse tibio-
fibular ligament or posterior inter-malleolar ligament. The anatomy of the
syndesmosis, especially the posterior aspect, is variable, and not all publications
agree on the number and denominations of all fibrous and ligamentous structures
(Fig. 11.1).

In terms of functional anatomy, the syndesmosis ensures stability of the ankle
joint during dorsiflexion and external rotation. Ankle dorsiflexion happens passively
during the third stage of gait at every step, while external rotation happens mainly
under load during physical activity such as pivot and contact sports. The
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Fig. 11.1 (a) Anterior view of the tibiofibular syndesmosis [1]. Tibia [2]. Fibula [3]. Interosseous
membrane [4]. Anterior inferior tibiofibular ligament, superior bundle [S]. Anterior inferior tibio-
fibular ligament, inferior bundle [6]. Anterior talofibular ligament. (b) Posterior view of the tibio-
fibular syndesmosis [1]. Tibia [2]. Fibula [3]. Interosseous membrane [4]. Posterior (inferior)
tibiofibular ligament [5]. Posterior inter-malleolar or transverse tibiofibular ligament [6]. Posterior
talofibular ligament

syndesmosis demonstrates an increased diastasis of 1-2 mm as the talus moves into
dorsiflexion, while the fibula undergoes 3—5° external rotation. On plantarflexion,
the process is reversed [6].

The role of the medial collateral ligaments (deep and superficial or deltoid)
should not be understated because, even though they are not anatomically part of the
syndesmosis, they are functionally part of the same complex, ensuring resistance to
excessive dorsiflexion, external rotation, and valgus constraints [7]. This explains
the large number of associated lesions in a traumatic context.
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Diagnosis
Clinical Evaluation

Background

The clinical diagnosis of an inferior tibiofibular syndesmosis (DTFS) lesion is con-
sidered difficult in the acute phase of the trauma. In fact, during the ankle sprain
mechanism, the clinical signs on DTFES are often in the background, and the symp-
toms are dominated by external or internal pain. These lesions are therefore unfor-
tunately frequently diagnosed at a distance when chronic and irreversible damage
has set in. Historically, DTFS involvement during an ankle sprain mechanism is
considered rare, but several authors have gradually questioned this dogma. For Hunt
[8], one in five ankle sprains is associated with a DTFES lesion. Other authors [9]
report a rate of over 50% DTES lesions visible on MRI. Mulcahay [9] studied this
in a population of 1216 ankle sprains in professional footballers and found 53% of
DTES involvement on MRI. This pathology is therefore largely underestimated,
while reliable clinical tests have been published to make the diagnosis.

Clinical Tests

In the acute phase of the trauma, the diagnosis should be made when the patient
complains of pain to the anterior aspect of the ankle radiating into the leg. The clini-
cian is faced with a picture of a “high” ankle sprain with painful symptoms on the
outside of the ankle less marked than usual. There may be a bruise on the anterior
aspect of the DTFS [10]. The main clinical sign to look for in this acute context is
pain on palpation of the antero-inferior tibiofibular ligament (AiTFL) [10]. This dif-
fers from the classic lateral sprain for which the pain is mainly localized on the
calcaneofibular ligament and on the anterior talofibular ligament. The sensitivity
and specificity of this clinical sign are evaluated at 92% and 79%, respectively, for
Sman [11]. This difference in painful localization should give rise to suspicion of an
impaired DTFS and therefore requires seeing the patient again a few days later to
perform dynamic tests. Indeed, pain in the acute phase of the sprain can make it dif-
ficult to interpret the clinical maneuvers described below. When the pain allows it,
clinical maneuvers can therefore be performed to confirm DTFS involvement. Six
main clinical tests have been described: the squeeze test, the Frick test, the cross-leg
test, the Cotton test, the fibular translation test, and the stabilization test. They can
be combined in the event of doubt.

The squeeze test [12] was published in 1990 by Hopkinson and consists of per-
forming a lateral compression of the leg. The examiner places his dominant hand
just above the upper half of the patient’s leg. The thumb is placed on the tibia and
the lateral fingers on the fibula. The examiner performs a squeezing movement
between his thumb and lateral fingers and looks for pain caused by this maneuver in
the DTES (photo 1). Different authors [11, 13, 14] report a good specificity of 88%
to 93% but a low sensitivity estimated at 30% (Fig. 11.2).

Kiter [15] offers a self-test performed by the patient himself: the cross-leg test.
The patient is seated on the edge of the examination table. He positions the leg to be
tested on the opposite knee. The point of support of the leg on the knee should be
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Fig. 11.2 The squeeze test

located at the junction 1/3 lower-2/3 upper of the calf. Pressure is applied by the
patient on his knee and pain in the DTFS is sought (Fig. 11.3).

The Frick test [16], also called the forced lateral rotation test, is performed on a
patient in a seated position with the knee bent at 90°. The ankle is initially in a neu-
tral position. The examiner’s upper hand is resting on the knee and his lower hand
grasps the heel. The medial aspect of the foot is positioned resting on the forearm,
and then a lateral rotation movement of the ankle is applied. The test is positive if it
produces pain in the DTFS (Fig. 11.4). The sensitivity of this test is evaluated
between 30% and 71% and the specificity at 85% [14, 17, 18].

In severe cases, anteroposterior mobility between the tibia and the fibula may be
found. The examiner grasps the fibula between his fingers and looks for an
anteroposterior piston movement (Fig. 11.5): the fibular translation test [19].

Cotton [20] described an increase in mediolateral translation of the talus below
the tibia in the presence of DTFS.

Ward [21] performs a compression/dorsiflexion test while standing. He positions
himself behind the patient and asks him to perform a dorsiflexion movement with
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Fig. 11.3 The cross-
leg test

Fig. 11.4 The Frick test
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Fig. 11.5 The fibular
translation test

the ankle under load. In a second step, the examiner performs a compression move-
ment in the supramalleolar region. The test is positive if this compression maneuver
relieves the patient (Fig. 11.6). A variant of this test exists by replacing manual
compression by strapping.

In conclusion, the clinical picture reported by the patient and the positivity of
these different tests make it possible to highlight a painful symptomatology on
DTES in the event of acute, subacute, or chronic lesions. By increasing the number
of tests, the overall sensitivity of the clinical examination is increased. However,
clinical diagnosis alone is insufficient to make a therapeutic decision. It should be
supplemented by a suitable iconographic assessment confirming the diagnosis of
DTES instability and which will allow the surgical strategy to be defined.

Imaging

If a syndesmosis injury is suspected, imaging should be considered in addition to
the clinical history and physical examination with stress tests to confirm the diagno-
sis. Conventional imaging (radiography and CT) are widely used, but suffer from
lack of reproducibility and diagnostic power. Advanced modalities including MRI
and weight-bearing CT (WBCT) offer new perspectives and opportunities to diag-
nose syndesmotic lesions earlier in order to apply adapted treatment algorithms
before secondary onset degenerative evolution of the ankle joint occurs.

Radiography

Anteroposterior (AP) and mortise views are generally employed for assessment of
the distal tibiofibular syndesmosis. Syndesmotic injuries can happen in isolation or
in association with fractures. The most common are pronation-external rotation and
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Fig.11.6 The Ward test

supination-external rotational (SER) fractures, Weber type C (Fig. 11.7), and proxi-
mal fibular fractures (Maisonneuve type). A lateral view is required to see an avul-
sion fracture at the posterior tibial tubercle, or a view of the proximal tibia and fibula
when a Maisonneuve fracture is suspected.

The most common measurements used for detecting syndesmosis lesions on
plain radiographs are the tibiofibular clear space (TFCS, the distance between the
medial border of the fibula and the floor of the incisura at a level 1 cm proximal to
the tibial plafond), the tibiofibular overlap (TFO, the distance between medial bor-
der of the fibula and the anterior tubercle of the tibia), and the medial clear space
that can be increased with lateral shift of the talus (MCS, the distance between the
medial border of the talar dome and the lateral border of the medial malleolus on
mortise view) (Fig. 11.8).

In a cadaveric study, Harper and Keller first described these measurements
in normal situation: the TFCS on the AP and mortise views should normally be
less than 6 mm and seem to be the most reliable measurements, the TFO should
be greater than 6 mm on the AP view or 42% of fibular width and greater than
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Fig. 11.7 Typical Weber
type C fracture pattern
with disruption of the
distal syndesmosis,
increased TFCS and MCS,
and negative TFO
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Fig. 11.8 Postoperative aspect with persisting increased TFCS and MCS

1 mm on the mortise view, and the MCS should be less than or equal to the
superior joint space [22]. A more recent study showed that variability exists in
these measurements among normal individuals and that a lack of overlap on the
mortise view can be visualized in some normal cases [23]. Based on these
observations, obtaining contralateral views for comparison in equivocal cases
may be helpful.
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Several studies were carried out to predict syndesmotic disruption based on mal-
leolar fracture patterns [24, 25]. Hermans et al. demonstrated that by combining
radiographic measurement with the Lauge-Hansen fracture classification, the accu-
racy of syndesmotic injury prediction was increased [26].

Rotation stress or gravity stress views may be used to confirm latent diastasis
[27, 28]. Radiographic measurements of the distal tibiofibular syndesmosis can be
modified by rotation of the ankle/limb, which makes standardization of radiographic
measurements more difficult [29, 30]. As mentioned above, the TFCS on the AP
view seems to be the most reliable parameter for diagnosing syndesmosis lesions:
the reason for this is that it doesn’t change with rotation [31]. Similarly, in a study
in patients without ankle fractures evaluating the sensitivity of RX measurement
comparing to MRI diagnosis of syndesmotic injury, Schoennagel et al. similarly
found that TFCS is the best parameter [32].

Moreover, Jenkinson et al. demonstrated that intraoperative fluoroscopy stress
examination detected more undiagnosed unstable syndesmotic injuries than preop-
erative radiography alone [33]. They compared intraoperative mortise views of
Weber type C fractures with syndesmosis injury to the contralateral uninjured ankle.
Assessment of contour changes in lateral malleolar shape, and the appearance of the
lateral malleolar fossa cortex, proved to be a reliable method to detect distal fibula
rotational malreduction [34].

In a diagnostic meta-analysis study, Chun et al. found that the pooled sensitivity
for radiography to diagnose syndesmosis injury was 0.528 and 0.984 for the pooled
specificity which is dependent on the presence of ankle fractures [35].

To conclude, conventional radiographs are mainly useful to assess gross syndes-
motic injuries often associated with Weber type C fractures, but it is largely an
insensitive test in more subtle lesions. It results that treatment decisions based only
on RX may result in either failure to treat or overtreatment. The diagnosis of incom-
plete syndesmotic injuries remains difficult, particularly in cases when there is no
fracture (high ankle sprain), and requires more advanced imaging for confirmation
of syndesmosis disruption.

Computed Tomography (CT)

Computed tomography by providing excellent bone contrast and high-resolution
imaging is more accurate than conventional radiography, mostly in cases of subtle
syndesmotic injuries, low diastasis, and nondisplaced or subtle fractures such as
Wagstaffe-LeFort fractures that can be missed or undetected on plain radiographs
[36]. It has been used in subtle or complex cases over the past 20 years. However,
with the advent of cone beam weight-bearing CT which provides similar quality but
much less radiation dose, things may evolve rapidly in the future in favor of a more
widespread use of the latter, toward a standard utilization in A&E, trauma, and spe-
cialized foot and ankle centers.

Elgafy et al. noticed variations in the anatomy of the incisura fibularis on
CT. Nevertheless, using same reference points in normal patients, they found a
mean of 2 mm for the width of the anterior tibiofibular syndesmosis (between the tip
of the anterior tibial tubercle and the nearest point of the fibula) and a mean of 4 mm
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for the posterior tibiofibular syndesmosis (between the nearest point of the lateral
border of the posterior tibial tubercle and the medial border of the fibula) [37].

Taser et al. used 3D reconstruction of axial CT images to calculate the volume of
tibiofibular joint space, with the aim of detecting tibiofibular diastasis. They found
that a 1-mm diastasis increases approximately 43% of the joint space volume, while
from 1 to 3 mm, there is about a 20% increase for each 1-mm increase [38].

As for plain radiographs, given anatomic variability between individuals [39—
41], bilateral CT is very useful and strongly recommended for the evaluation of
syndesmotic injuries or malreduction [39, 42, 43]. However, this represents a high
radiation dose compared to what a modern, bilateral weight-bearing cone beam CT
offers, which questions the legitimacy of such an investigation today.

In case of chronic syndesmotic injuries, CT is used to assess fibular length,
degenerative changes within the syndesmosis or tibiotalar joint, osteochondral
lesions, the presence of a synostosis, or fracture malreduction.

In a cadaveric study with simulated malreduction models, Schon et al. found that
the most reliable measurements for detecting the magnitude and direction of the
malreduction are the clear space for lateral translation, the anterior tibiofibular dis-
tance for posterior translation, and the talar dome angle for external rotation of the
fibula [44]. According to Knops et al., the most reliable and accurate method for the
difficult assessment of fibular rotational malreduction is the measurement of the
angle between the tangent of the anterior tibial surface and the bisection of the verti-
cal midline of the fibula at the level of the incisura [45].

A study evaluated syndesmotic measurements during active motion of the ankle
using four-dimensional computed tomography (4DCT) in asymptomatic ankles
[46]. They found no change for all the syndesmotic measurements except for the
syndesmotic translation (defined by the distance between the anterior margins of the
tibia and the line tangential to the anterolateral surface of the fibula) which has a
propensity to decrease during plantarflexion, so the authors propose that changes of
syndesmotic measurements during dorsiflexion or plantarflexion in symptomatic
ankles could indicate syndesmosis-related instability. In contrast, a recent cadaveric
study showed that ankle plantarflexion (from 0° to 30°) doesn’t affect CT measure-
ments of the syndesmosis [47].

