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Preface

Foot and ankle pathology and disorders have been augmented in the last two decades
due to the way of life of the current human beings. On the one hand, the trauma
categories are because of motorbike and car accidents; and on the other hand, the
chronic syndromes are due to everyday overuse of foot and ankle, as in high-demand
sports and hobbies. This book offers an updated guide to foot and ankle pathology,
and presents everyday trauma categories, as also chondral and joint chronic syn-
dromes at different ages, which will allow the reader to analyze and understand how
the foot develops from the early stages to adulthood.

This book offers an updated guide to the foot and ankle and presents the most com-
mon pathology, the conservative therapies and the open or arthroscopic techniques
performed worldwide. It provides a general overview of the anatomy, biomechanics,
diagnosis, surgical approaches, treatment alternatives, and complications in con-
nection with sports medicine and adult foot and ankle problems, gathering in-depth
information on frequent pathologies in a single source. The text is concise and
informative, providing a general overview of each disorder, identifying key points
for correct diagnosis and differential diagnosis, and highlighting tips and pitfalls

in conservative and operative treatment. Written by world-renowned experts in
Orthopaedic Surgery, the book offers various points of view on the topics discussed.
This comparative approach is generally lacking in foot and ankle literature, an over-
sight that the book addresses. The content consists of different chapters, divided into
the following major sections: “Introduction”, “Arthropathies”, “Forefoot Pathologies”,
“Causes and Effects of Hindfoot ” and “Achille Tendon Rupture”

Dr. Dimitrios D. Nikolopoulos and Dr. George K. Safos (MD)
Orthopaedic Surgeon, Arthroscopist
Central Clinic of Athens, Greece
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Chapter1

Introductory Chapter: Foot and
Ankle Disorders — Pathology
and Surgery

Dimitrios D. Nikolopoulos

1. Introduction

The number of cases of “Foot and ankle Pathology & Disorders” has been augmented
in the last two decades due to the current way of life of the human beings. On the one
hand are the trauma categories because of motorbike and car accidents; and on the other
hand are the chronic syndromes due to everyday overuse of foot and ankle, as in high
demand sports and hobbies, as also in ballet dancing, etc.

This book offers an updated guide to the foot and ankle pathology, and presents
everyday trauma categories, as also chondral and joint chronic syndromes at all ages
from childhood to adults. Furthermore, the book will allow the reader to evaluate and
realize how the foot changes during development from the early stages to adulthood.
It also provides an overall outline of the anatomy and foot biomechanics, as also diag-
nosis of the pathologies, the open or arthroscopic surgical approaches, the treatment
alternatives, and complications.

Our book, written by world-renowned experts, offers various points of view on
the topics discussed, mainly in six chapters, divided into the following sections: (1)
Anatomy and biomechanics of foot and ankle, (2) Basic foot and ankle arthropathies,
(3) Hindfoot pathologies, (4) Pediatric orthopedics and flatfoot reconstruction,

(5) Podological deformities and management, and (6) Achilles tendon rupture and
functional rehabilitation.

“Foot and Ankle Disorders - Pathology and Surgery” will be of major interest for
orthopedic residents, as also for orthopedic surgeons at the first steps of their career,
and for experienced surgeons seeking updated information.

2. Foot and ankle: anatomy and biomechanics

The foot and ankle are a complex of joints made up of 26 individual bones of the
foot. The ankle joint—due to the presence of the structure called ankle mortise—pro-
vides a high stability role. The ankle complex motions are dorsiflexion 20 degrees,
plantarflexion 55 degrees in the sagittal plane; and inversion 30 degrees with eversion
20 degrees in the frontal plane. When these motions occur as coupled motions, they
produce the known supination and pronation movements. The range of motion that is
available for dorsiflexion will be around 10-20 degrees and for plantar flexion it will
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be around 40-55 degrees. The forces acting on the ankle joint bear approximately five
times the body weight during stance in a normal walking phase and up to 13 times the
body weight during running activities [1, 2].

During the daily living activity, the ankle joint possesses high congruency, because
first it has a high stability role and second the load-bearing area is larger and mostly
in the stance phase during normal gait. The maximum power of the ankle complex
is generated around 50% in gait cycle during the forefoot rocker phase correspond-
ingly with the force production of the plantar flexors which is required for the lower
extremity to propel the body forward toward toe-off. The other form of stability for
foot is provided by the presence of plantar aponeurosis, which takes up to 60% of the
weight bearing and the action tie beam around 25% from the metatarsals. The toe
extension during the normal gait cycle makes the plantar aponeurosis to become taut,
thereby increasing the ability to withstand larger amount of stress [1, 3].

3. Ankle foot arthropathies

In this chapter, the basic pathologies of foot and ankle are analyzed. To be more
specific, in the first part of the chapter, the trauma issues of the ankle, such as ankle
sprain, calcaneus or talus fractures, and ankle instability, are presented. In the second
part of the chapter, the inflammatory conditions, such as osteoarthritis of foot and
ankle, rheumatoid arthritis, gouty arthritis, or neuropathic arthritis, are analyzed.

In the third part of the chapter, the congenital foot deformities, such as Club foot
or Rocker bottom flat foot and other acquired pathologies as Pes planus and cavus,
Hallux valgus, Morton’s or Hammer toe, are described [4-7].

One of the main problems in 14-17% of patients after ankle sprain pertains to
the Osteochondral Lesions (OCLs) of the Talus and these lesions are presented with
intermittent or deep pain of the ankle, swelling, plus locking and catching, thereby
limiting the patients’ mobility. And although it is widely accepted that the small talus
OCLs may be treated nonoperatively, the question that easily arises is which is the best
surgical technique for these patients with large OCLs. Traditionally, the treatment
of small symptomatic OCLs includes either bone marrow stimulation usually with
arthroscopic procedures or autologous osteochondral transplantation. Nevertheless,
in adults with large OCLs of the talus (>200 mm?) (focal and contained), the treat-
ment can be challenging, as, on the one hand, the injured articular cartilage shows
poor intrinsic reparative competence and, on the other hand, the prescribed tech-
niques till nowadays cannot always offer high success rates in a long-lasting follow-up
[7]. In the last decade, taking into consideration first that the periosteum has intrinsic
regenerative and regrowth cartilage characteristics; and second that the fresh bone
autograft and the aspirated bone marrow contain live mesenchymal precursor cells,
novel and innovative technique for ankle OCLs has been presented [8].

4. Hindfoot pathologies

Pain in the foot is prevalent throughout the population, with an estimated range
from 17 to 30%. Moreover, more than 25% of the population over the age of 45 have
everyday hindfoot pain, which limits their daily activities, causes poor balance and
important gait issues, and offers poor health-related quality of life. According to
recent studies, at least two-thirds of people have moderate functional daily living
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issues. Different risk factors for hindfoot pain and pathologies have been identified
and analyzed in the literature, such as age, female gender, obesity, posttraumatic
osteoarthritis, diabetes, biomechanical factors (lower extremity excessive external
rotation, significant pronation of the subtalar joint, weakness of the plantar flexor,
and shortening of the achilles tendon), and anatomical variations (pes planus and
pes cavus). In this chapter, an overview of the pathologies of the hindfoot that cause
hindfoot pain, mainly in patients with bone and soft-tissue overload, foot anatomic
disorders, and a decreased range of motion, is provided.

Hindfoot pathologies can be caused by a variety of factors, including overuse,
trauma, degeneration, and underlying medical conditions [9, 10]. Some common
hindfoot pathologies include tendinopathy of the posterior tibialis tendon or flexor
hallucis longus, posterior ankle impingement syndrome (PAIS), calcaneus contusion,
stress fractures of the calcaneus or talus, hindfoot rheumatoid arthritis, Paget’s disease,
osteomyelitis after posterior foot and ankle open fractures, and cancer metastases [9, 10].
One of the most common problems of hindfoot pathology (mainly in athletes and ballet
dancers) is the Posterior Ankle Impingement Syndrome (PAIS), which is usually caused
by Os Trigonum (OT) or a hypertrophic posterior talar process Stieda. The most com-
mon accessory bone of the foot—although usually asymptomatic, it is true that it may
become a severely debilitating problem not only for recreational or competitive athletes,
but also for ordinary people in their everyday living. Ankles’ posterior arthroscopy (PA)
has been improved considerably in the last 25 years and has become the gold standard
procedure for different pathologies of the ankle and hindfoot, as a safe and reliable treat-
ment option. Currently, the indications for ankles’ posterior endoscopy have extended,
including both intra- and extra-articular pathologies, and may involve: (1) bone (os
trigonum (OT), loose bodies, posttraumatic ossifications, lateral or medial malleolus
avulsion fragments, and Haglund’s pathology); (2) cartilage (ankle and subtalar joint
osteochondral defects, osteoarthritis, osteochondromatosis, and cystic lesions); or (3)
soft tissues (tendinopathy of flexor hallucis longus, inflammation of retrocalcaneal
bursa, posttraumatic synovitis, and soft-tissue impingement) [9, 10].

Apart from the OT fractures, the further conditions of posterior impingement
should be initially treated conservatively (rest, nonsteroidal anti-inflammatory drugs
(NSAIDs), and physiotherapy); but when these measures fail, or if we are dealing
with high-performance athletes—surgical treatment should be considered early. Of
course, it is particularly important for the orthopedic surgeon to assess preoperatively
to which of these three categories the patient belongs, so as to be accurate in treating
the exact problem [9, 10]. Hence, the purpose of the present chapter is to evaluate the
efficiency and the effectiveness of surgical and conservative techniques in hindfoot
pathologies; and also, to assess the level of function, outcome measures, and physical
examination parameters, with the purpose of providing the readers an overview of
clinical results after performing an open or arthroscopic operation. This chapter will
help the orthopedic surgeons to manage their patients’ expectations after arthroscopy.
It is well known that arthroscopic techniques offer earlier recovery with limited pain,
significant improvement in the joint function, and restoration of ankle motion with
limited complications versus the open techniques.

5. Flatfoot reconstruction

One of the most common presenting problems in orthopedic surgeons’ everyday
practice is the painful flatfoot. The flatfoot pathologies are treated first conservatively
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with customized orthotics to support the counter arch, and shoe alterations and
second with physiotherapy, providing excellent outcomes (heel cord stretching
exercises, foot strengthening of the dorsiflexors and invertors). Nevertheless, in some
cases, conservative care may not alleviate the associated symptoms of lower limb or
the lumbar spine [11, 12].

Management of the adolescent and flexible flatfoot deformity represents a com-
plex task. It requires biomechanical knowledge and analytic mechanics to deter-
mine deformity that compensates in a primary plane of dominance. The purpose of
the two chapters in this book is to refer to flatfoot and podological deformities and
to present clinical evaluation, radiographic assessment, and mechanisms of occur-
rence. It also proposes surgical management for three types of flatfoot deformity
as seen compensating in a dominant plane. In such cases, multiple surgical options
are available to treat the underlying deformity and associated symptoms. In the
discussion on the various types, biomechanical focus concerning articular geom-
etry and its modes of compensation will be highlighted. The purpose of these two
chapters is to discuss and understand the benefits of the reconstructive surgical
procedures (osteotomies) for flatfoot treatment and the benefits of the arthrode-
sis-type procedures [11, 12].

6. Podological deformities and management

Podological deformities are the deformities that mainly occur in the foot complex.
The deformities may be congenital or acquired. The commonest congenital deformi-
ties in the foot are Congenital Talipes Equino-Varus (CTEV), Vertical Talus, Hallux
Valgus, Pes Cavus, Pes Planus, and Claw Toe. The acquired deformities are developed
later in life, mainly due to trauma or foot fractures. In this chapter, the various conser-
vative and surgical managements are analyzed, as also the postoperative management
with the purpose of correcting the deformities, to improve biomechanical aspect and
the gait pattern.

7. Functional rehabilitation after Achilles tendon rupture

Controversy continues to exist regarding optimal treatment of an acute Achilles
tendon rupture, despite the research in the last decades. The proposed treatments
can be classified into three types: first, conservative management with cast immo-
bilization or functional bracing; second, operative management with open repair
(with or without augmentation) and lastly minimally invasive or semi-open proce-
dures with closed percutaneous repair (ultrasound (U/S) guidance or endoscopic
control). The proposed postoperative rehabilitation protocols refer to non-weight
bearing with below knee cast immobilization for 2 to 3 weeks and afterwards func-
tional bracing for 5 to 6 weeks, and also early ankle motion exercises and partial
weight bearing [13, 14].

In the chapter on Achilles tendon, the current literature concerning the man-
agement of acute tendon rupture is analyzed. It is observed that open operative
treatment has a lower risk of re-rupture (1.4-5%) than nonoperative management
(2.4-13.0%). In the meta-analysis of Ochen et al., it is analyzed in detail based
on the systematic review that a significant reduction in re-rupture after operative
treatment (2.3%) is observed compared to nonoperative treatment (3.9%) [13].
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Furthermore, in the study of Khan et al., it is presented that the risk of other com-
plications is diminished by percutaneous repair (26.1% open vs. 8.3% percutaneous
group) [14]. From the meta-analysis of the literature, the clear tendency that either

conservatively or operatively, early functional rehabilitation should be started as
soon as possible, is presented.
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Chapter 2
Ankle-Foot Arthropathies

Divyashri Nazare

Abstract

This chapter will focus mainly on the commonly found arthropathies in the ankle and
foot, the pathology of the disease, its diagnosis, management and goals of management.
The aim of this chapter is to understand how the basic anatomy of the joint is affected in
these disorders and its effect as a whole. The learning objectives are as follows: (1)
Learning the basic relevant anatomy of ankle and foot, (2) Discuss the causes, diagnosis,
investigations and general prognosis. (3) Understanding its impairments, and (4) Pro-
viding a framework for the treatment and rehabilitation. It will cover the commonly
found congenital and acquired conditions occurring at the ankle and foot.

Keywords: ankle, foot, arthropathy, diagnosis, management

1. Introduction

About 30 bones make the structure of ankle and foot. This structure can be divided
into forefoot, midfoot and hindfoot. The distal ends of tibia, fibula, talus and calca-
neum make the hindfoot. The midfoot comprises of navicular and cuboid bones and
the forefoot consists of three cuneiforms, five metatarsals, and 14 phalanges. The
ankle joint also known as the talocrural joint is a synovial joint of hinge type. Its
articular surfaces are made up of the lower end of tibia with medial malleolus, the
lateral malleolus of fibula proximally and the body of talus distally. The structure of
talus and the two malleoli resembles a mortise which is adjustable and provides
mobility and stability. It is supported by the fibrous capsule, the deltoid or medial
collateral ligament (MCL) and a lateral collateral ligament (LCL) which has three
bands; anterior talofibular ligament, posterior talofibular ligament and calcaneofibular
ligament. The MCL controls eversion and pronation of the ankle while the LCL
controls inversion and supination. The movements at the ankle joint are dorsiflexion
and plantar flexion performed primarily by the tibialis anterior and gastro-soleus
respectively. Blood supply to the ankle is provided by the anterior tibial, posterior
tibial and peroneal arteries and nerve supply by the deep peroneal and tibial nerves.