To conclude, although more expensive than radiographs, CT is a useful tool for
accurate assessment of the tibiofibular anatomy and subtle fractures and also to
guide surgical planning and fixation strategies [48] and to analyze malreduction
intraoperatively [49-52] or postoperatively. However, with recent endeavors such as
the development of stress CT (with external rotation and dorsiflexion) and cone
beam, the ongoing trend is clearly in favor of weight-bearing CT, which offers simi-
lar or better spatial definition at a much lower cost and radiation dose.

Cone Beam Weight-Bearing CT (WBCT)

Although some studies tried to analyze the syndesmosis during stance prior to the
emergence of this technology in the 2010’s such as by 3D/2D registration technique
or stereophotogrammetric analysis [53, 54], it was the emergence of cone beam
weight-bearing CT (WBCT) that allowed for the first time the analysis of
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syndesmosis on axial views during true weight bearing [55]. Weight-bearing CT is
more accurate than radiographs by preventing inaccuracies of projections and/or
foot orientation and allows studying bone positions in standing position in contrast
to conventional radiography and CT [56] (Fig. 11.9).

The influence of weight bearing on 2D measurements performed on CT scans is
still debated. However, this must not overshadow the advantages of cone beam CT,
which offers CT images at a much lower cost and radiation dose. The weight-
bearing aspect is a bonus of WBCT, not its nature. Indeed, Shakoor et al. didn’t find
significant differences in syndesmotic measurements, except for the MCS (medial

Fig. 11.9 Example of a cone beam WBCT scan (courtesy of Curvebeam, LLC)
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clear space), when weight bearing is applied during cone beam CT acquisition of
asymptomatic uninjured ankles [57]. Similarly a cadaveric study showed no differ-
ence between measurements of the distal tibiofibular syndesmosis in incomplete
and more complete syndesmotic injuries with and without load application, and
only more complete injuries of the distal tibiofibular syndesmosis could be identi-
fied using axial WBCT images [58]. In contrast, in a study comparing WBCT with
conventional CT, it has been demonstrated that weight bearing is a reproducible
method for assessing the syndesmosis with the following changes observed in
WBCT: lateral and posterior translation and external rotation of the fibula in relation
to the incisura [59]. In patients with a history of ankle injury, it has been shown that
weight bearing changes significantly some angular measurements and increases
posterior tibiofibular distance and diastasis [60].

In a cadaver study, when using WBCT, Krihenbiihl and colleagues demonstrated
on digitally reconstructed radiographs (DRR) and axial images that torque applica-
tion helps to diagnose incomplete syndesmotic injuries: the tibiofibular overlap
(TFO) was useful to differentiate isolated AITFL transection from native ankles.
The medial clear space (MCS) and the tibiofibular clear space (TFCS) were useful
predictors for more complete injuries by identifying an additional deltoid ligament
transection or PITFL transection, respectively [61, 62].

In a retrospective comparative study, Burssens et al. proposed a method to quan-
tify the displacement of a syndesmotic lesion. They used the 3D-mirrored healthy
ankle as template on bilateral WBCT scans in case of a high ankle sprains and on
bilateral non-weight-bearing CT in case of a fracture-associated syndesmotic lesion
(Fig. 11.10) [63]. Patel et al. did not find any significant syndesmotic differences
between right and left legs in patients’ healthy ankles [64]. So, as in conventional
radiographs or CT, for the diagnosis of syndesmosis and to determine if syndes-
motic measurements are normal or abnormal, the uninjured side as an internal

Medal - Latersl

Postes s

Fig. 11.10 Right-sided chronic syndesmotic ankle lesion in a 32-year-old male. Clinical exami-
nation demonstrated a positive squeeze and external rotation test. Weight-bearing CT images
revealed an increased posterior translation of the fibula (posterior sagging), and external rotation
demonstrated a reduced angle a compared to angle o’ (left). A 3D reconstruction of the same
patient was obtained after mirroring and matching the right on the left side based on the geometry
of the tibia. Computed anatomical landmarks allowed to quantify this lesion according to the 6
degrees of freedom. Images provided by Dr. Kristian Buedts and analyzed by Dr. Arne Burssens
(Ghent University, Belgium)
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control seemed to be a better reference than population-based ranges of normal
values since there is significant variation between sex and individuals [55, 65, 66].
Nevertheless, it has been shown that the intra- and interobserver reliability of syn-
desmotic reduction assessment with WBCT was low. However, this may be due to
the fact that 2D techniques (angles and distances) were applied in a 3D environment
[67]. The introduction of cone beam WBCT as a mainstream examination requires
the development of new, computerized tools such as semiautomatic 3D biometric
software [68]. Syndesmotic area calculation, followed by fibular rotation, has
already demonstrated high reliability [69]. Pushing this concept further, Bhimani
et al. have recently published on the use of volumetric measurements in a case-
control study of patients who were evaluated using a bilateral WBCT [70]. They
found significant increase in comparison with contralateral syndesmotic volume in
the case group, with the volumetric measurement being more sensitive than their 2D
counterparts.

Furthermore, in another very recent study, Del Rio et al. demonstrated that
WBCT allows visualizing greater diastasis in unstable ankles than with conven-
tional non-weight-bearing CT and that dynamic change in syndesmotic area from
NWB to WB and WB comparison with the contralateral uninjured ankle are two
parameters that may be useful for evaluating syndesmotic instability in the
future [71].

To conclude, WBCT presents the advantage of standardizing the position of the
foot and to perform bilateral full 3D standing scans of the foot and ankle complex
(Fig. 11.11). More studies will be performed in the very near future to standardize
syndesmotic area and volume measurements. In particular, the development of bone
segmentation has recently paved the way to new techniques such as distance map-
ping, which registers pixel per pixel (rather voxel per voxel since WBCT is in a 3D

Fig. 11.11 Left-sided syndesmotic ankle sprain in a 21-year-old male hockey player. Clinical
examination demonstrated gross instability during the fibular translation test. Weight-bearing CT
images reveal an increased anterior fibular translation (increased distance d” and reduced distance
e’ relative to distance d and e). Images provided by Dr. Kristian Buedts and analyzed by Dr. Arne
Burssens (Ghent University, Belgium)
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Fig. 11.12 Distance mapping of the tibial incisura, comparative of a normal (left) versus injured
side (right). Image provided by Dr. Francois Lintz, analysis by Pr Sorin Sigler (Drexel University,
Philadelphia, USA)

environment) a joint surface interactions map [72] (Fig. 11.12). In parallel, the
development of automatic measurement software which has arisen from the grow-
ing use of cone beam WBCT as standard of care in orthopedic practices will help to
identify more precisely syndesmotic pathology, particularly in patients with occult
syndesmotic instability or to assess postoperative reduction.

Magnetic Resonance Imaging (MRI)

Magnetic resonance imaging (MRI) of the syndesmotic complex is a useful diag-
nostic tool to evaluate the integrity of syndesmotic ligaments often misdiagnosed by
conventional imaging. Thereby, it helps to evaluate the grade of injury by determin-
ing which ligament(s) are torn (grades I to IV) [10, 73]. Using standard 3.0 T proto-
col, especially the T1 and T2 axial images, an abnormal course, a wavy irregular
appearance (fuzzy contours), discontinuity, and abnormal signal intensity (enhance-
ment or non-visualization) are signs of a ligament injury (Fig. 11.13).

MRI is a highly sensitive and specific tool for pretherapeutic evaluation of both
acute and chronic syndesmotic injuries [74]. In comparison with arthroscopy as a
definitive diagnostic standard, it has been demonstrated that MRI diagnosis was
100% sensitive for both anterior inferior tibiofibular ligament (AITFL) and poste-
rior inferior tibiofibular ligament (PITFL) disruptions, 70-94% specific for AITFL
injury and 100% specific for PITFL rupture [75, 76]. In similar studies, Han et al.
and Clanton et al. also reported high sensitivity, specificity, and accuracy for MRI in
detecting syndesmotic injury [77, 78].

Based on this knowledge, several studies have demonstrated that there is no cor-
relation between the tibiofibular clear space (TFCS) and tibiofibular overlap (TFO)
on radiographs with anterior or posterior syndesmotic ligament injury on MRI scans
[26, 79].

It has also been shown that the presence of the lambda sign (Fig. 11.14) noted as
a high-intensity signal on coronal MRI that resembles the Greek letter lambda with
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Fig. 11.13 Example of AITFL rupture in a 40-year-old football player

physical exam findings suggestive of syndesmotic pain was sensitive (75%) and
specific (85%) for injuries involving greater than 2 mm of diastasis on arthroscopic
stress examination [51].

It appears that MRI may be helpful in planning surgical approaches by revealing
syndesmotic injury patterns less predictable on the radiographs. Indeed, some ankle
fractures are quite frequently unclassifiable under the Lauge-Hansen system, and
MRI demonstrated that this classification has limitations as a predictor of the mech-
anism of injury and the presence of ligamentous disruption associated with ankle
fractures [80].

In addition, secondary findings can be concurrently assessed by MRI such as
bone contusions, tibiofibular joint incongruity, height of the tibiofibular recess,
osteochondral lesions, tendinous structures, and subtle bony injuries [81, 82].

Despite its good sensitivity and specificity in detecting a syndesmotic lesion, there
remains controversy about the ability of MRI to diagnose whether the latter is the
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Fig. 11.14 Localization
of the “lambda sign,” from
the Greek letter A, between
the superior aspect of the
talar dome, the talofibular
facet, and the syndesmosis,
where the most proximal
extremity of the A
corresponds to the inferior
aspect of the syndesmosis,
where an AITFL rupture
corresponds to a low T1
signal and a hyper T2
signal. Image Courtesy of
Pr Cesar de Cesar Netto
(University of Iowa, Iowa
City, USA)

cause for instability as it’s not a dynamic test. Several pitfalls in the MRI diagnosis of
syndesmotic ligament injury should be avoided. Firstly, the AITFL, PITFL, and the
anterior, posterior talofibular ligaments are close and have similar obliquity on axial
views: they can therefore easily be confused. Secondly, a ligament disruption should
not be confused with the striated appearance of the AITFL resulting from interspersed
areas of fat between the multiple bands of the ligament [83]. Finally, syndesmotic
ligaments obliqueness can lead to false positive as compared to intraoperative findings
since they might appear interrupted when the MRI slice is not parallel to the ligament,
resulting also in false positives. Hermans et al. described the advantage of MRI scan-
ning not in the orthogonal axial plane but in an oblique plane of about 45°, parallel to
the AITFL and PITFL to improve visualization and to decrease the risk of false-posi-
tive diagnosis of partial or complete ligament ruptures [84].
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To conclude, MRI is a very helpful tool to assess the presence or absence of
syndesmotic lesions and potential concurrently associated lesions, but has to be bal-
anced with knowledge of anatomy and imaging pitfalls. However, being a non-
weight-bearing, static imaging, it does not permit to conclude that any lesion is the
cause for instability.

Ultrasonography

Ultrasound (US) is an easy and reliable but underused tool in the assessment of the
syndesmosis. Research on syndesmotic injuries is more interested in complex, inva-
sive, and often expensive evaluation methods. A specific US protocol, both static
and dynamic, could however be effective in the future to help with the diagnosis of
the majority of acute and chronic lesions. The first articles describing the use of US
for syndesmosis assessment are more than 20 years old [85]. Despite this, US does
not seem to be considered as a reliable tool to assess the syndesmotic joint [35, 86].
The two main limitations of US are its operator dependence and the fact that US
scan is not able to visualize intra-articular injuries. However, it is a low-cost, nonin-
vasive, quick, and effective exam which allows both static and dynamic evaluation.
Ligamentous US dynamic assessment can be effective by showing enlargement of
the space between the ends of a ligament, elongation or rupture, or modification of
joint biomechanics, but this method still requires standardization and reproducibil-
ity criteria [87, 88] to be effective in clinical practice.

Syndesmosis Static Assessment

Syndesmotic sprains always start with antero-inferior tibiofibular ligament (AITFL)
rupture, which is the anterior lock of the joint. Then the severity of the injury
increases with interosseous membrane (IOM) tear and finally postero-inferior tibio-
fibular ligament (PITFL) lesion. The deltoid ligament (DL) can be injured during
the trauma and must also be systematically investigated.

Antero-Inferior Tibiofibular Ligament (AITFL)

On an anterior-posterior view [89-91], it runs obliquely downward and laterally
from the anterior tibial tubercle to the anterior border of lateral malleolus. It is com-
posed of several fascicles.

Normal AITFL thickness ranges from 2.6 to 4 mm. It appears as an echogenic
fibrillary structure like any other ligament (Fig. 11.15). The US beam should be as
perpendicular as possible to the ligament to avoid anisotropy artifacts.

Acute ruptures will show ligament discontinuity or hypoechoic, thickened, and
heterogeneous areas in the ligament with loss of fibrillary aspect (Fig. 11.16).
Chronic injury may have similar appearances, but the clinical context and dynamic
maneuvers will help with the diagnosis.

Interosseous Membrane (IOM)
After AITFL visualization, the interosseous membrane can be assessed by put-
ting the probe in a horizontal plane and by moving slowly upward. It appears as
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Fig.11.15 AITFL,
normal

Fibula

Fibula

Fig.11.16 (a, b) AITFL acute tears

a thin hyperechoic and continuous line between the tibia and fibula (Fig. 11.17).
The injured IOM is poorly defined and hypoechoic and can be discontinu-
ous [92].