There are numerous joints in the foot classified as:

1. Intertarsal joint that include subtalar or talo-calcanean joint,
talocalcaneonavicular joint and calcaneocuboid joint

2. Tarsometatarsal joints

3.Metatarsophalangeal (MTP) joints
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4.Interphalangeal joints

The movements permitted at these joints are

1.Inversion and eversion of foot at subtalar joint

2.Flexion, extension, abduction and adduction of toes at MTP joints

3.Flexion and extension at the distal phalanges

The foot has three arches: medial and lateral longitudinal arches and a
transverse arch. These arches are integrated fully with one another and enhance
the dynamic function of the foot, similar to palmar arches of hand. They are
uniquely adapted to serve mobility and stability weightbearing functions by

dampening the effect of weightbearing forces, superimposed rotational
motions, adapt to changes in supporting surface and distribution of weight through

the foot [1].
2. Contents
1. Trauma
* Ankle injuries
* Fracture of calcaneum
* Fracture of talus
* Ankle sprain
* Recurrent subluxation of ankle
2.Inflammatory conditions
¢ Osteoarthritis
¢ Rheumatoid arthritis
¢ Tuberculous arthritis
* Gouty arthritis
* Neuropathic arthritis
3.Deformities
* Congenital

a. Club foot
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b. Rocker bottom flat foot
* Acquired
a. Pes planus
b. Pes cavus
c. Hallux valgus
d. Morton’s toe
e. Hammer toe
f. Calcaneal spur
4.0Other
* Plantar fasciitis
* Bursitis
3. Clinical examination
History
Assessment of pain (type, intensity, nature, duration, aggravating factors,
relieving factors).
Observation/inspection
* Posture
* Gait
* Attitude of limb
* Color and texture of skin
* Deformity
* Muscle wasting
* Soft tissue contours
* Bony contours and alignment
* Scars
* Swelling/oedema

* External appliances/bandaging

13
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Palpation

* Local temperature
* Tenderness

* Muscle spasm

* Swelling

Sensory examination — superficial and deep sensations.
Movements — active and passive

¢ End feel
* Accessory movements

Power

Muscle girth.

Limb length - true and apparent.
Gait analysis.

Balance.

Functional evaluation.
Footwear/Assistive devices/Splints.
Radiographic examination (Figure 1).

4. Trauma
4.1 Ankle injuries
Lauge-Hansen classification of ankle injuries is the most widely used based on the
mechanism of injury (Table 1).
Fractures around the ankle can also be classified as:
* Malleolar fractures or adduction-abduction fractures
* Hind foot fractures
* Midfoot fractures
* Forefoot fractures
a. Malleolar fractures: Forced abduction produces rupture of medial ligament
of ankle, fracture of medial malleolus or of both malleoli. Forced adduction
produces rupture of lateral ligament, fracture of lateral malleolus or both

malleoli. Fracture of both the malleoli is called Pott’s fracture.

b. Hindfoot fracture is the injury to talus or calcaneum resulting from a fall
from height or forced dorsiflexion injury to ankle.
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Figure 1.
Limb length discrepancy.
Type of On medial side Tibio- On lateral side Others
injury fibular
syndesmosis
Adduction  Med. Malleolus fracture Normal Avulsion fracture of lat. —
injury with an oblique fracture Malleolus or Lat. Coll. Lig.,
line Injury
Abduction  Avulsion fracture of med. Normal Fracture of lateral malleolus at —
injury Malleolus (low) or Med. the level of ankle mortise with
Coll. Lig. Injury comminution of its lateral cortex
Pronation — Transverse fracture of Damaged Spiral fracture of the fibula —
external med. Malleolus at the level above the level of ankle-mortise
rotation of ankle-mortise or no fracture
injury
Supination- Transverse fracture of Normal Spiral fracture of the lat. Fracture of
external med. Malleolus at the level Malleolus at the level of ankle- the
rotation of ankle- mortise mortise posterior
injury malleolus
Vertical Comminuted fracture of
compression med. Malleolus, distal end
of tibia and lat. Malleolus
Table 1.

Lauge-Hansen classification.

c. Midfoot fractures: Fracture of the navicular, three cuneiform bones and
cuboids usually occurs due to fall of a heavy object on the foot or in
roadside accidents.

d. Forefoot fractures includes the fractures of the phalanges.
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Investigations: X-ray, MRI, CT scan.

Treatment: The main aim of treatment is to restore the normal alignment of ankle
mortise by accurate reduction of the fracture, relief of pain and restoration of func-
tion. The treatment can be conservative using manipulation under general anesthesia
and immobilization by a below-knee plaster cast. If conservative management fails or
reduction cannot resort by manipulation, then open reduction internal fixation with
screws and plates is performed. After a span of 8 weeks mobilization can be initiated
(Figure 2) [2].

4.2 Fracture of the talus

Most of the injuries are caused by fall from a height on the feet. Most minor
fractures occur through the neck of talus, but in some a small chip or flake is detached.
In undisplaced fractures through neck of talus, immobilization with below-knee plas-
ter cast for 10-12 weeks is appropriate. In displaced fractures or fracture-dislocations,
an open reduction internal fixation is required with cancellous screws. Then a below-
knee plaster should be worn for 10-12 weeks. Weight bearing on the affected foot is
avoided for the initial 6 weeks, partial weight bearing with crutches is permitted [2].

4.3 Fracture of calcaneus

The majority of fractures of the calcaneus are due to fall from a height onto the
heels; thus, both heels may be injured at the same time. The weight thrust is trans-
mitted to the calcaneum through talus thus splitting or breaking the calcaneal tuber-
osity. It may also shatter the calcaneus completely crushing it to pieces. A minor
fracture without compression or a compression fracture is seen.

Figure 2.
Fracture of the 5™ metatarsal.
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Clinical features: There is severe localized pain and the patient is unable to bear
weight on the heel. There is soft-tissue swelling and tenderness over the calcaneal
tuberosity. Movements of the ankle, subtalar and midtarsal joints is restricted. In case
of compression fracture, the heel is palpably broadened out sideways. A visible
ecchymosis is seen later over the sole of the foot.

Diagnosis can be done using radiography in lateral and axial projection or a CT
scan. In case of compression fracture, the upper surface of calcaneus is distinctly
flattened, so that the line of the subtalar joint may form almost a straight line with the
upper surface of the tuberosity.

Treatment: Protection of the heel by a below-knee plaster for 4 weeks can be
done. Open reduction internal fixation in which the calcaneus is exposed from the
lateral side, the fragments are levered back to their normal positions and the position
is held by packing with cancellous bone grafts and application of plates and screws.
Some permanent disability can occur in compression fracture [2, 3].

4.4 Ankle sprain

It indicates a ligamentous injury of the ankle. An inversion injury can cause lateral
collateral ligament and an eversion force may result in a medial collateral ligament
sprain. The patient gives history of a twisting ankle followed by pain, swelling and
tenderness over the injured ligament. Inversion of plantar-flexed foot gives rise to
severe pain and denotes talo-fibular ligament sprain. Radiological examination shows
no changes in the normal anatomy.

The ankle sprain is of two types:

1.Pronation or eversion sprain: It is caused due to pronation or eversion of the foot
along with internal rotation of the tibia on a fixed foot. It may be accompanied by
a fracture along with a tear of deltoid ligament, tibiofibular ligament and
interosseous membrane. Tenderness and swelling are present directly over the
ligament. All weight bearing activities are painful.

2.Supination or inversion sprain: It is common of the two types. It occurs due to
abrupt adduction-inversion force on the ankle. The tibia rotates externally on the
fixed foot with the foot in supination. It causes injury to the anterolateral part of
joint capsule, and one or all of talofibular, anterior tibiofibular ligament and
calcaneofibular ligament.

Treatment is based on the grades of sprain:

First-degree sprain is a tear of only a few fibers of the ligament. There is minimal
swelling and localized tenderness with little functional disability. It can be managed
with below-knee plaster cast for 2 weeks followed by mobilization.

Second-degree sprain is where a third to almost all fibers of the ligament are
disrupted. Inability to move the limb along with pain and swelling are seen.
Immobilization with a below-knee cast for 4 weeks is followed by mobilization.

Third-degree sprain is the complete tear of the ligament. There is sweeling but
minimal pain. It is treated using below-knee cast for 6 weeks and followed by
mobilization.

Cases of partial rupture are treated conservatively with immobilization by
strapping, cast brace or daily open taping. Daily taping and cast bracing helps to
prevent disuse atrophy and leads to formation of adhesions. Thus, early mobilization

17



Foot and Ankle Disorders — Pathology and Surgery

is advised which stimulates healing of torn ligaments, improving strength and stability
of the ankle joint. If surgery is performed, it is followed by a POP cast. Additionally,
limb elevation to reduce oedema, vigorous toe movements, application of anti-
inflammatory and analgesic drugs can be done. Cryotherapy by ice pack, ice massage
or ice immersion are effective to reduce pain, oedema and inflammation. Ultrasound
is beneficial in improving extensibility of the injured joints. Early mobilization by
relaxed passive movements should be started as early as possible in a pain-free range.
Deep friction massage is effective in reducing adhesions. Active and progressive
resistive exercises should be initiated as soon as possible. Full weight bearing should
be started only after 6 weeks [1-3].

4.5 Recurrent subluxation of the ankle

When the lateral ligaments of the ankle tear and fail to heal properly, the ankle
may be persistently unstable with recurrent ‘giving away’ in which the talus moves
medially in the ankle mortise. The patient complains that the ankle goes over fre-
quently causing fall. Pain is present at the lateral side of ankle. Oedema is present with
tenderness at the site of lateral ligament, the heel can be inverted passively beyond the
normal range, dorsiflexion and plantarflexion remain normal.

No changes are seen in routine radiography however the talus may be fully tilted
away from the tibiofibular mortise through 20° or more.

Treatment: In mild cases, strengthening of the evertor muscles is sufficient. In
severe cases, operation may be required where a new lateral ligament is constructed,
usually by using the peroneus longus tendon [4].

5. Inflammatory conditions
5.1 Osteoarthritis of the ankle

Degenerative destruction of cartilage is more common in the hip or knee than the
ankle. It is mostly due to a predisposing factor such as a fracture, irregularity of joint
surfaces from previous fracture, internal derangements, previous disease, leaving a
damaged articular cartilage, mal-alignment of the joint or obesity in some cases.

It shows symptoms of pain progressing over months and years, causing limp. It
may go undetectable initially. On examination, hypertrophy of the bone at the joint
margins is seen. Movements at the ankle are restricted.

Diagnosis: It can be diagnosed from the history, clinical findings and radiological
examination. Sclerosing at the ends of the bones is seen. Erythrocyte sedimentation
rate is not elevated.

Radiographic examination: Narrowing of the cartilage space, a tendency to
sclerosis of the bone adjacent to the joint, and osteophyte formation at the joint
margins.

Treatment: In mild cases, often treatment is unnecessary. However, excessive
stress over the joint should be avoided. Analgesic drugs, rest, supportive orthoses
and in selective cases, a local injection of hydrocortisone or hyaluronate can be
beneficial. Physiotherapy by shortwave diathermy and mobilizing and strengthening
exercises are advisable. Surgical treatment can be arthrodesis which provides stable
joint [4].
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5.2 Rheumatoid arthritis of the ankle

There may be destruction of articular cartilage along with subchondral bone and
pain, stiffness and deformity. The cause is unknown. It may be due to autoimmunity
of the body destroying its own cells or due to an infection. Middle aged adults are
more likely to be affected, women more than men. There is gradual onset with
progressive worsening of pain and swelling.

Diagnosis: Rheumatoid factor is found in serum. Erythrocyte sedimentation rate
and C-reactive protein are elevated.

Investigations: Rheumatoid nodules may be found in radiographic examination.

Treatment: There is no specific cure although symptomatic treatment can be
given. Non-steroidal anti-inflammatory drugs (NSAIDs) and Disease Modifying Anti-
Rheumatic Drugs (DMARDs) are the treatment of choice. They may provide an
analgesic effect while also reducing inflammatory changes. Rest is advisable followed
by physiotherapy when the symptoms reside. Occasionally, an injection of hydrocor-
tisone can be given. Operations such as arthrodesis and replacement arthroplasty are
the treatments of choice when conservative management is not helpful [4].

5.3 Tuberculous arthritis of the ankle

Tuberculous arthritis is contracted by people primarily affected by pulmonary
tuberculosis. The incidence of ankle joint being affected is quite rare.

Clinical features: Children and young adults are mostly affected. The common
symptoms are pain, swelling and deformity of ankle. Increased warmth, swelling and
restricted movements are the characteristic features.

Investigations: The earliest change seen in tuberculous arthritis is diffuse rarefac-
tion throughout a fairly large area of bone adjacent to the joint. As the disease pro-
gresses, the cartilage and underlying bone erodes reducing the joint space.

Diagnosis: In the active phase of tuberculosis, the erythrocyte sedimentation rate
is raised. While healing, it gradually lowers. Pus culture from the abscess often reveals
tubercle bacilli.

Treatment: Treatment of tuberculosis with anti-tuberculous drugs; rifampicin,
isoniazid, pyrazinamide, ethambutol and streptomycin is essential to prevent further
spread. In the early stages, immobilization using plaster cast or splint of the affected
joint is advisable to provide pain relief and joint stability for healing for 4 to 4 months.
Meanwhile, abscesses should be drained frequently. If disease progresses and the
articular cartilage erodes further, a further period of immobilization and fusion of the
joint is advisable [4].

5.4 Gouty arthritis

Gout is associated with disturbed purine metabolism. It is characterized by depo-
sition of uric acid salts, especially sodium biurate or monosodium urate crystals in the
connective tissue such as cartilage, walls of bursae and ligaments. Excessive con-
sumption of purine-rich foods such as liver, kidneys, fish, seafood, beer or heavy
wines are some of the underlying causes. In addition to dietary factors, comorbidities
such as obesity, hypertension, metabolic syndrome, type 2 diabetes mellitus, and
chronic kidney disease are contributing factors.