Posterior Inferior Tibiofibular Ligament (PITFL)

As recently described, it is possible to visualize the PITFL directly (Fig. 11.18).
This requires the patient to lie in prone position, ideally with the foot hanging off
the end of the table.

The ligament runs obliquely upward and medially from the posterior tip of the
distal fibula to the lateral process of the tibia. The superficial component of PITFL
appears as a tense and fibrillar structure, whereas its deep component, the transverse
ligament, is more difficult to visualize [93].

PITFL injuries (Fig. 11.19) always occur in the same area near its tibial insertion
with visualization of a thickened and hypoechoic ligament or small bony avulsions
[94-96].
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Fig. 11.17 Normal IOM

Fig. 11.18 Normal PITFL

Fibula

Fig. 11.19 PITFL acute
injury
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Deltoid Ligament (DL)
Due to its biomechanical role in limiting ankle abduction, external rotation, and
dorsal flexion, the examination of the DL must be systematic.

We are used to describing an anterior superficial deltoid and a posterior deep
deltoid. But its anatomy is much more complex, and DL injury assessment can be
challenging, ranging from the identification of hypoechoic areas, and swelling with-
out frank disruption, and involving several bundles [97-99].

MRI studies have shown that superficial deltoid injuries are the most frequent
and are always superficial tibial avulsion, whereas lesions of the posterior deltoid
concern the posterior tibiotalar ligament and are mostly found at the level of its talar
insertion.

Syndesmosis Dynamic Assessment

The dynamic maneuvers to assess the normal (Fig. 11.20; Videos 11.1, 11.2, 11.3,
and 11.4), acute (Fig. 11.21; Videos 11.5 and 11.6), and chronic (Fig. 11.22) syn-
desmosis already published consist, on a subject in supine position with knee flexed
at 90° and ankle in ankle dorsiflexion, in causing external and internal rotation on
the ankle and measuring clear space between the tibia and fibula. This clear space
increases in external rotation, especially when the AITFL is injured, and decreases
in internal rotation [100-102].

Probe positions

Fig. 11.20 Dynamic US protocol of normal syndesmosis assessment
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Normal jeint Normal joint
Neutral rotation

External rotation with stretched AITFL and PITFL bulging

Fig. 11.21 Acute syndesmosis injury assessment

Acute AITFL tear AITFL Tear + 10L tear + PITFL lesion
No AITFL tensioning

Fig. 11.22 Chronic syndesmosis injury assessment

However, the reproducibility and reliability of clear space measurement in
2D ultrasound scan are questionable. Furthermore, we have identified signifi-
cant interindividual differences in physiological mobility of syndesmosis
[103, 104].

We prefer a dynamic analysis of the associated mobility of the tibia and fibula.
For this it is possible to assess not only the AITFL but also the PITFL on a patient
in prone position with the foot hanging off the end of the table by applying soft
external rotation on a relaxed ankle.

The external rotation and posterior translation of the fibula [55, 105] and liga-
ments tensioning [106, 107] can thus be perfectly visualized.

Furthermore, ultrasonography also enables the assessment of the deep and super-
ficial components of the medial collateral ligament (Fig. 11.23; Videos 11.7
and 11.8).

Normal Syndesmosis Assessment
Anterior view (Video 11.3)
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a AITFL Chronic tear AITFL chronic tear
Neutral rotation External rotation with loose AITFL

Tibia

Fig. 11.23 (a, b) Deltoid ligament dynamic assessment

1. Posterior translation (1-3 mm) and external rotation of the fibula in relation to
the tibia

2. Tensioning of the AITFL

3. Associated mobilization of the fibula and tibia in external rotation

Posterior view (Video 11.4)
Approximation in a mediolateral axis of the tibia and fibula with bulging (poste-
rior convexity) of the PITFL.

Acute Syndesmosis Injury Assessment
Anterior view (Video 11.5)

1. Posterior translation and external rotation of the fibula

2. No tensioning of the AITFL

3. Increased motion of the fibula without transmission to the tibia - > complete dis-
sociation (acute lesion) of tibiofibular mobility
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Posterior view (Video 11.6)

1. Alteration of tibial posterior malleolar, bone, or periosteal avulsion
2. No additional objective contribution from posterior dynamic visualization

Chronic Syndesmosis Injury Assessment
In anterior view, AITFL is most of the time loose or rarely disrupted and tibia mobil-
ity appears delayed. Posterior visualization does not provide other elements.

Deltoid Ligament Dynamic Assessment

The DL has never been the subject of dynamic US studies, but mobilization in exter-
nal rotation, eversion, or dorsal flexion makes it possible to put in tension the differ-
ent bundles.

Syndesmosis Standardized Ultrasound Scan
This examination should not be limited to a quick AITFL view in supine position.

IOM must be assessed too because its injury would confirm serious AITFL dam-
age. Then, the DL, with its two components, superficial and deep, should be checked.

Then the patient should be placed in a prone position to allow the dynamic
assessment of AITFL and PITFL. In this position it is easy to test at the same time
ATFL, CFL, and DL.

In acute injuries and associated with a radiological examination (to not miss a
fracture or a frank diastasis), this US standardized scan allows a sufficient assess-
ment of the syndesmosis enabling a therapeutic decision.

In chronic cases and according to the experience of the operator, it is an extremely
effective method to diagnose chronic lesions (AITFL, PITFL, IOM, deltoid) but also
to evaluate, in a comparative manner with the other ankle, physiological or patho-
logical joint laxity and thus to highlight a potential instability of the syndesmosis.

Evidence-Based Critical Appraisal of the Literature Conforming
to PRISMA Statement

Dynamic or Static Stabilization to Fix Syndesmotic Injuries: What
Does the Literature Say?

Over the last years, a few randomized trials have compared dynamic and static stabi-
lization methods to fix ankle syndesmotic injuries (Fig. 11.24). Multiple meta-analyses
have been published [108—113], with particular attention toward the suture-button
technique. In 2020, a biomechanical comparison on cadaveric specimens by Lee et al.
demonstrated how the dynamic fixation performed using suture button led to less
rigidity as compared to metal or bioabsorbable screws, with a final construct much
more similar to the physiological syndesmosis in terms of micromotion.

Among the clinical meta-analyses, the larger and most recent one has been con-
ducted by Grassi et al. and published in March 2020 on the American Journal of
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Fig. 11.24 Examples of rigid (left) and dynamic (right) fixation systems. Images courtesy of Dr.
Cesar de Cesar Netto (University of lowa, lowa City, USA)

Sports Medicine. In this study, performed according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, seven ran-
domized controlled trials (level I of evidence) were included, for a total of 168
patients treated with dynamic fixation (in five studies the suture button was used, in
one cerclages and in one elastic hook plate) and 167 with static fixation (trans-
syndesmotic screws). Follow-up in primary studies was between 12 and 24 months.

For what concerns the complications related to surgery, dynamic fixation was
associated with a reduced risk of inadequate reduction at final follow-up, recurrent
diastasis or instability, implant breakage, and implant loosening. This finding was
confirmed regardless of the type of device used, the decision to retain or remove the
screw, and the length of follow-up (shorter or longer than 12 months). Interestingly,
in a subgroup analysis where authors considered only “clinically relevant complica-
tions” (i.e., all but implant breakage and loosening), there was no difference between
the dynamic and the static stabilization group.

Although the reoperation rate was similar between the two groups, the authors
found a reduced risk of being reoperated after dynamic fixation if compared with
static stabilization with permanent screws. The use of different devices and the
length of follow-up didn’t seem to affect the result in this case either.

In terms of clinical outcome, the analysis of the Olerud-Molander score did not
reveal any significant difference between the two methods of treatment. Conversely,
the American Orthopaedic Foot & Ankle Society (AOFAS) score was higher (there-
fore better) by six points at 3 months, by five points at 12 months, and by eight
points at 24 months for patients who have undergone dynamic stabilization when
compared to the static fixation. The Visual Analog Scale (VAS) also revealed a bet-
ter control of pain for the dynamic fixation group, with mean values being lower by
—0.7 and —0.5 points by 6 and 12 months. It should be emphasized that, although
these differences resulted statistically significant, the minimally clinical important
difference of these parameters in ankle fractures has not been established yet. This
means that it’s difficult to translate the advantages shown through these scores into
daily practice, and a clear conclusion about the superiority of one technique versus
one other in clinical terms cannot be drawn.

Finally, the time to return to work and to sport (which are important parameters
from a patient perspective) were evaluated only in two and one study, respectively;
therefore further analyses are warranted to verify whether dynamic fixation allows
a quicker recovery or not.
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The Ultimate Treatment Algorithm

Based on the evidence in the literature and the author’s experience.

Introduction

The treatment of syndesmotic injuries is a challenge for sports physicians and
surgeons.

This report only presents isolated syndesmotic lesions.

We present a simple algorithm to help determine the management of these inju-
ries based on the most recent data in the literature and our personal experience.

In the decisional algorithms that have already been proposed in the literature
[114, 115], management is determined according to the delay before surgery (acute,
subacute, chronic). Certain notions in these treatment algorithms are highly theo-
retical (latent or clear instability, possibility of ligament repair, etc.) and difficult
to apply.

Our goal is to present a final treatment algorithm that is reproducible in clinical
practice.

Because of the severe and rapid consequences of poorly treated syndesmotic
lesions, we advise being extremely cautious and even overtreating these injuries.

There are two stages of management, chronic and acute. The acute stage is
defined as 6 weeks after injury in clinical practice [115].

Acute Phase

“One can only treat what one finds, find what one looks for, and look for what one
knows.” This saying is particularly true for syndesmotic lesions, which often go
unrecognized.

Making a Diagnosis

Before the lesion can be treated, a diagnosis must be made. To prevent a misdiagno-

sis, syndesmotic lesions should be suspected in the presence of any ankle injury.
The mechanism of injury (rotational force on a foot that is planted on the ground)

and the cause (contact sport, rugby, judo, American football, sports on artificial

grass surface) should prompt the physician to systematically perform a squeeze test

of AITFL and a forced lateral rotation test.

Determine Disease Severity

X-rays are standard practice, and an MRI should be performed in case of clinical
signs to determine the severity of ligament damage. The treatment strategy will
depend on the grade of severity and the number of damaged ligaments. Sikka [73]
et al. have proposed a four-grade classification:
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¢ Anterior inferior talofibular (AITFL)

e IOL (interosseous ligament)

e Posterior talofibular ligament (PTFL)

e Medial collateral ligament (MCL)

e Grade 1: Isolated AITFL injury

e Grade 2: AITFL + IOL (+ interosseous membrane)
e Grade 3: AITFL + IOL + PTFL

e Grade 4: AITFL + IOL + PTFL + MCL

Treatment
Once the diagnosis has been made and the severity of the injuries has been identi-
fied, treatment can be determined based on these elements.

There is a consensus in the literature on the management of stages 1, 3, and 4.

Grade 1: Conservative Orthopedic Treatment

There is no consensus on the amount of time weight should be kept off the foot for
orthopedic treatment or on the type and duration of immobilization [114, 116, 117].
Flexible, removable splints such as the Aircast device do not sufficiently control
flexion and extension of the ankle and are contraindicated in our practice. We prefer
strict non-weight bearing and immobilization with an orthopedic boot for 21 days.
The patient will only place weight on the foot when the ankle is completely pain-
free. Non-weight bearing can be extended to 6 weeks. The walking boot makes it
possible to begin physical rehabilitation immediately and limit loss of muscle tone.
There are three phases to rehabilitation described in the literature [117-120]. The
initial goal is to relieve pain with manual lymphatic drainage and compressive cryo-
therapy. Compression socks are used as soon as possible. Preventive anticoagula-
tion is associated with the non-weight-bearing phase.

The goal of the second phase of rehabilitation is to recover complete joint range
of motion and strengthen the active stabilizers in the foot. Special attention is paid
to the intrinsic foot muscles, in particular the medial plantar muscle, and the pri-
mary muscles of ankle inversion (common flexor muscles of the toes, the extensor
hallucis longus, the tibialis posterior). Finally, proprioceptive neuromuscular facili-
tation work is begun.

The third phase involves physical training to allow the patient to return to all his/
her activities. This can never begin before week 6.

Grades 3 and 4: They Are Treated Surgically

Numerous studies have been performed to evaluate the type (static or dynamic),
number of fixation, their influence on the quality of reduction, and the medico-
economic impact of these options [5, 6, 10, 13, 17, 114-116, 121-134]. There seems
to be an advantage to a double dynamic fixation [55, 109, 134—138]. In our practice
anterior arthroscopy of the ankle is systematically performed first to confirm infe-
rior tibiofibular instability [41-44], to directly repair the AITFL injury if the quality
of remaining tissue is good, and to search for and treat associated injuries such as
detachment of the deep fibers of the medial collateral ligament.
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Although certain authors [123, 139] prefer direct repair of ligament damage, this
has not been shown to be better than isolated fixation.

Rehabilitation following surgical treatment is similar to that with orthopedic
management.

Grade 2

This is the only grade of severity that is a subject of debate. For numerous authors
management depends on the patient, his/her age, and activity. It has been shown that
1 mm of lateral talar shift under the tibia results in a reduction in contact area of
42% [140]. In our practice, surgical treatment is systematic, because of the signifi-
cant risk of rapid deterioration and morbidity. As described above treatment begins
with arthroscopy to confirm the instability of the lesion by hook palpation. If the
hook can be inserted into the syndesmosis, the test is positive, and the joint is con-
sidered to be unstable [141]. Stabilization is obtained with two cortical suture
endobuttons.