Clinical features: The patient is almost always over 40 and males are more com-
monly affected than females. Arthritis occurs in recurrent attacks, first attacking the
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great toe, later to the tarsus and ankle. An acute onset is sudden at night. The affected
joint is severely painful, swollen, reg and glossy. Deposition of uric acid (tophi) occur
at the joints.

Investigations: There are no significant changes in acute gout seen in radiography.
In chronic cases, the bone ends show clear-cut erosions adjacent to articular surfaces.

There may be mild leucocytosis and elevated erythrocyte sedimentation rate.
Plasma uric acid level is raised. On aspiration of the swollen joints, turbid fluid comes
out.

Treatment: for acute attacks, non-steroidal anti-inflammatory drugs such as indo-
methacin, or naproxen can be given. Colchicine, allopurinol are sometimes used. The
affected joint is rested until symptoms subside. Aspiration of effusion may be
followed by instillation of hydrocortisone [4].

5.5 Neuropathic arthritis of the ankle

Neuropathic arthritis is uncommon but well recognized in the ankle, the underly-
ing pathology being diabetic neuropathy, syringomyelia, cauda equina lesion, tabes
dorsalis, leprosy, syphilis or stroke. The ankle is one of the most commonly affected
joint.

Clinical features: Middle aged adults are usually affected. Swelling and joint
instability are common symptoms. Pain may be present while the range of movement
is restricted with significant laxity leading to instability.

Treatment: In some cases, the best treatment is to provide support to the joint
with a suitable orthosis. Occasionally, arthrodesis may be performed but is difficult.
The primary underlying neurological disorder should be treated [4].

6. Deformities
6.1 Club foot

Club foot is a term synonymous to Congenital Talipes Equino Varus (CTEV). It is
one of the commonest congenital anomalies found characterized by plantar flexion
(equinus) at the ankle joint, inversion at subtalar joint and adduction of the forefoot.

It can be classified as primary or idiopathic and secondary to paralytic disorders
like polio, spina bifida, etc. It may be detected anytime since birth to late childhood.

Clinical features

1.Raised and shortened inner border of foot.

2.Exaggerated longitudinal arch.

3.Inverted and small heel.

4.Significant limitation of eversion and dorsiflexion.

5.Outer border of foot is convex and weight-bearing.

6.Bony prominences are felt on the lateral side of foot, the head of talus and lateral
malleolus.
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Diagnosis: Usually, in newborns the foot can be dorsiflexed so that the dorsum of foot
touches the shin of tibia. This can be used as a screening test in mild cases of clubfoot.

Investigations: X-rays can be done in antero-posterior and lateral views. The talo-
calcaneal angle in a normal foot is more than 35°, but is reduced in CTEV.

Treatment: The principle of treatment of CTEV is the correction of the deformity
and its maintenance. There are non-operative and operative methods to do so.

1.Non-operative methods: In the conventional Kite method, correction of
forefoot adduction followed by heel inversion, cavus and equinus at the end is
the sequence. Dorsiflexion of the foot along with pressure on the inner border of
heel corrects the cavus, equinus and inversion of the heel. In children above
2 years of age, passive manipulation as mentioned above is carried out and
maintained by strapping, splinting or below-knee POP cast. A Dennis Brown
splint or Wheaton brace can be used.

2.Operative methods:

i. Soft tissue release and external fixation: The tight structures on the
medial side of foot are divided; tibialis posterior tendon, talonavicular
joint capsule, tendon sheaths of long flexors, capsule of subtaloid joint,
plantar calcaneonavicular ligament and origin of plantar muscles and
fascia. Z-plasty is used to lengthen the Tendo-Achilles. Then the foot is
immobilized in a POP cast for 4-6 weeks.

ii. Bony correction: Triple arthrodesis or subtaloid-midtarsal arthrodesis is
used for bony corrections.

iii. Wedge tarsectomy: A wedge from the tarsus-calcaneum, cuboid and
talus of the foot is removed. POP cast is applied after correction by
manipulation and maintained for 6 weeks.

Physiotherapy management: Graded manipulation by passive movement is done
to correct the deformity. The most important factor is maintenance of optimal align-
ment. Immobilization by adhesive plaster can be done in mild cases extending from
the medial condyle of knee, passing under the heel to pull it into valgus and taken
right up to outside of the knee. Another strip extends from the lateral malleolus,
dorsum of foot, below the great toe to pull the foot into valgus position and ending on
the outer side of knee. This is continued for 2 months.

Night splints or resting posterior corrective splints should be worn to prevent
recurrence. Ambulatory training with maintenance of foot in corrected position
should be taught [1-4].

6.2 Rocker bottom flat foot

Also known as Congenital vertical talus, this is referred to flattening of the longi-
tudinal arch of foot. The talus is distorted plantarward and medially, calcaneus in
equinus, foot dorsiflexed, convex sole with deep creases on dorsolateral aspect of foot.

Diagnosis: The deformity is seen as flattening of medial arch of foot. The sole is
convex as both talus and calcaneus are in equinus and the foot is dorsiflexed at
midtarsal joints. There is localized tenderness. Movements of the tarsal joints,
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supination and pronation, are painful and restricted. X-ray of foot is performed for
investigations.

Management: It is difficult to treat this condition conservatively due to its high
recurrence rate. Wedging casts, braces, modified shoes can be used for correction of
deformity. Ambulatory training with optimal positioning of foot should be initiated
early. Suitable footwear with or without arch support can be advised.

Surgical management can be done by release of soft tissue contractures, ORIF with
Kirschner wires, Grice arthrodesis of subtalar joints, Triple arthrodesis of subtalar and
midtarsal joints can be the treatment of choice. Postoperatively, the foot is
immobilized in a plaster cast with foot dorsiflexed [5].

6.3 Pes planus

Also known as the Flat Foot, the deformity is characterized by depression of the
medial longitudinal arch. This causes an excessive stress over the entire foot during
weight bearing.

Causes: Congenital, Potts’ fracture, ligament laxity, injury to the calcaneum, bony
ankylosis of talocalcaneal bar, cause a flat foot even during non-weight bearing
whereas peroneal spasm, rheumatoid arthritis and tuberculosis cause flattening of foot
during weight bearing.

Types: There are four principal types;

* Flexible: with normal peroneals

* Rigid: with normal peroneals

* Rigid: with spastic peroneals

* Rocker bottom (vertical): position of talus distorted obliquely downward.

Clinical features: Usually except for spasmodic variety, there is no pain. However,
pain may arise on weight bearing. There may be localized tenderness. The longitudinal
arch is diminished. The movements of the tarsal joints are painful and restricted.

Investigations: A clinical examination and an X-ray examination in the AP and
lateral views can be performed.

Treatment: In children below 3 years of age, shoes with medial arch support
should be used. Custom prosthesis for children in 3-10 years of age can be used. In the
later stages, a well-molded orthosis should be worn. Manipulation under anesthesia in
children followed by POP cast for 2-4 weeks.

Surgical management by Triple arthrodesis is a treatment of choice as it provides a
means of deformity correction and stabilization. Post-operatively, a POP cast is
advised for 2-4 weeks, followed by modified shoes with arch support should be worn.
Modified Hook-Miller’s procedure or Durban’s flat foot plasty are some other options.

Physiotherapy management:

* Strengthening and endurance exercises in warm water.

* Corrective gait training in the presence of orthoses, weight bearing on the lateral
border of foot without orthoses.

* Toe curling exercises even when shoes are worn.
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* Specific exercises for the medial longitudinal arch and transverse arches
supporting muscles including posture correction [4].

6.4 Pes cavus

There is a significant exaggeration of the longitudinal arch of the foot with
dropping of the tarsus. It is also known as contracted foot, and can be associated with
equinovarus or calcaneal deformities. The paralysis of plantar flexors results in
unopposed action of the dorsiflexors thus causing pes cavus. The anterior transverse
arch is dropped. When the intrinsic muscles are paralyzed, their stabilizing action is
lost thus causing uncontrolled action of the long toe flexors, which causes clawing of
the toes. The anterior tibial muscles thus exert excessive pull, resulting in raising of
the anterior part of calcaneum and depression of the anterior transverse arch with the
hyperextension of the MTP and flexion of the IP joints.

Treatment: If treatment is started in the early stages with customized shoes and
physiotherapy, it helps to control the deformity. In the later and neglected stages,
surgical intervention is needed.

* Steindler’s Operation: All the muscles below the calcaneum and the plantar fascia
are divided. They slide forward and get attached to the bone distally thus
correcting the cavus deformity. Then a POP cast is applied in the corrected
position for 3-4 weeks.

* Lambrinudi’s Operation: The arthrodesis of the IP joints corrects the clawing of
toes, the long toe flexors act as support for the metatarsal heads. This helps to
redistribute the muscle power in the foot.

* Fasciotomy: Plantar fascia along with the tendons of extensor digitorum longus
are divided. The foot is stretched and stabilized, the deformity corrected and
immobilized in a plaster cast for 3-4 weeks (Figure 3).

Figure 3.
Pes Cavus.
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Physiotherapy management:
For conservatively managed cases

* Pain control by pain-relieving modality, faradic foot bath and exercises under
warm water

* A sand bag or a weight can be placed on the dorsum of foot to maintain the
contact of foot with ground. Stretching technique can be used.

* Movements such as dorsiflexion with toe extension stretches the longitudinal
arch. Resisted toe extension prevents clawing of the toe.

* Corrective shoes with soft padding
For surgically managed cases
* Exercises of the joints free from immobilization

* When plaster is removed, active exercises of the ankle, foot and
metatarsophalangeal joints

* Stretching of the longitudinal arch by weigh bearing and weight transfers

* Re-education of gait [4].

6.5 Hallux valgus

It is characterized by abnormal abduction of the first metatarsal with adduction of
the phalanges. A false bursa may be formed over the first metatarsal head, which may
be thickened and enlarged. This is known as ‘bunion’. The articular cartilage inflames,
erodes, atrophies. New bone forms on the medial side of the metatarsal head also
known exostosis or spur. The extensor hallucis tendon is shortened and displaces
laterally.

Causes: Rheumatoid arthritis, Gout, wearing pointed shoes with high heels, idio-
pathic, etc.

There are no other symptoms. It acts as a mechanical disadvantage thus increasing
the deformity. Intrinsic muscles also cannot act effectively. These adequacies result in
the dropping arch and foot eversion.

Treatment:

In severe cases, surgical management is necessary.

* Arthroplasty: The bunion and exostoses are excised, shortened and soft tissues
are divided. The joint is aligned in the maximally correct position.

* Keller’s operation: The excision of base of proximal phalanx with the bunion and
medial portion of the head of metatarsal.

* Mayo’s operation: Excision of the metatarsal head. Firm dressings or plaster cast
for 2-3 weeks after surgery.
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* Arthrodesis: Fusion of the metatarsophalangeal joint of the big toe.

* Mitchell’s osteotomy: Osteotomy of the neck of the first metatarsal.

Mild cases can be managed by physiotherapy and proper footwear.

* Relaxed passive stretching of abduction of the toe

* Straight inner border footwear with wedge between the great toe and second toe
helps in maintaining constant abduction stretch on the great toe. Night splints
may be worn.

* Vigorous active exercises for the strengthening the lumbricals and interossei.

* Weight bearing on the lateral aspect of the foot to avoid pressure and pain

* Faradic foot bath to relieve pain, improve circulation and induce contractions of
the intrinsic muscles.

* Active fanning of the toes in the warm water with assisted abduction of great toe.

* Gait training and ambulatory activities can be started gradually to avoid limping
(Figure 4) [2].

Figure 4.
Hallux Valgus.

6.6 Morton’s toe

It is also termed as Metatarsalgia and defined as the deformity of foot
characterized by development as neuroma, usually of the most lateral branch of the
medial plantar nerve, between the 3rd and 4th, or less frequently between any two
metatarsal heads.
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Diagnosis:

* Pain, which increases while walking

* Disability

* Restricted and painful movements of the toe.

Investigation: X-ray of foot.
Management:
Conservative management

* Analgesics — NSAIDs, Paracetamol
* Corrective foot wear and avoid narrow toe shoes
* Gait training with metatarsalgia foot support

Surgical management: Excision of the neuroma followed by immobilization.
Weight bearing after 1-2 weeks [2, 4].

6.7 Hammer toe

It is a fixed flexion deformity of the proximal interphalangeal joint and flexion or
extension at the distal interphalangeal joint of the toe, usually with the hardening over
the prominent proximal joint. There is usually a contracture of the second toe which
may be congenital or familial in origin. Tight shoes also produce a hammer toe. The
long extensor tendons contract along with the overlying skin.

Clinical features:

e Pain

* Deformity: Hyperextended MTP, hyper flexed interphalangeal and
hyperextended distal phalangeal joint

¢ Painful and restricted movements

Investigations: X-ray of foot.

Treatment: The toe may be strapped to the neighboring toes in the corrected
position with adhesive plaster or with kinesio-taping. Corrective splint (Hallux Valgus
Splint) should be used even during rest to maintain constant stretch. Relaxed passive
stretching helps stretch the short muscles.

Surgical management: Excision of the proximal interphalangeal joint helps to cor-
rect the deformity. In severe cases, arthrodesis of the first interphalangeal joint can
also be performed. Surgery is followed by immobilization for 4-6 weeks after which
weight bearing can be permitted.

Postoperatively, mobilization and stretching of the metatarsophalangeal and
interphalangeal joints should be performed. Following all the procedures, mainte-
nance of the correct alignment along with other routine procedures are adopted [4].
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6.8 Calcaneal spur

Constant overstrain of the plantar fascia causes stripping of the periosteum over the
calcaneum. The gap thus formed is filled up by the bony proliferation, resulting in a
bony spur formation. Occasionally, a bursa may form over the bony spur which gets
inflamed resulting in pain. It may be painful. It is a manifestation of the plantar fasciitis.

Clinical features: Pain, swelling, deformity, pain during walking.

Investigations: An X-ray of the foot in the AP and lateral views: Seen as a
transverse ridge or bar of bone over the calcaneal tuberosity.

Treatment:

Conservative management

* Pain relieving techniques such as infrared radiation, shortwave diathermy,
hydrocollator packs.

Analgesics: NSAIDs, corticosteroids.

* Shoe with wedge or a SORCO rubber heel pad to relieve strain from the fascia.