The Case of Chronic Lesions

Like acute disease, the diagnosis is mainly based on a clinical examination and
questioning of the patient. The patient usually mentions pain, a feeling of instability,
swelling, and an inability to perform his/her usual activities. Additional tests con-
firm the suspected clinical diagnosis.

Surgical treatment will depend on the presence of degenerative changes in the
inferior tibiofibular joint and/or the tibiotalar joint.

Although certain authors propose different treatment options depending on the
function of the remaining ligaments [114, 115], we find this approach difficult to
apply in clinical practice.

Lesions without Degenerative Changes

Although numerous treatments have been tested to manage these cases, only two
options are now considered: arthroscopic debridement and anatomical reconstruc-
tion. These two treatment options are generally protected by static or dynamic
stabilization.

Reconstruction by open surgery is proposed by Grambart et al. [142] for up to a
year after injury, based on empirical evidence alone.

To our knowledge there are no studies comparing the results of simple debride-
ment to ligament reconstruction.

Most articles on ligament reconstruction are technical notes [143—147] except
for the report by Yasui et al. [148] who evaluated six patients and described excel-
lent results after a mean 38 months of follow-up for isolated reconstruction of
the AITFL.

Simple debridement with stabilization is less invasive. This is the approach taken
in our practice, even if a study by Han [77] did not find any statistically significant
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difference between debridement with and without stabilization. That study empha-
sized the role of soft tissue impingement as the origin of pain.

In the Presence of Degenerative Changes
If the degenerative changes are localized in the tibiofibular joint, arthrodesis of the
inferior tibiofibular joint is performed [132, 149, 150] especially since this does not
seem to limit dorsal or plantarflexion of the ankle [58, 151].

In case of talar degeneration, most authors propose ankle arthrodesis alone. On
the other hand, others consider total ankle arthroplasty to be a feasible option [125].

Algorithm

Certain concepts in existing algorithms [114, 115] are abstract and difficult to evalu-
ate in clinical practice when determining the appropriate therapeutic option:

— The stability of the injury

— The possibility of repairing the remaining ligament

— Whether the injury is considered subacute (between 6 weeks and 6 months) or
chronic (> 6 months)

Because of the risk of morbidity in chronic lesions of the syndesmosis [152], we
recommend:

— Systematically searching for syndesmotic lesions in all ankle injuries
— Surgical treatment for any lesions that are more severe than those in an iso-
lated AITFL

Based on the authors’ experience and the literature, we recommend the use of the
following algorithm, described in Fig. 11.25.

References

1. Grofterlinden LG, Hartel M, Yamamura J, Schoennagel B, Biirger N, Krause M, et al. Isolated
syndesmotic injuries in acute ankle sprains: diagnostic significance of clinical examination
and MRI. Knee Surg Sports Traumatol Arthrosc. 2016;24(4):1180-6.

2. Loren GJ, Ferkel RD. Arthroscopic assessment of occult intra-articular injury in acute ankle
fractures. Arthroscopy. 2002;18(4):412-21.

3. Hunt KJ, Goeb Y, Behn AW, Criswell B, Chou L. Ankle joint contact loads and displacement
with progressive Syndesmotic injury. Foot Ankle Int. 2015;36(9):1095-103.

4. Sarrafian SK, Kelikian AS. Sarrafian’s anatomy of the foot and ankle: descriptive, topo-
graphic, functional. 3rd ed. Philadelphia: Wolters Kluwer Health, Lippincott Williams &
Wilkins; 2011.

5. Yuen CP, Lui TH. Distal tibiofibular syndesmosis: anatomy, biomechanics, injury and man-
agement. Open Orthop J. 2017;11:670-7.



Syndesmotic Injuries 257

11.

12.

14.

15.

16.

18.

19.

20.
21.

22.

23.

24.

25.

26.

217.

28.

. Tourné Y, Molinier F, Andrieu M, Porta J, Barbier G. Diagnosis and treatment of tibiofibular

syndesmosis lesions. Orthop Traumatol Surg Res. 2019;105(8S):S275-86.

. Massri-Pugin J, Lubberts B, Vopat BG, Wolf JC, DiGiovanni CW, Guss D. Role of the deltoid

ligament in Syndesmotic instability. Foot Ankle Int. 2018;39(5):598-603.

. Hunt KJ, Hurwit D, Robell K, Gatewood C, Botser IB, Matheson G. Incidence and epi-

demiology of foot and ankle injuries in elite collegiate athletes. Am J Sports Med.
2017;45(2):426-33.

. Mulcahey MK, Bernhardson AS, Murphy CP, Chang A, Zajac T, Sanchez G, et al. The epi-

demiology of ankle injuries identified at the National Football League Combine, 2009-2015.
Orthop J Sports Med. 2018;6(7):2325967118786227.

. Switaj PJ, Mendoza M, Kadakia AR. Acute and chronic injuries to the syndesmosis. Clin

Sports Med. 2015;34(4):643-77.

Sman AD, Hiller CE, Rae K, Linklater J, Black DA, Nicholson LL, et al. Diagnostic accuracy
of clinical tests for ankle syndesmosis injury. Br J Sports Med. 2015;49(5):323-9.
Hopkinson WJ, St Pierre P, Ryan JB, Wheeler JH. Syndesmosis sprains of the ankle. Foot
Ankle. 1990;10(6):325-30.

. Vopat ML, Vopat BG, Lubberts B, DiGiovanni CW. Current trends in the diagnosis and man-

agement of syndesmotic injury. Curr Rev Musculoskelet Med. 2017;10(1):94—103.

van Dijk CN, Longo UG, Loppini M, Florio P, Maltese L, Ciuffreda M, et al. Classification
and diagnosis of acute isolated syndesmotic injuries: ESSKA-AFAS consensus and guide-
lines. Knee Surg Sports Traumatol Arthrosc. 2016;24(4):1200-16.

Kiter E, Bozkurt M. The crossed-leg test for examination of ankle syndesmosis injuries. Foot
Ankle Int. 2005;26(2):187-8.

Boytim MJ, Fischer DA, Neumann L. Syndesmotic ankle sprains. Am J Sports Med.
1991;19(3):294-8.

. Rammelt S, Obruba P. An update on the evaluation and treatment of syndesmotic injuries.

Eur J Trauma Emerg Surg. 2015;41(6):601-14.

Knapik DM, Trem A, Sheehan J, Salata MJ, Voos JE. Conservative management for stable
high ankle injuries in professional football players. Sports Health. 2018;10(1):80—4.
Ogilvie-Harris DJ, Reed SC. Disruption of the ankle syndesmosis: diagnosis and treatment
by arthroscopic surgery. Arthroscopy. 1994;10(5):561-8.

Cotton F. Dislocations and joint-fractures. Philadelphia: W. B. Saunders; 1910.

Ward DW. Syndesmotic ankle sprain in a recreational hockey player. ] Manip Physiol Ther.
1994;17(6):385-94.

Harper MC, Keller TS. A radiographic evaluation of the tibiofibular syndesmosis. Foot
Ankle. 1989;10(3):156-60.

Shah AS, Kadakia AR, Tan GJ, Karadsheh MS, Wolter TD, Sabb B. Radiographic evaluation
of the normal distal tibiofibular syndesmosis. Foot Ankle Int. 2012;33(10):870-6.

Ebraheim NA, Weston JT, Ludwig T, Moral MZ, Carroll T, Liu J. The association between
medial malleolar fracture geometry, injury mechanism, and syndesmotic disruption. Foot
Ankle Surg. 2014;20(4):276-80.

Choi Y, Kwon S-S, Chung CY, Park MS, Lee SY, Lee KM. Preoperative radiographic and CT
findings predicting syndesmotic injuries in supination-external rotation-type ankle fractures.
J Bone Joint Surg Am. 2014;96(14):1161-7.

Hermans JJ, Wentink N, Beumer A, Hop WCJ, Heijboer MP, Moonen AFCM, et al.
Correlation between radiological assessment of acute ankle fractures and syndesmotic injury
on MRI. Skelet Radiol. 2012;41(7):787-801.

Xenos JS, Hopkinson WJ, Mulligan ME, Olson EJ, Popovic NA. The tibiofibular syndesmo-
sis. Evaluation of the ligamentous structures, methods of fixation, and radiographic assess-
ment. J Bone Joint Surg Am. 1995;77(6):847-56.

Schock HJ, Pinzur M, Manion L, Stover M. The use of gravity or manual-stress radiographs
in the assessment of supination-external rotation fractures of the ankle. J Bone Joint Surg Br.
2007;89(8):1055-9.



258

F.Lintz et al.

29

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

. Beumer A, Swierstra BA. The influence of ankle positioning on the radiography of the distal
tibial tubercles. Surg Radiol Anat. 2003;25(5-6):446-50.

Beumer A, van Hemert WLW, Niesing R, Entius CAC, Ginai AZ, PGH M, et al. Radiographic
measurement of the distal tibiofibular syndesmosis has limited use. Clin Orthop Relat Res.
2004:423:227-34.

Pneumaticos SG, Noble PC, Chatziioannou SN, Trevino SG. The effects of rotation on radio-
graphic evaluation of the tibiofibular syndesmosis. Foot Ankle Int. 2002;23(2):107-11.
Schoennagel BP, Karul M, Avanesov M, Bannas P, Gold G, Grofterlinden LG, et al. Isolated
syndesmotic injury in acute ankle trauma: comparison of plain film radiography with 3T
MRI. Eur J Radiol. 2014;83(10):1856-61.

Jenkinson RJ, Sanders DW, Macleod MD, Domonkos A, Lydestadt J. Intraoperative
diagnosis of syndesmosis injuries in external rotation ankle fractures. J Orthop Trauma.
2005;19(9):604-9.

Chang S-M, Li H-F, Hu S-J, Du S-C, Zhang L-Z, Xiong W-F. A reliable method for intra-
operative detection of lateral malleolar malrotation using conventional fluoroscopy. Injury.
2019;50(11):2108-12.

Chun D-I, Cho J-H, Min T-H, Park SY, Kim K-H, Kim JH, et al. Diagnostic accuracy of
radiologic methods for ankle syndesmosis injury: a systematic review and meta-analysis. J
Clin Med. 2019;8(7):968.

Ebraheim NA, Lu J, Yang H, Mekhail AO, Yeasting RA. Radiographic and CT evaluation of
tibiofibular syndesmotic diastasis: a cadaver study. Foot Ankle Int. 1997;18(11):693-8.
Elgafy H, Semaan HB, Blessinger B, Wassef A, Ebraheim NA. Computed tomography of
normal distal tibiofibular syndesmosis. Skelet Radiol. 2010;39(6):559-64.

Taser F, Shafiq Q, Ebraheim NA. Three-dimensional volume rendering of tibiofibular joint
space and quantitative analysis of change in volume due to tibiofibular syndesmosis diastases.
Skelet Radiol. 2006;35(12):935-41.

Mukhopadhyay S, Metcalfe A, Guha AR, Mohanty K, Hemmadi S, Lyons K, et al.
Malreduction of syndesmosis—are we considering the anatomical variation? Injury.
2011;42(10):1073-6.

Nault M-L, Hébert-Davies J, Laflamme G-Y, Leduc S. CT scan assessment of the syndesmo-
sis: a new reproducible method. J Orthop Trauma. 2013;27(11):638-41.

Liu GT, Ryan E, Gustafson E, VanPelt MD, Raspovic KM, Lalli T, et al. Three-dimensional
computed tomographic characterization of normal anatomic morphology and variations of
the distal tibiofibular syndesmosis. J Foot Ankle Surg. 2018;57(6):1130-6.

Malhotra G, Cameron J, Toolan BC. Diagnosing chronic diastasis of the syndesmosis: a novel
measurement using computed tomography. Foot Ankle Int. 2014;35(5):483-8.

Ahrberg AB, Hennings R, von Dercks N, Hepp P, Josten C, Spiegl UJ. Validation of a
new method for evaluation of syndesmotic injuries of the ankle. Int Orthop. 2020;44(10):
2095-100.

Schon JM, Brady AW, Krob JJ, Lockard CA, Marchetti DC, Dornan GJ, et al. Defining the
three most responsive and specific CT measurements of ankle syndesmotic malreduction.
Knee Surg Sports Traumatol Arthrosc. 2019;27(9):2863-76.

Knops SP, Kohn MA, Hansen EN, Matityahu A, Marmor M. Rotational malreduction of the
syndesmosis: reliability and accuracy of computed tomography measurement methods. Foot
Ankle Int. 2013;34(10):1403-10.

Mousavian A, Shakoor D, Hafezi-Nejad N, Haj-Mirzaian A, de Cesar NC, Orapin J, et al.
Tibiofibular syndesmosis in asymptomatic ankles: initial kinematic analysis using four-
dimensional CT. Clin Radiol. 2019;74(7):571.e1-8.

Levack AE, Dvorzhinskiy A, Gausden EB, Garner MR, Warner SJ, Fabricant PD, et al.
Sagittal ankle position does not affect axial CT measurements of the syndesmosis in a cadav-
eric model. Arch Orthop Trauma Surg. 2020;140(1):25-31.

Black EM, Antoci V, Lee JT, Weaver MJ, Johnson AH, Susarla SM, et al. Role of preoperative
computed tomography scans in operative planning for malleolar ankle fractures. Foot Ankle
Int. 2013;34(5):697-704.



Syndesmotic Injuries 259

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Franke J, von Recum J, Suda AJ, Griitzner PA, Wendl K. Intraoperative three-dimensional
imaging in the treatment of acute unstable syndesmotic injuries. J Bone Joint Surg Am.
2012:94(15):1386-90.

Davidovitch RI, Weil Y, Karia R, Forman J, Looze C, Liebergall M, et al. Intraoperative syn-
desmotic reduction: three-dimensional versus standard fluoroscopic imaging. J Bone Joint
Surg Am. 2013;95(20):1838—43.

Moon SW, Kim JW. Usefulness of intraoperative three-dimensional imaging in fracture sur-
gery: a prospective study. J Orthop Sci. 2014;19(1):125-31.

Vetter SY, Euler J, Beisemann N, Swartman B, Keil H, Griitzner PA, et al. Validation of radio-
logical reduction criteria with intraoperative cone beam CT in unstable syndesmotic injuries.
Eur J Trauma Emerg Surg. 2021;47(4):897-903.

Lundberg A. Kinematics of the ankle and foot. In vivo roentgen stereophotogrammetry. Acta
Orthop Scand Suppl. 1989;233:1-24.

Wang C, Yang J, Wang S, Ma X, Wang X, Huang J, et al. Three-dimensional motions of distal
syndesmosis during walking. J Orthop Surg Res. 2015;10:166.

Lepojérvi S, Niiniméki J, Pakarinen H, Leskeld H-V. Rotational dynamics of the Normal
distal Tibiofibular joint with weight-bearing computed tomography. Foot Ankle Int.
2016:37(6):627-35.

Richter M, Seidl B, Zech S, Hahn S. PedCAT for 3D-imaging in standing position allows for
more accurate bone position (angle) measurement than radiographs or CT. Foot Ankle Surg.
2014;20(3):201-7.

Shakoor D, Osgood GM, Brehler M, Zbijewski WB, de Cesar NC, Shafiq B, et al. Cone-beam
CT measurements of distal tibio-fibular syndesmosis in asymptomatic uninjured ankles: does
weight-bearing matter? Skelet Radiol. 2019;48(4):583-94.

Krihenbiihl N, Bailey TL, Weinberg MW, Davidson NP, Hintermann B, Presson AP, et al. Is
load application necessary when using computed tomography scans to diagnose syndesmotic
injuries? A cadaver study. Foot Ankle Surg. 2020;26(2):198-204.

Malhotra K, Welck M, Cullen N, Singh D, Goldberg AJ. The effects of weight bearing on
the distal tibiofibular syndesmosis: a study comparing weight bearing-CT with conventional
CT. Foot Ankle Surg. 2019;25(4):511-6.

Osgood GM, Shakoor D, Orapin J, Qin J, Khodarahmi I, Thawait GK, et al. Reliability of
distal tibio-fibular syndesmotic instability measurements using weightbearing and non-
weightbearing cone-beam CT. Foot Ankle Surg. 2019;25(6):771-81.

Krihenbiihl N, Bailey TL, Presson AP, Allen CM, Henninger HB, Saltzman CL, et al. Torque
application helps to diagnose incomplete syndesmotic injuries using weight-bearing com-
puted tomography images. Skelet Radiol. 2019:48(9):1367-76.

Krihenbiihl N, Bailey TL, Weinberg MW, Davidson NP, Hintermann B, Presson AP, et al.
Impact of torque on assessment of syndesmotic injuries using weightbearing computed
tomography scans. Foot Ankle Int. 2019;40(6):710-9.

Burssens A, Vermue H, Barg A, Krihenbiihl N, Victor J, Buedts K. Templating of syndes-
motic ankle lesions by use of 3D analysis in weightbearing and nonweightbearing CT. Foot
Ankle Int. 2018;39(12):1487-96.

Patel S, Malhotra K, Cullen NP, Singh D, Goldberg AJ, Welck MJ. Defining reference val-
ues for the normal tibiofibular syndesmosis in adults using weight-bearing CT. Bone Joint
J.2019;101-B(3):348-52.

Dikos GD, Heisler J, Choplin RH, Weber TG. Normal tibiofibular relationships at the syndes-
mosis on axial CT imaging. J Orthop Trauma. 2012;26(7):433-8.

Hagemeijer NC, Chang SH, Abdelaziz ME, Casey JC, Waryasz GR, Guss D, et al. Range of
normal and abnormal syndesmotic measurements using weightbearing CT. Foot Ankle Int.
2019;40(12):1430-7.

Lintz F, de Cesar NC, Barg A, Burssens A, Richter M. Weight-bearing cone beam CT scans
in the foot and ankle. EFORT Open Rev. 2018;3(5):278-86.

Lintz F, Welck M, Bernasconi A, Thornton J, Cullen NP, Singh D, et al. 3D biometrics for
hindfoot alignment using weightbearing CT. Foot Ankle Int. 2017;38(6):684-9.



260

F.Lintz et al.

69

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

. Abdelaziz ME, Hagemeijer N, Guss D, El-Hawary A, El-Mowafi H, DiGiovanni
CW. Evaluation of syndesmosis reduction on CT scan. Foot Ankle Int. 2019;40(9):1087-93.
Bhimani R, Ashkani-Esfahani S, Lubberts B, Guss D, Hagemeijer NC, Waryasz G, et al.
Utility of volumetric measurement via weight-bearing computed tomography scan to diag-
nose syndesmotic instability. Foot Ankle Int. 2020;41(7):859-65.

Del Rio A, Bewsher SM, Roshan-Zamir S, Tate J, Eden M, Gotmaker R, et al. Weightbearing
cone-beam computed tomography of acute ankle syndesmosis injuries. J Foot Ankle Surg.
2020;59(2):258-63.

Lintz F, Jepsen M, De Cesar NC, Bernasconi A, Ruiz M, Siegler S. Distance mapping of the
foot and ankle joints using weightbearing CT: the cavovarus configuration. Foot Ankle Surg.
2021;27(4):412-20.

Sikka RS, Fetzer GB, Sugarman E, Wright RW, Fritts H, Boyd JL, et al. Correlating MRI find-
ings with disability in syndesmotic sprains of NFL players. Foot Ankle Int. 2012;33(5):371-8.
Vogl TJ, Hochmuth K, Diebold T, Lubrich J, Hofmann R, Stockle U, et al. Magnetic res-
onance imaging in the diagnosis of acute injured distal tibiofibular syndesmosis. Investig
Radiol. 1997;32(7):401-9.

Takao M, Ochi M, Oae K, Naito K, Uchio Y. Diagnosis of a tear of the tibiofibular syndesmo-
sis. The role of arthroscopy of the ankle. J Bone Joint Surg Br. 2003;85(3):324-9.

Oae K, Takao M, Naito K, Uchio Y, Kono T, Ishida J, et al. Injury of the tibiofibular syndes-
mosis: value of MR imaging for diagnosis. Radiology. 2003;227(1):155-61.

Han SH, Lee JW, Kim S, Suh J-S, Choi YR. Chronic tibiofibular syndesmosis injury: the
diagnostic efficiency of magnetic resonance imaging and comparative analysis of operative
treatment. Foot Ankle Int. 2007;28(3):336-42.

Clanton TO, Ho CP, Williams BT, Surowiec RK, Gatlin CC, Haytmanek CT, et al.
Magnetic resonance imaging characterization of individual ankle syndesmosis structures
in asymptomatic and surgically treated cohorts. Knee Surg Sports Traumatol Arthrosc.
2016;24(7):2089-102.

Nielson JH, Gardner MJ, Peterson MGE, Sallis JG, Potter HG, Helfet DL, et al. Radiographic
measurements do not predict syndesmotic injury in ankle fractures: an MRI study. Clin
Orthop Relat Res. 2005;436:216-21.

Gardner MJ, Demetrakopoulos D, Briggs SM, Helfet DL, Lorich DG. The ability of the
Lauge-Hansen classification to predict ligament injury and mechanism in ankle fractures: an
MRI study. J Orthop Trauma. 2006;20(4):267-72.

Brown KW, Morrison WB, Schweitzer ME, Parellada JA, Nothnagel H. MRI findings asso-
ciated with distal tibiofibular syndesmosis injury. AJR Am J Roentgenol. 2004;182(1):
131-6.

Campbell SE, Warner M. MR imaging of ankle inversion injuries. Magn Reson Imaging Clin
N Am. 2008;16(1):1-18. v

Perrich KD, Goodwin DW, Hecht PJ, Cheung Y. Ankle ligaments on MRI: appearance of
normal and injured ligaments. AJR Am J Roentgenol. 2009;193(3):687-95.

Hermans JJ, Ginai AZ, Wentink N, Hop WCJ, Beumer A. The additional value of an oblique
image plane for MRI of the anterior and posterior distal tibiofibular syndesmosis. Skelet
Radiol. 2011;40(1):75-83.

Milz P, Milz S, Steinborn M, Mittlmeier T, Putz R, Reiser M. Lateral ankle ligaments and
tibiofibular syndesmosis. 13-MHz high-frequency sonography and MRI compared in 20
patients. Acta Orthop Scand. 1998;69(1):51-5.

Krihenbiihl N, Weinberg MW, Davidson NP, Mills MK, Hintermann B, Saltzman CL,
et al. Imaging in syndesmotic injury: a systematic literature review. Skelet Radiol.
2018;47(5):631-48.

Oae K, Takao M, Uchio Y, Ochi M. Evaluation of anterior talofibular ligament injury with
stress radiography, ultrasonography and MR imaging. Skelet Radiol. 2010;39(1):41-7.

Lee KT, Park YU, Jegal H, Park JW, Choi JP, Kim JS. New method of diagnosis for chronic
ankle instability: comparison of manual anterior drawer test, stress radiography and stress
ultrasound. Knee Surg Sports Traumatol Arthrosc. 2014;22(7):1701-7.



Syndesmotic Injuries 261

89.

90.

9

—_

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

De Maeseneer M, Marcelis S, Jager T, Shahabpour M, Van Roy P, Weaver J, et al. Sonography
of the normal ankle: a target approach using skeletal reference points. Am J Roentgenol.
2009;192(2):487-95.

Doring S, Provyn S, Marcelis S, Shahabpour M, Boulet C, de Mey J, et al. Ankle and midfoot
ligaments: ultrasound with anatomical correlation: a review. Eur J Radiol. 2018;107:216-26.

. Alves T, Dong Q, Jacobson J, Yablon C, Gandikota G. Normal and injured ankle ligaments

on ultrasonography with magnetic resonance imaging correlation: normal and injured ankle
ligaments. J Ultrasound Med. 2019;38(2):513-28.

Durkee NJ, Jacobson JA, Jamadar DA, Femino JE, Karunakar MA, Hayes CW. Sonographic
evaluation of lower extremity interosseous membrane injuries: retrospective review in 3
patients. J Ultrasound Med. 2003;22(12):1369-75.

Stella SM, Ciampi B, Del Chiaro A, Vallone G, Miccoli M, Gulisano M, et al. Sonographic
visibility of the main posterior ankle ligaments and para-ligamentous structures in 15 healthy
subjects. J Ultrasound. 2021;24(1):23-33.

Becciolini M, Bonacchi G, Stella SM, Galletti S, Ricci V. High ankle sprain: sono-
graphic demonstration of a posterior inferior tibiofibular ligament avulsion. J Ultrasound.
2020;23(3):431-3.

Warner SJ, Garner MR, Schottel PC, Hinds RM, Loftus ML, Lorich DG. Analysis of PITFL
injuries in rotationally unstable ankle fractures. Foot Ankle Int. 2015;36(4):377-82.

Randell M, Marsland D, Ballard E, Forster B, Lutz M. MRI for high ankle sprains with an
unstable syndesmosis: posterior malleolus bone oedema is common and time to scan matters.
Knee Surg Sports Traumatol Arthrosc. 2019;27(9):2890-7.

Crim J, Longenecker LG. MRI and surgical findings in deltoid ligament tears. Am J
Roentgenol. 2015;204(1):W63-9.

Chun K-Y, Choi YS, Lee SH, Kim JS, Young KW, Jeong M-S, et al. Deltoid ligament and
tibiofibular syndesmosis injury in chronic lateral ankle instability: magnetic resonance imag-
ing evaluation at 3T and comparison with arthroscopy. Korean J Radiol. 2015;16(5):1096.
Jeong MS, Choi YS, Kim YJ, Kim JS, Young KW, Jung YY. Deltoid ligament in acute ankle
injury: MR imaging analysis. Skelet Radiol. 2014;43(5):655-63.

Mei-Dan O, Kots E, Barchilon V, Massarwe S, Nyska M, Mann G. A dynamic ultrasound
examination for the diagnosis of ankle syndesmotic injury in professional athletes: a prelimi-
nary study. Am J Sports Med. 2009;37(5):1009-16.

Mei-Dan O, Carmont M, Laver L, Nyska M, Kammar H, Mann G, et al. Standardization of
the functional syndesmosis widening by dynamic U.S examination. BMC Sports Sci Med
Rehabil. 2013;5(1):9.

van Niekerk C, van Dyk B. Dynamic ultrasound evaluation of the syndesmosis ligamentous
complex and clear space in acute ankle injury, compared to magnetic resonance imaging and
surgical findings. S Afr J Radiol. 2017;21(1):8.

Anand PA. Syndesmotic stability: is there a radiological normal?—a systematic review. Foot
Ankle Surg. 2018;24(3):174-84.

Cha SW, Bae KJ, Chai JW, Park J, Choi Y-H, Kim DH. Reliable measurements of physi-
ologic ankle syndesmosis widening using dynamic 3D ultrasonography: a preliminary study.
Ultrasonography. 2019;38(3):236-45.

Clanton TO, Williams BT, Backus JD, Dornan GJ, Liechti DJ, Whitlow SR, et al.
Biomechanical analysis of the individual ligament contributions to syndesmotic stability.
Foot Ankle Int. 2017;38(1):66-75.

Colville MR, Marder RA, Boyle JJ, Zarins B. Strain measurement in lateral ankle ligaments.
Am J Sports Med. 1990;18(2):196-200.