Faradic current to induce contractions in the intrinsic muscles, improving muscle
tone, power and circulation.

* Exercises in warm water can be encouraged before initiating weight bearing.

Figure 5.
Calcaneal Spur.
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Surgical management: Excision of the spur can be performed if pain is persistent
followed by weight bearing after 3-4 weeks (Figure 5) [2, 4, 5].

7. Other conditions
7.1 Plantar fasciitis

This is one of the commonest causes of heel pain.
Common causes of heel pain:

* Subtalar joint disease

e Achilles tendonitis

* Diseases of the calcaneum
¢ Retrocalcaneal bursitis

* Fat pad inflammation

* Calcaneal spur

* Plantar fasciitis

A repeated series of microtrauma to plantar fascia due to sustained stress of
weight-bearing due to jumping, running, hopping results in plantar fasciitis. A signif-
icant amount falls over the plantar fascia stabilizing the foot from the heel raise to the
toe-off phase of gait when the MTP joint are extended.

Clinical features: Pain over the inner aspect of heel or sole in weight-bearing
positions. The pain is usually worse in the morning when the patient steps down from
the bed or rises on the ground for the first time. Tenderness is present on palpation
over the inner part of calcaneus which is the site of origin of plantar fascia.

Investigation: X-ray of the heel shows a bony spur over the calcaneum.

Treatment: A soft cushion or a silicon heel pad can be used within the shoes along
with NSAIDs. A local steroid injection can be given in the plantar fascia at the tender
point to relieve pain [2, 4].

7.2 Bursitis

Inflammation of the bursa is termed as bursa. It may be due to a mechanical
irritation or from bacterial infection. Bursitis can be of two types:

1. Irritative bursitis: It is caused due to overpressure or friction and occasionally due
to a gouty deposit. Inflammation of the bursa results in effusion of clear fluid into
the sac or bursa. With prolonged inflammation, the sac thickens and induces
pressure erosion on the adjacent bone. Some commonly seen bursitis are:

Prepatellar bursitis Housemaid’s knee.
Infrapatellar bursitis Clergyman’s knee.
Olecranon bursitis Student’s elbow.
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Ischial bursitis Weaver’s bottom.
On lateral malleolus Tailor’s ankle.
On great toe Bunion.

Treatment: Analgesics and rest in some cases can be sufficient along with
removal of causative factor. In some cases, a local injection of hydrocortisone can
be given. Rarely, excision of the bursa is required.

2.Infective bursitis: a bursa may become infected by a pyogenic or tubercular
infection. It is commonly seen in the trochanteric bursa or prepatellar bursa. It
has to be treated with surgical drainage and antibacterial drugs [4].
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Abstract

The ankle and foot complex plays on important role in gait and weight bearing of
the body weight. The deformity of the ankle and foot affects and alters the biome-
chanics of the body and normal gait pattern, and this consequently affects the other
parts and joints of the lower limb and also trunk.

Keywords: podiatry, deformity, congenital disorder, gait abnormality, pes cavus,
pes planus, vertical talus, CTEV, hammer toe, bunion deformity

1. Introduction

Podological deformities are the deformities that occur in the Ankle and foot com-
plex. Deformity is any disfigurement or change in shape of the body part example in
the foot. The deformities may be congenital or acquired. Congenital deformities that is
present from the birth itself, acquired deformities are developed later in life occurs
due to trauma, injuries or any pathology in the Ankle and Foot.

The commonest deformities in the Ankle and foot are Congenital Talipes Equino
Varus (CTEV), Congenital vertical talus, Foot drop, Hallux valgus, Claw toe, pes
planus and pes cavus. There are various surgical, conservative managements and post-
operative managements are given to correct the deformities, improve biomechanical
aspect and the gait pattern.

2. Ankle and foot—anatomy & biomechanics

The foot and ankle are a complex joint made up of twenty six individual bones of
the foot and it has subtalar joint, talocrural joint, tarsometatarsal joint, talocalcaneo-
navicular joint and other inter tarsal joints. The ankle joint is one high stability role
joint due to the presence of the structure called ankle mortise. The motions that take
place in the ankle complex are dorsiflexion 20°/plantarflexion 55° in the sagittal plane
and inversion 30°/eversion 20° in the frontal plane. When these motions occur as
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coupled motions to produce another movement which is known as supination and
pronation. The range of motion that is available for dorsiflexion will be 10-20° and
plantar flexion will be around 40-55°. The forces acting on the ankle joint bears
approximately five times the body weight during stance in a normal walking phase
and up to 13 times body weight during running activities.

The motions of ankle joint are produced by extrinsic muscles which has its attach-
ment within the leg and the foot. These muscles are present within the various
compartments like anterior, posterior and lateral compartment muscles. The tibialis
anterior, extensor hallucis longus, extensor digitorum longus and peroneus tertius
forms the anterior compartment. The peroneus longus and brevis forms the lateral
compartment. The gastrocnemius, soleus, plantaris forms the posterior compartment.
The deep posterior compartment comprises of tibialis posterior, flexor digitorum
longus and flexor hallucis longus. The tibialis anterior and extensor hallucis longus
produces dorsiflexion and inversion of the foot. The peroneus tertius produces
dorsiflexion and eversion of the foot. The extensor digitorum longus assists in
dorsiflexion. The peronei muscles on the lateral compartment produces plantar flex-
ion and eversion of the foot. The calf muscles on the posterior compartment produces
plantarflexion of the foot. The tibialis posterior, flexor digitorum longus and flexor
hallucis longus produces plantarflexion and inversion of the foot (Figure 1).

The ankle joint possesses high congruency during the activity of daily living as the
load bearing area is larger and has high stability role. The larger contact area in the ankle
joint occurs mostly in the stance phase during normal gait. The maximum power of the
ankle complex is generated around 50% in gait cycle during the forefoot rocker phase
correspondingly with the force production of the plantar flexors which is required for the
lower extremity to propel the body forward towards toe-off. The other form of stability
for foot as a whole is provided by the presence of plantar Aponeurosis which takes up to
60% of the weight bearing and the action tie beam around 25% from the metatarsals. The
toe extension during the normal gait cycle makes the plantar Aponeurosis to become taut
thereby increases the ability to withstand larger amount of stress. This mechanism by
several authors have been depicted as Windlass mechanism of the foot.

Figure 1.
Ankle and foot anatomy.
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3. CTEV
3.1 Definition

The CTEV is also known as Clubfoot. It is one of the most common congenital
musculoskeletal deformity occurs in children. CTEV is characterized by the fixation of
the foot in adduction, supination and varus (Figure 2).
3.2 Etiology

The cause is idiopathic. But combination of genetics and environmental factors

contribute to this condition.
Risk factors:

* Family history: Parents and siblings with same condition can have higher chance
of developing disease to the new born.

* Congenital deformities: Spina bifida, cerebral palsy, or connective tissue
disorders, could develop clubfoot later stages of life.

* Environment: Smoking and intake of recreational drugs during pregnancy,
oligohydramnios.

* Gender: Males are like to be affected by the condition.

Epidemiology: It is more common in firstborn children and males. Incidence rate is
1:1000

3.3 Clinical features

* Heel is in equinus and small.

Figure 2.
CTEV.

37



Foot and Ankle Disorders — Pathology and Surgery

¢ Foot inverted.

* Deep creases on medial and posterior aspect of foot.