Xu D, Wang Y, Jiang C, Fu M, Li S, Qian L, et al. Strain distribution in the anterior inferior
tibiofibular ligament, posterior inferior tibiofibular ligament, and interosseous membrane
using digital image correlation. Foot Ankle Int. 2018;39(5):618-28.

Shimozono Y, Hurley ET, Myerson CL, Murawski CD, Kennedy JG. Suture button versus
syndesmotic screw for syndesmosis injuries: a meta-analysis of randomized controlled trials.
Am J Sports Med. 2019;47(11):2764-71.



262

F.Lintz et al.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

McKenzie AC, Hesselholt KE, Larsen MS, Schmal H. A systematic review and meta-analysis
on treatment of ankle fractures with syndesmotic rupture: suture-button fixation versus corti-
cal screw fixation. J Foot Ankle Surg. 2019;58(5):946-53.

Xie L, Xie H, Wang J, Chen C, Zhang C, Chen H, et al. Comparison of suture button fixation
and syndesmotic screw fixation in the treatment of distal tibiofibular syndesmosis injury: a
systematic review and meta-analysis. Int J Surg. 2018;60:120-31.

Chen B, Chen C, Yang Z, Huang P, Dong H, Zeng Z. To compare the efficacy between fixa-
tion with tightrope and screw in the treatment of syndesmotic injuries: a meta-analysis. Foot
Ankle Surg. 2019;25(1):63-70.

Fan X, Zheng P, Zhang Y-Y, Hou Z-T. Dynamic fixation versus static fixation in treatment
effectiveness and safety for distal tibiofibular syndesmosis injuries: a systematic review and
meta-analysis. Orthop Surg. 2019;11(6):923-31.

Onggo JR, Nambiar M, Phan K, Hickey B, Ambikaipalan A, Hau R, et al. Suture button
versus syndesmosis screw constructs for acute ankle diastasis injuries: a meta-analysis and
systematic review of randomised controlled trials. Foot Ankle Surg. 2020;26(1):54—60.
de-Las-Heras Romero J, AML A, Sanchez FM, Garcia AP, Porcel PAG, Sarabia RV, et al.
Management of syndesmotic injuries of the ankle. EFORT Open Rev. 2017;2(9):403-9.

van den Bekerom MP, de Leeuw PA, van Dijk CN. Delayed operative treatment of syndes-
motic instability. Current concepts review. Injury. 2009;40(11):1137-42.

Press CM, Gupta A, Hutchinson MR. Management of ankle syndesmosis injuries in the ath-
lete. Curr Sports Med Rep. 2009;8(5):228-33.

Williams GN, Jones MH, Amendola A. Syndesmotic ankle sprains in athletes. Am J Sports
Med. 2007;35(7):1197-207.

Brosky T, Nyland J, Nitz A, Caborn DN. The ankle ligaments: consideration of syndesmotic
injury and implications for rehabilitation. J Orthop Sports Phys Ther. 1995;21(4):197-205.
Gerber JP, Williams GN, Scoville CR, Arciero RA, Taylor DC. Persistent disability associ-
ated with ankle sprains: a prospective examination of an athletic population. Foot Ankle Int.
1998;19(10):653-60.

Nussbaum ED, Hosea TM, Sieler SD, Incremona BR, Kessler DE. Prospective evaluation of
syndesmotic ankle sprains without diastasis. Am J Sports Med. 2001;29(1):31-5.

Yu GS, Lin YB, Xiong GS, Xu HB, Liu YY. Diagnosis and treatment of ankle syndesmosis
injuries with associated interosseous membrane injury: a current concept review. Int Orthop.
2019;43(11):2539-47.

Liu G, Chen L, Gong M, Xing F, Xiang Z. Clinical evidence for treatment of distal tib-
iofibular syndesmosis injury: a systematic review of clinical studies. J Foot Ankle Surg.
2019:58(6):1245-50.

Akoh CC, Phisitkul P. Anatomic ligament repairs of syndesmotic injuries. Orthop Clin North
Am. 2019;50(3):401-14.

Wu ZP, Chen PT, He JS, Wang JC. Classification and treatment of syndesmotic injury.
Zhongguo Gu Shang. 2018;31(2):190-4.

Swords M, BrilhaultJ, Sands A. Acute and chronic syndesmotic injury: the authors’ approach
to treatment. Foot Ankle Clin. 2018;23(4):625-37.

Fort NM, Aiyer AA, Kaplan JR, Smyth NA, Kadakia AR. Management of acute injuries of
the tibiofibular syndesmosis. Eur J Orthop Surg Traumatol. 2017;27(4):449-59.

Hunt K, Phisitkul P, Pirolo J, Amendola A. High ankle sprains and syndesmotic injuries in
athletes. J Am Acad Orthop Surg. 2015;23(11):661-73.

Porter DA, Jaggers RR, Barnes AF, Rund AM. Optimal management of ankle syndesmosis
injuries. Open Access J Sports Med. 2014;5:173-82.

Miller TL, Skalak T. Evaluation and treatment recommendations for acute injuries to the
ankle syndesmosis without associated fracture. Sports Med. 2014;44(2):179-88.

Magan A, Golano P, Maffulli N, Khanduja V. Evaluation and management of injuries of the
tibiofibular syndesmosis. Br Med Bull. 2014;111(1):101-15.



Syndesmotic Injuries 263

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.
151.

152.

Lin CF, Gross ML, Weinhold P. Ankle syndesmosis injuries: anatomy, biomechanics, mecha-
nism of injury, and clinical guidelines for diagnosis and intervention. J Orthop Sports Phys
Ther. 2006;36(6):372-84.

Espinosa N, Smerek JP, Myerson MS. Acute and chronic syndesmosis injuries: pathomecha-
nisms, diagnosis and management. Foot Ankle Clin. 2006;11(3):639-57.

Amendola A, Williams G, Foster D. Evidence-based approach to treatment of acute traumatic
syndesmosis (high ankle) sprains. Sports Med Arthrosc Rev. 2006;14(4):232-6.

Amendola A. Controversies in diagnosis and management of syndesmosis injuries of the
ankle. Foot Ankle. 1992;13(1):44-50.

Zhang P, Liang Y, He J, Fang Y, Chen P, Wang J. A systematic review of suture-button
versus syndesmotic screw in the treatment of distal tibiofibular syndesmosis injury. BMC
Musculoskelet Disord. 2017;18(1):286.

Clanton TO, Whitlow SR, Williams BT, Liechti DJ, Backus JD, Dornan GJ, et al.
Biomechanical comparison of 3 current ankle syndesmosis repair techniques. Foot Ankle Int.
2017;38(2):200-7.

LaMothe JM, Baxter JR, Murphy C, Gilbert S, DeSandis B, Drakos MC. Three-dimensional
analysis of fibular motion after fixation of syndesmotic injuries with a screw or suture-button
construct. Foot Ankle Int. 2016;37(12):1350-6.

Schepers T. Acute distal tibiofibular syndesmosis injury: a systematic review of suture-button
versus syndesmotic screw repair. Int Orthop. 2012;36(6):1199-206.

Zhan Y, Yan X, Xia R, Cheng T, Luo C. Anterior-inferior tibiofibular ligament anatomical
repair and augmentation versus trans-syndesmosis screw fixation for the syndesmotic insta-
bility in external-rotation type ankle fracture with posterior malleolus involvement: a pro-
spective and comparative study. Injury. 2016;47(7):1574-80.

Ramsey PL, Hamilton W. Changes in tibiotalar area of contact caused by lateral talar shift. J
Bone Joint Surg Am. 1976;58(3):356-7.

Lubberts B, Guss D, Vopat BG, Johnson AH, van Dijk CN, Lee H, et al. The arthroscopic syn-
desmotic assessment tool can differentiate between stable and unstable ankle syndesmoses.
Knee Surg Sports Traumatol Arthrosc. 2020;28(1):193-201.

Grambart ST, Prusa RD, Ternent KM. Revision of the chronic syndesmotic injury. Clin
Podiatr Med Surg. 2020;37(3):577-92.

Vild-Rico J, Sanchez-Morata E, Vacas-Sanchez E, Ojeda-Thies C. Anatomical arthroscopic
graft reconstruction of the anterior tibiofibular ligament for chronic disruption of the distal
syndesmosis. Arthrosc Tech. 2018;7(2):e165-9.

Morris MW, Rice P, Schneider TE. Distal tibiofibular syndesmosis reconstruction using a free
hamstring autograft. Foot Ankle Int. 2009;30(6):506-11.

Lui TH. Tri-ligamentous reconstruction of the distal tibiofibular syndesmosis: a minimally
invasive approach. J Foot Ankle Surg. 2010;49(5):495-500.

Grass R, Rammelt S, Biewener A, Zwipp H. Peroneus longus ligamentoplasty for chronic
instability of the distal tibiofibular syndesmosis. Foot Ankle Int. 2003;24(5):392-7.

Che J, Li C, Gao Z, Qi W, Ji B, Liu Y, et al. Novel anatomical reconstruction of distal tibio-
fibular ligaments restores syndesmotic biomechanics. Knee Surg Sports Traumatol Arthrosc.
2017;25(6):1866-72.

Yasui Y, Takao M, Miyamoto W, Innami K, Matsushita T. Anatomical reconstruction of the
anterior inferior tibiofibular ligament for chronic disruption of the distal tibiofibular syndes-
mosis. Knee Surg Sports Traumatol Arthrosc. 2011;19(4):691-5.

Katznelson A, Lin E, Militiano J. Ruptures of the ligaments about the tibio-fibular syndesmo-
sis. Injury. 1983;15(3):170-2.

Peiia FA, Coetzee JC. Ankle syndesmosis injuries. Foot Ankle Clin. 2006;11(1):35-50. viii
Albers GH, de Kort AF, Middendorf PR, van Dijk CN. Distal tibiofibular synostosis after
ankle fracture. A 14-year follow-up study. J Bone Joint Surg Br. 1996;78(2):250-2.

Sagi HC, Shah AR, Sanders RW. The functional consequence of syndesmotic joint malreduc-
tion at a minimum 2-year follow-up. J Orthop Trauma. 2012;26(7):439-43.



®

Check for
updates

Achilles Tendon Injuries 1 2

J. Randy Clements

Anatomy

The Achilles tendon is the tendinous convergence of the gastrocnemius-soleus mus-
cular complex. It is the largest tendon in the human body [1] and a main contributor
to propulsive force during walking, jumping, and running through a concentric con-
traction. Forces have been approximated to transmit up to almost 10 times the body
weight through the Achilles tendon with running [2—4]. Due to these high forces and
unique anatomy, traumatic, inflammatory, and degenerative disorders may result.

The Achilles tendon crosses both the ankle and subtalar joints inserting into the
posterior calcaneus. Just before its insertion, the fibers of the Achilles tendon turn
with the medial tendinous fibers inserting posteriorly with the contribution of the
soleus portion being inserting medially and the contribution of the gastrocnemius
muscle inserting laterally. Between the calcaneus and the Achilles tendon is the
location of the retrocalcaneal bursa.

The Achilles tendon does not have a true synovial sheath, but rather a layer of
paratenon. This paratenon is a single layer of cells composed of vascularized areolar
tissue that is responsible for a significant portion of the blood supply to the Achilles
tendon. Additionally, the tendon receives blood supply from the posterior tibial and
peroneal arteries, proximally from the muscle belly, and distally from the calcaneus.
Studies have shown a hypovascular area 2 to 6 cm proximal to the insertion on the
calcaneus that is considered a watershed zone that is prone to injury and impaired
healing [5].
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Paratenonitis

Paratenonitis is an overuse injury commonly seen in athletes, particularly distance
runners, who may have increased or changed their training regimen. On physical
examination, swelling and tenderness along the course of the inflamed paratenon
can be appreciated. The tenderness and thickness will remain fixed with ankle
motion in isolated paratenonitis [6].

Diagnosis of paratenonitis is made clinically; however, MRI or US can help
facilitate diagnosis and will show thickening of the paratenon. The capillary prolif-
eration and inflammatory cells can be seen within the tendinous tissue histologi-
cally. Myofibroblasts in the paratendinous tissue synthesize collagen in response to
stress. This may lead to constriction of the paratenon and reduction of the blood
supply to the Achilles tendon [7].

Non-insertional Achilles Tendinosis

Achilles tendinopathy is degeneration of the Achilles tendon often associated with
pain, swelling, and stiffness. It can be categorized into non-insertional Achilles ten-
dinosis (NIAT) and insertional Achilles tendinosis (IAT).

On physical exam, patients with NIAT will demonstrate thickening of the tendon
itself typically proximal to the tendon insertion in the watershed region. Tendinosis
can occur as a painless thickening of the Achilles tendon. In symptomatic patients
squeezing the thickening area of the tendon may incite pain. Mucoid, myxomatous,
and fibrinoid degeneration has been reported pathologically [8—10]. Imaging includ-
ing radiograph, MRI, or ultrasound can be used to help facilitate diagnosis in deter-
mining the type or extent of tendon involved and possible intratendinous
calcifications [11].

Insertional Achilles Tendinosis

Insertional Achilles tendinosis (IAT) issues occur at the Achilles attachment site on
the posterior aspect of the calcaneus. Degeneration of the tendon and varying
degrees of calcification at the insertion site are present. Intrinsic predisposing fac-
tors include high BMI, diabetes, seronegative diseases, hypertension, quinolone
antibiotics, and lipidemia [11-16]. Ankle equinus shortens the heel cord causing
increased Achilles tension. Patients with cavus foot type are prone due to decreased
shock absorption and having to work harder to achieve adequate dorsiflexion. Pes
planus cause overpronation resulting in altered biomechanics causing micro-tears
and tendinopathic changes [17-23].

On examination, both soft tissue and an osseous enlargement may be present just
proximal to the Achilles tendon insertional site as coexisting Haglund deformity is
often present [24]. Symptoms may include post-static dyskinesia. Periods of pro-
longed standing, walking, or running may also produce pain.
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Lateral radiographs of the ankle often reveal an associated posterior enthesio-
phyte from the tendon insertion site. Intratendinous calcification may also be appre-
ciated. MRI can further facilitate the investigation of tears to the tendon. Nicholson
et al. created an MRI classification based on degenerative changes in patients with
insertional Achilles tendinopathy to predict success rates of conservative therapy
finding that tendons with greater intrasubstance degeneration on sagittal MRI, spe-
cifically grades two and three in this classification, failed conservative therapy and
required operative intervention [25]. Although advanced imaging is helpful in oper-
ative planning, it is not completely necessary as one can rely on the clinical exam
and intraoperative assessment for the appropriate diagnosis and treatment.

Achilles Tendon Trauma

Historically, Paré in 1541 is credited with recognizing an Achilles tendon rupture as
a medical condition [26], although his analysis was not recorded in literature until
1633. In the 1920s Abrahamsen and Qeunu [27] advocated surgical repair of the
Achilles tendon; therefore, surgical intervention for Achilles tendon ruptures began
to be popularized in that decade. Traditionally, surgical repair has been advocated
on the basis that it provides for greater strength, endurance, and power with less
likelihood of rerupture as compared with nonsurgical management [28-33].

Ruptures of the Achilles tendon often occur in the fourth to fifth decades of life.
Males hold a stronger predilection versus females [34]. Injury is often associated
with those who live a sedimentary lifestyle but decide to partake in spontaneous
athletic activity. Some people refer to such individuals as “weekend warriors.”
Oftentimes Achilles tendon injuries are associated with an abrupt onset of pain
accompanied with an audible “snapping” or “popping” sound. Recent literature
suggests that the rate of Achilles tendon ruptures is somewhere in the range of 18
patients per 100,000 patient population annually [35-37]. It is thought roughly a
million athletes suffer from acute Achilles tendon ruptures, with an incidence rang-
ing from 6% to 18% each year. Football players are the least likely to suffer from
acute Achilles tendon ruptures while compared to higher-risk athletes like gymnasts
and tennis players. The most prominent location for Achilles tendon ruptures is
circa 2—6 cm from the tendon’s insertion into the calcaneus. This is due to the fact
that the fibers of the Achilles tendon rotate from medial to lateral in a spiral fashion,
with the greatest rotational twist located 2-6 cm from the insertion. Additionally,
this particular 2-6 cm region is deemed a zone of hypovascularity, as first described
by Lagergren and Lindholm in 1958 [38]. This hypovascular area is widely referred
to as a “watershed area.”

There are two common theories of Achilles tendon ruptures, the first of which is
the mechanical stress theory as described by Inglis and Sculco [39]. They described
the malfunction of the inhibitory mechanism within the muscle spindle fibers, which
they postulated prevents excessive tension of the Achilles tendon by monitoring
forces during sudden muscle overload. Over time this theory has been dismissed as
not credible. Furthermore, there are three accepted types of indirect trauma that are
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believed to cause Achilles tendon ruptures. The mechanisms of indirect trauma were
described by Arner and Windholm [40], which are direct push off from a height-
bearing forefoot and an extended knee, sudden dorsiflexion of the ankle such as slip-
ping on a stair or ladder, and violent dorsiflexion of a plantarflexed foot that results
from jumping or falling from a height and landing with the foot plantarflexed.

Additionally, degenerative theory describes a hypovascular tendon that is
exposed to repeated trauma which results in local degenerative changes within the
midsubstance of the tendon. According to this theory, the ultimate weakened state
of the tendon predisposes it to rupture after an excessive load is applied [41, 42].

There are additional external factors that some believe contribute to Achilles
tendon rupture. These include systemic and local steroids, blood type, genetics,
renal insufficiency, arteriosclerosis, hyperlipidemia, gout, hypothyroidism, rheuma-
toid arthritis, and fluoroquinolones. When dealing with Achilles tendon ruptures, it
is important to take into consideration systemic and external factors that might
influence the chosen approach to treatment [43—49].

Clinical Presentation

Patients will often present with complaints of weakness of the ankle and oftentimes
endorse direct trauma to the Achilles tendon. The injury is often only painful during
the occurrence of the rupture itself. Additionally, most people do not complain of
pain when presenting to the office. The gait pattern is often described as abducted
and antalgic.

Clinical Examination

Achilles tendon ruptures are misdiagnosed as an ankle sprain in 20-25% of patients.
Upon initial examination there often will be a visually demonstrable deficit known as
the hatchet strike defect. This has been described as a physical dell in the posterior
ankle compartment when compared to the contralateral side. The Thompson test is
performed by placing the patient prone and flexing the leg. With the leg flexed, per-
form side-to-side compression of the calf; if the tendon is ruptured, there will be no
plantarflexion visualized. If no motion is noted, the test is positive. In some cases,
there can be false-negative exams. This is seen when the plantaris tendon is intact,
resulting in residual plantarflexion. The resulting plantarflexion exam is performed
when the patient is prone, and the knee and leg are flexed at 90°. If the Achilles ten-
don is ruptured, the foot will be visualized resting at 90° or less. The non-affected
foot will be slightly plantarflexed. The needle exam is another way to assess if the
Achilles tendon is intact. This is accomplished by having the patient prone and plac-
ing a needle in the calf muscle belly above the perceived rupture site. With the needle
in the place, the plantarflexion of the foot is performed. If the Achilles tendon is
intact, the needle will move upon plantarflexion of the foot. If the Achilles tendon is
reruptured, the needle will not move upon plantarflexion of the foot [S0-52].



12 Achilles Tendon Injuries 269

Diagnostic Imaging

Whether to conduct diagnostic imaging is the physician’s choice. Advanced imag-
ing can be used to assess a rupture or deficit noted between the ruptured ends. If
clinical examination provides definitive proof of rupture, then advanced imaging is
not indicated. With a delay in treatment, advanced imaging can be more useful for
assessed retraction and deficit in the tendon that needs to be repaired. Radiographs
are not indicated unless there is a suspicion of tongue-type fracture of the posterior
calcaneus.

MRI

MRI is useful to assess the amount of deficit created from the rupture, especially if
the clinical exam is nondefinitive. This imaging modality can be used to determine
if there is a complete or partial rupture. Sometimes a false-negative exam can occur
with MRI. This is due to the fact that after rupturing the tendon lays down into its
anatomic position which can give the appearance of partial tear when it is actually
fully ruptured. For chronic ruptures, MRI is useful in assessing the deficit in plan-
ning surgically.

Ultrasound

Ultrasound has been used successfully to assess acute and chronic injuries, although
it can give false-negative results with acute injuries due to hematoma filling the defi-
cit. Astrom compared ultrasound and MRI when assessing chronic Achilles tendi-
nopathy with regard to the nature and severity of the deformity. His results showed
that MRI was 98% accurate, with ultrasound at 85% [53].

Treatment of Acute Ruptures
Nonoperative care is utilized for patients who are not good surgical candidates. This

includes patients who are immunocompromised, low demand elderly, vascular
compromised, and noncompliant [54-57].

Surgical Evaluation and Treatment

The ideal repair time for an acute Achilles rupture is 7-14 days after initial
injury due to the fact that the greatest amount of vascularity to the region occurs
at that time. This is also consistent with the principles of wound healing. After
7-14 days, the injury is no longer in the inflammatory stage of healing, and
vascularity to the area decreases. Surgical repair during the first 7-10 days is
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also more difficult due to fraying and mop ending of the tendon stumps. After
the first 14 days, tendon remodeling allows for easier end-to-end repair.
Surgical repair becomes the most challenging when it enters the remodeling
phase of healing due to the fact that the tendon becomes avascular. When a
rupture becomes chronic, advancement techniques or tendon transfers should
be utilized [58]. Although it is easier to repair tendons once they have consoli-
dated, optimal vascularity is seen between 7 and 14 days when the tendon is in
the inflammatory stage of healing [59].

Surgical Techniques

There exists a host of techniques utilized for Achilles tendon repairs; furthermore,
these surgical techniques can be broadly categorized into open, mini-open, and per-
cutaneous repair [60]. The foundation of all techniques involves end-to-end opposi-
tion; many consist of the approximation of the Achilles tendon ruptured ends with
supplementary augmentation by the plantaris, flexor hallucis longus, or gastrocso-
leus aponeurosis.

Open Repair

Traditionally, the three main suture techniques that have been utilized for the end-
to-end open Achilles tendon repair include the Bunnell, Kessler, and Krakow. There
are modifications to the aforementioned methods to allow for a four-strand repair
and strong construct. The Krakow is described as the strongest of the three tech-
niques because it utilizes a four-strand repair, whereas the Bunnell and Kessler are
historically two-strand repairs.

Incisional approaches include posterior midline, posterior medial, and posterior-
lateral incisions. Among those stated above, the posteromedial approach is the most
frequently used due to hypervascularity on the medial side of the Achilles tendon,
as determined from the use of angiography [61]. Once an approach has been chosen,
the surgeon should start by making the skin incision. It is also important to remem-
ber that care should always be taken to avoid damaging the sural nerve and the
saphenous vein which lies in the sura lateral to the Achilles tendon. Following skin
incision, dissection is taken through the subcutaneous tissue down to the peritendi-
nous tissue. The epitenon is then split longitudinally and tagged. The epitenon
should always be preserved even if it is disrupted, as this facilitates healing and
helps to avoid scar adhesions postsurgery. After the peritenon is divided, the “mop
ends” of the tendon can be prudently resected. Once debridement is completed, a
Krakow-Kessler suture technique is implemented to reapproximate the tendon ends.
A nonabsorbable suture, e.g., ethibond, fiber wire, and suture tape, should be uti-
lized. Firstly, the suture should be passed in and through the proximal stump exist-
ing superficially. The suture then reenters superficially and is locked in a Krakow
~6-row pattern. The sutures are then passed through the opposing side of the tendon
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and stitched in the direction of the ruptured end. The same process is completed at
the distal end with the two ends approximated and subsequently tied with the foot
held at 5-10 degrees of plantarflexion. This technique is used for tendon defects
ranging from 2 to 5 cm. To facilitate healing of the paratenon upon wound closure,
a flexor hallucis longus fasciotomy can be performed prior to tendon closure. The
tendon can also be covered with an autogenous or synthetic tendon graft prior to
closure as well. Preferably, this technique is utilized for larger deficits, typically
with defects greater than 6 cm. Regardless of the operative approach or technique,
care should be taken to restore the proper length of the Achilles tendon while avoid-
ing excessive elongation. If the plantaris is absent, the range of dorsiflexion on the
contralateral side can be measured for reference.

Percutaneous Procedure

Literature shows that percutaneous repair with a small incision results in lower
wound complication rates and has better cosmesis when compared with open
repair. The mini-open repair technique has been proposed to minimize complica-
tions typically associated with the percutaneous procedure, e.g., sural nerve
injury. This technique is accomplished with a small linear incision that is made
over the deficit approximately 1 cm proximal to the distal end of the defect. Care
should be taken to avoid injuring the sural nerve. The paratenon is opened and the
ruptured ends are grasped with a clamping device. While grasping the proximal
stump, a malleable retractor is used to free up the proximal Achilles tendon. The
separation of the Achilles tendon from the surrounding paratenon is important for
the placement of a percutaneous jig. A locking double-locked suture repair is
made within the ruptured site proximally. The instrumentation of a percutaneous
jig placement is achieved by advancing the device between the tendon and
paratenon. The device is generally designed to have three sutures shuttled through
atwo-armed jig on either side of the Achilles tendon. This process is then repeated
on the distal rupture stump with the addition of two small stab incisions that are
made over the calcaneus just proximal to the Achilles insertion. A drill is used
through the previous stab incisions to make holes at an angle toward the midline
of the calcaneus. The holes are used to anchor the Achilles tendon to the calcaneus
via suture material. The device and the suture are pulled out for apposition of the
ruptured tendon ends, and the sutures are tied with the ankle in a plantarflexed
position [60].

Complications

Complications of operative treatment of acute Achilles tendon rupture include sural
nerve injury, infection, rerupture, deep vein thrombosis, and hypertrophic scars.
Therefore, operative treatment may not be appropriate for low-demand patients,
those with diabetes mellitus, or those with peripheral vascular disease. The most
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serious complication of open repair is infection. Infection and wound problems
mostly occur after surgery with an incidence of 12.5%. Wound healing complica-
tions are overall a 5% to 10% risk following surgery. Some of the common risk
factors for postoperative infection include smoking, steroid use, open technique ver-
sus percutaneous procedures, and female gender. There is an increased risk of infec-
tion with the open repair versus the percutaneous technique; however, the risk is
relatively small. There is a higher incidence of sural nerve injury with the percutane-
ous procedure when compared to the open technique [62].

Posterior leg muscle weakness can be a challenge postoperatively. It is not
uncommon for patients to be able to walk without complete healing of a ruptured
Achilles tendon; therefore the definitive treatment goal for Achilles tendon ruptures
is to prevent residual calf muscle weakness [58, 63, 64].

Rerupture can be a debilitating complication of Achilles tendon treatment. Various
authors have published have published higher re-rupture rates in younger patients
with the majority occurring within 3 months following surgery. Rettig et al. noted a
rerupture rate of 16.6% with patients 30 years of age or younger. Reito et al. recorded
a rerupture rate of 7.1% in 210 patients with acute Achilles tendon ruptures treated
conservatively; the majority of rerupture took place within 3 months after treatment.
Young et al. also reported that 75% of rerupture cases were within 3 months after
surgery; the study also noted that there was no association between rerupture rate and
surgical repair method employed [65-67]. Given abovementioned literature, the cor-
relation between rerupture rates, age, and time should caution clinicians from being
too aggressive with early rehabilitation in younger patients.

Neglected or Chronic Achilles Tendon Ruptures

Chronic Achilles tendon ruptures often present as a challenging pathology that usu-
ally comprises extended recovery and high morbidity even after surgical repair.
Commonly, patients with chronic Achilles complications may have had previous
treatment for midsubstance tendinopathy with a conservative treatment course or
even immobilization in the past. Repair of chronic Achilles tendon injuries can com-
prise of tendon transfers, muscle-tendon advancements, and implantation (autograft,
allograft, and synthetic) to bridge deficits that occur. Typically, even after surgical
repair, there is a loss of one grade of muscle strength to the affected extremity. Prior
to surgery, patients should be accurately informed regarding the prolonged recovery
and rehabilitation that typically awaits them. There is no official definition for a
chronic Achilles tendon rupture, but many physicians consider a chronic rupture to
be generally defined as a rupture that has been present greater than 6 to 8 weeks from
the initial injury. It is known that tendon fibrils combined with scar tissue do not
recreate the proper length of tension in comparison to the natural tendon complex.
Many authors agree that neglected Achilles ruptures should be treated opera-
tively unless there are significant contraindications to surgery or the patient has a
low-demand lifestyle [62]. If surgical intervention is planned, advanced imaging is
important in assessing the amount of deficit. The surgical goal should be to restore
the physiologic length-tension relationship of the Achilles tendon. Chronic ruptures
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are regularly mended with direct end-to-end repair; usually, this method is limited
to tendons with gaps less than 2 cm. A gastrocsoleus recession can be useful to
approximate the torn tendon ends. Other options include allograft repair [68, 69],
woven gastrocnemius aponeurosis repair [70, 71], gastrocnemius recession, plan-
taris reinforcement [72], peroneus brevis tendon transfer [73], tendon transfer pro-
cedures, and muscle-tendon advancement flaps [74].

The muscle-tendon advancement described by Mendicino et al. [75] allows for
the correction of small to large deficits. The procedure consists of a full-thickness
inverted V to Y advancement, which does not sacrifice any local tendons and does not
include the morbidity of a second surgical site. The amount of correction is depen-
dent on the length of the full-thickness arms of the V. Once the deficit is measured,
the lengths of the arms need to be twice the length of the device. This repair can also
be reinforced with synthetic grafts and/or local tendon grafts. However, many authors
do not recommend V to Y advancement as to poor functional power and cosmesis.

Flexor hallucis longus transfer is generally used for almost all cases, especially
when a direct repair is not possible [149-151]. With the use of new technology, the
procedure has been simplified, and harvesting of the flexor halluces longus tendon
can be performed through a single-incision approach. The use of new interference
screws and anchors allows the tendon harvest to be shorter and more secure [76].

Postoperative Protocol

The patient is placed in an Achilles boot immediately after surgery in order to place
the foot in 20-30° degrees of plantarflexion. The degree of plantarflexion varies
depending on the final position of the postsurgical repair. The amount of wedge
placed in the boot corresponds to the angle of the foot in gravity or equinus postsurgi-
cally. The patient will remain non-weight-bearing until the surgical incision heals,
which typically is 2-3 weeks. Once the incision is healed, the patient is allowed to
bear weight in the Achilles boot. This allows for some tension on the repair site
which leads to a linear alignment of collagen fibers while avoiding a disorganized
alignment. The patient will be followed on a 2-week basis with sequential wedge
removal until a neutral position is achieved, which typically takes a total of 6-8 weeks.
When a neutral position is achieved, the patient is placed in a stiff-toed shoe with a
slight heel lift. Physical therapy is initiated at week 4 to mobilize the scar tissue and
to minimize adhesions at the repair site. The first 2 weeks of physical therapy should
include a range of motion exercises without resistance. After the first 2 weeks of
physical therapy without resistance, exercises broaden to involve progressive
strengthening with the use of resistive bands and manual mobilization. Weeks 4-6
include proprioception training, weight-bearing strengthening, and the continuation
of manual mobilization. Athletic activities cannot be initiated until a minimum of
10-12 weeks postoperatively. Athletic activities with higher physical demands and
movements, such as jumping-type activities, are restricted until 6 months after repair.

It is imperative to avoid Achilles tendon elongation which can be caused by over-
aggressive physical therapy. On physical examination, an elongation of the Achilles
tendon can be characterized by hyperdorsiflexion of the ankle, plantarflexor
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weakness, and functional deficit. A period of lengthy immobilization is also not
ideal. A patient should not be immobilized in a cast or splint for greater than
3 weeks. Full weight-bearing in an orthosis should last until the 6- to 8-postopera-
tive week mark with it being initiated immediately after surgery or at least within
3 weeks after surgery [77, 78].

Literature Review

There is no current agreement on the best treatment of acute Achilles tendon rup-
tures. Historically, the literature supports a rerupture rate of the Achilles tendon to
be 10-40% when treated with nonoperative management compared to 1-2% with
surgical repair. However, new studies have validated the importance of conservative
treatment and functional rehabilitation for ruptured Achilles tendons. The acceler-
ated Achilles rehabilitation protocol gained notoriety by Willits et al. in 2010 [79].
More recent literature validates Willits” original findings that there is no significant
difference in healing rates of serial casting or functional bracing when compared to
surgical repair [54-57, 62, 77, 80]. There are many different Achilles rehabilitation
protocols for conservative treatment recorded in the literature, most of which are
very similar [79, 81-85]. There is also debate as to whether functional rehabilitation
is more important for tendon healing than surgery repair itself. Furthermore, litera-
ture has shown that early weight-bearing combined with early ankle motion exer-
cises is more effective for postoperative recovery than conventional immobilization
or early ankle motion exercises alone [86]. Brumman et al. underline the importance
of functional rehabilitation with an adherence to a specific rehabilitation protocol
consisting of full weight-bearing in 30° fixed plantarflexion started immediately
after surgery, controlled ankle mobilization in free plantarflexion, and limited dor-
siflexion at 0° after the second postoperative week [87].

The importance of early weight-bearing postoperatively has become widely
acknowledged; however, the ankle position still remains an area of debate. It is a
common practice that the ankle is initially maintained in a plantarflexed position
with gradual dorsiflexion after surgery. Some authors advocate placing the ankle in
a neutral position immedicably after surgery due to the fact that rerupture occurs
frequently with gradual dorsiflexion of the plantarflexed ankle during rehabilitation.
A recent study by Ryu et al. recorded that there was no case of rerupture in the total
112 patients who started weight-bearing ambulation in a neutral ankle position
immediately after surgery [77]. There is no clear consensus as to the best position
of the ankle immediately after surgery; therefore, the physician must use their clini-
cal judgment when determining the position of the ankle. Zhao et al. performed a
meta-analysis comparing early functional rehabilitation and traditional immobiliza-
tion following surgical Achilles tendon repair after acute rupture has been published
[88]. The authors performed a comprehensive search using the PubMed and Embase
databases and the Cochrane Library with the following keywords that were used:
Achilles tendon, or Achilles or TendoAchiles and Rupture or Injury. The references
of the included studies were also manually searched, and according to the Jadad
decision algorithm, high-quality meta-analysis with a greater number of RCTs was
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selected [88]. Based on the results, the meta-analysis showed that early functional
rehabilitation was superior to cast immobilization in terms of patient satisfaction
and the time to return to premorbid sporting levels. The authors also showed there
were no differences regarding major complications or the time before return to prior
employment and sporting activity.

Historically there was controversy regarding whether to treat acute Achilles ten-
don ruptures surgically or with cast immobilization. Most literature and studies show
slightly better outcomes and decreased rerupture with surgically repaired Achilles
tendons. The postoperative recovery time for surgically repaired tendons is usually
less than nonsurgically treated tendons as well. One of the problems with cast repairs
relates to the Achilles tendon lengthening that results due to the scar tissue formation
that bridges the two ruptured ends. This can lead to loss of strength, length, and ten-
sion relationship within the tendon-muscle complex. Ochen et al. performed a sys-
tematic review and meta-analysis of operative versus nonoperative treatment of
Achilles tendon ruptures [89]. The authors compare rerupture rate, complication rate,
and functional outcome after operative versus nonoperative treatment of Achilles
tendon ruptures; compare rerupture rate after early and late full weight-bearing; eval-
uate rerupture rate after functional rehabilitation with early range of motion; and
compare effect estimates from randomized controlled trials and observational stud-
ies. The authors evaluated 29 studies, 10 randomized controlled trials, and 19 obser-
vational studies. Based on the study, the authors found that operative treatment of
Achilles tendon ruptures reduces the risk of rerupture compared with nonoperative
treatment. However, rerupture rates are low and differences between treatment
groups are small (risk difference 1.6%). The authors found that operative treatment
results in a higher risk of other complications (risk difference 3.3%).

Hurley et al. performed a literature search based on the PRISMA guidelines to
identify meta-analysis on Achilles tendon repair [90]. Each meta-analysis was cat-
egorized into one of the following subgroupings: (1) Operative versus Non-
Operative Treatment (with Conservative Rehabilitation) [OC vs. NOC], (2)
Operative versus Non-Operative Treatment (with Functional Rehabilitation) [OF
vs. NOF], (3) Conservative Rehabilitation versus Functional Rehabilitation (with
Operative Treatment) [OC vs. OF], and (4) Open versus Percutaneous Repair (with
Conservative Rehabilitation) [OC vs. POC]. The authors found that the rerupture
rates were lower in operative treatment in all studies, even when early functional
rehabilitation was used. Also, there was no difference between percutaneous and
open repair on the rerupture rate, and there was an overall reduction in wound infec-
tion after percutaneous repair.

Seow et al. performed a meta-analysis on the rates of all complications after the
treatment of acute Achilles tendon rupture with a “best-case scenario” and “worst-
case scenario” analysis for rerupture rates that assumes that all patients lost to fol-
low-up did not or did experience a rerupture, respectively [91]. The authors
performed a systematic review of the PubMed and Embase databases according to
the PRISMA guideline and demonstrated that surgical treatment was superior to
nonsurgical treatment in terms of reruptures. Nonmeaningful values were seen with
the number needed to treat analysis for all treatment options, except for surgical
versus nonsurgical treatment and minimally invasive surgery versus open repair.
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grade 3 strain, 9
high ankle sprain, 25
intravenous contrast, 4
large field of view (FOV) imaging, 1
Lisfranc fracture dislocation, 7
Lisfranc fracture subluxation with fleck
sign, 22
magic angle artifact, 18
magic angle effect, 14
midfoot imaging, 1
midfoot Lisfranc ligament injury, 5
MRI, 13
normal achilles tendon, 6
normal lateral radiograph, 2
normal weightbearing radiographs, 2, 3
painful flatfoot deformity, 19
peroneal brevis dislocation with tenosyno-
vitis, 17
peroneal longus focal tendinosis, 16
peroneal tendon dislocation, 6
peroneus brevis split tear, 16
posterior tibialis tendon intrasubstance
tear, 15
progressive fiber disruption, 9
radiographic imaging, 2
radiography, 4
soft tissue swelling, 20
stress radiographs, 4
superficial ligament injury, 20
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ultrasound, 5
Weber B distal fibular fracture, 20
weight-bearing magnetic resonance
imaging (MRI), 2, 7
Tendoscopy, 146
Tenodesis, 146
Tenosynovectomy, 159, 160
Tibialis anterior tendon injuries
anatomy, 110-116
clinical evaluation, 116, 117
common tendon rupture, 121, 122
conservative treatment, 123
diagnostic imaging, 117-119
overuse injuries, 128
physical examination, 128
risk factors, 109
surgical treatment, 123, 124, 127
tendinopathy, 119-122
tendonitis, 120
tenosynovitis, 120-121
treatment, 130, 131
Total ankle arthroplasty, 169
Traumatic hallux valgus correction, 36, 37
Traumatic valgus deformity (4A), 48
Traumatic varus deformity (4B), 49
Triple arthrodesis, 168170
Turf toe injuries
anatomy/biomechanics, 30, 31
bilateral standing foot radiographs, 31-32
carbon sole insert, 36
diagnosis/clinical evaluation, 31
dorsal longitudinal incision, 35
extensor hallucis brevis (EHB) teno-
desis, 36
grade 2 injury, 32
grade 3 injury, 33
grade 4 injury, 33
grade I injury, 32

grade I1I turf toe injury, 32
hallux MTP dislocation treatment, 37, 38
imaging, 31
incidence of, 29
L-shaped incision, 35
magnetic resonance imaging (MRI), 32
McBride procedure, 35
MRI imaging, 32
nonoperative treatment, 33, 34, 39, 45
operative treatment, 34, 35, 45-47
risk factors, 29
sand toe injuries, 29
Sliver bunionectomy, 35
surgical complications, 38
traumatic hallux valgus correction, 36, 37
treatment
grade 1, 47
grade 2, 48
grade 3, 48
grade 4, 48-49

U
UCBL orthosis, 156

\%
Valgus Stress Test, 198

W

Wagstaffe-LeFort fractures, 236

Ward Test, 234

‘Weber B distal fibular fracture, 20

Weight-Bearing Computed Tomography
(WBCT), 199, 201

Weight-bearing magnetic resonance imaging
(MRI), 2

Weil osteotomy, 73, 74, 76
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