3.4 Pathology

It involves four components. These component are cavus, adductus, varus and
equinus where cavus and adductus deformities occurs in midfoot and varus and
equinus occurs in hindfoot.

Pathomechanics: Cavus is caused due to the arch in the foot is higher than
usual which causes first metatarsal being plantarflexed. The second part of the CTEV
is adductus, here the navicular bone moves medially and gets dislocated from the
talus. Varus is the third part of the deformity where heel is in varus in relation to
tibia finally equinus causes increase in plantar flexion which leads to foot pointing
downward.

Diagnosis: Antenatal diagnosis during 2nd trimester using ultrasonography.

3.5 Management
3.5.1 Conservative management

1. At birth: Mother of the baby is advised to manipulate the foot during every feed
for 1-2 weeks before the casting begins.

2.Infancy: Ponseti method consists of two equally important phases: the corrective
phase and the maintenance phase. Corrective phase: During the corrective phase
the position of the foot is gradually corrected using a series of manual correction
first cavus then adduction with varus followed by equinus and plaster of Paris
casts, then finally a small outpatient procedure is performed to cut the Achilles
tendon (tenotomy). The corrective phase usually takes 4-8 weeks. Maintenance
phase: Following the corrective phase, the foot position should be retained in the
same position. The maintenance phase involves keeping the corrected position of
foot for the next 4-5 years using denis brown splint for 23 ho a day for the first
12 weeks. Then at night-time until 4-5 years old (Figure 3).

3.Bracing protocol: The brace consists of pair of CTEV SHOES: it will have
straight inner border, outer shoe rise and no heel.

4.Recurrent/Relapse CTEV: Manipulations and casts are applied weekly followed
by Re - tenotomy.

5.Nonoperative treatment: It includes the Stretching and adhesive strapping.
French technique: sequential correction of forefoot adduction, hindfoot varus
and equinus of calcaneum.

3.5.2 Surgical management

Neglected CTEV who do not respond for nonoperative method surgery is indicated
surgical treatment are as follows:
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Figure 3.
Dennis brown splint.

* Turco’s operation: Subtalar release along with calcaneo-fibular ligament.
* Caroll’s incision: Plantarfascia release and capsulotomy of calcaneo cuboid joint.

* Cincinatti incision: It is done for posteromedial and posterolateral soft tissue
release.

* Tendo achilles tendon release with posterior capsulotomy: To correct residual
hind foot equinus.

¢ Tendon transfer.
* Triple arthrodesis.

* Talectomy.

4. Hallux valgus

Hallux valgus, commonly known as a bunion, is a deformity of the big toe joint
that causes the big toe to angle in toward the second toe and protrude outward from
the foot. It is caused by an abnormal balance of muscles and ligaments around the
joint, which pulls it out of alignment.

4.1 Definition

The hallux valgus is a most common deformity occurs in great toe, in which the
first metatarsophalangeal (MTP) joint is malpositioned, lateral deviation of great toe
along with the medial deviation of first metatarsal bone (Figure 4).

The hallux valgus angle (HVA) is defined as the angle between the shaft axis of the
first metatarsal and the proximal phalanx of the hallux (standard 15° angle).
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Figure 4.
Hallux valgus.

4.2 Risk factors

The various intrinsic and extrinsic risk factors causes the development of hallux
valgus deformity.

* The intrinsic factors are Genetic predisposition, family history, anatomical and
biomechanical factor like long first metatarsal bone, cerebral palsy, hyper

mobility of the joint, severe flat foot.

* The extrinsic factors are wearing tight and pointed footwear, incorrect footwear.
4.3 Symptoms

* Pain over the medial eminence.

* Local skin or bursa irritation.

* Medial deviation of the first ray.

* Lateral deviation and pronation of the great toe.

* Pain and swelling at or near the affected joint.

* Difficulty walking or standing for long periods due to discomfort and redness or
irritation around the area.

4.4 Pathology

The pathology associated with this condition includes bony enlargement at the
base of the first metatarsal bone, displacement of soft tissues such as tendons and
ligaments, and cartilage degeneration due to repetitive stress on these structures.

Pathomechanics: It is characterized as a combined deformity with a
malpositioning of the first MTP joint caused by a lateral deviation of the great toe and
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a medial deviation of the first metatarsal bone. It is a deformity of the big toe joint that
results from an imbalance in forces around the MTP joint. This imbalance causes the
great toe to drift away from its normal position and towards the smaller toes. The
main cause of this condition is over pronation of the foot, which leads to an increase in
pressure on the MTP joint during walking or running activities. In addition, tight calf
muscles, high heels, bunions, arthritis and genetic factors can all contribute to hallux
valgus formation.

Diagnosis:

* Physical examination of the foot

* X-ray
4.5 Treatment
4.5.1 Conservative management

The HVA 20° to 45° are treated with conservatively.

* Wearing wider shoes with a lower heel.

Using orthotic devices to support the foot.

Taking pain medication to manage discomfort {NAIDS}.

Physical therapy to strengthen the foot muscles.

Steroid injection for inflamed joints.

Physiotherapy management—These include stretching exercises, orthoses
(special insoles), manual therapy techniques such as soft tissue massage or joint
mobilization, and taping techniques.

4.5.2 Surgical management

The HVA more than 45° is considered severe deformity and its corrected with
surgical management.

Surgical techniques includes modified McBride procedure, distal metatarsal
osteotomies, metatarsal shaft osteotomies, the Akin osteotomy, proximal metatarsal
osteotomies, the modified Lapidus fusion and the hallux joint fusion.

The scarf osteotomy, is a versatile diaphyseal osteotomy of the first metatarsal and
is frequently used for correction of moderate to severe hallux valgus deformity.

The combination of soft tissue surgery and bony surgery followed by correct
dressing and splint advised to correct the deformity.

4.5.3 Prevention
There are several ways to prevent Hallux Valgus, including:

* Wearing comfortable shoes that fit properly.
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* Avoiding high heels and narrow shoes.
* Maintaining a healthy weight.

o Stretching and exercising the feet regularly.

5. Congenital vertical talus
It’s the dorsal dislocation of navicular bone on the talus, the head of talus points

vertically downwards and it produce rigid flatfoot deformity. Congenital vertical talus
also known as Rocker bottom foot or convex pes valgus deformity.

5.1 Epidemiology

Rocker-bottom foot affects about 1 in 10,000 births and occurs equally in boys and
girls. In about half of the cases the both feet are affected.

5.2 Etiology

The cause of vertical talus is unknown, however, it is often associated with a
neuromuscular disease or other disorders such as:

* Arthrogryposis
* Spina bifida

¢ Neurofibromatosis

5.3 Pathology
The navicular bone is dislocated dorsolaterally, vertical orientation of talus bone,
the calcaneum is everted and contracture of Tendo Achilles tendon. This leads to fixed

hindfoot equinovalgus, rigid midfoot dorsiflexion, forefoot is abducted and
dorsiflexed (Figure 5).

5.4 Signs and symptoms
* Rocker bottom deformity
» Equinovalgus
* Convex plantar surface of the foot
* Talar head is prominent

* Peg-leg gait
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Figure 5.
Congenital vertical talus.

* Calcaneal gait
* Improper weight distribution during walking
* Balance is affected

Complications: Vertical talus can cause various complications. Following are a few
of them:

* Wound necrosis

* Talar necrosis

* Under correction of the deformity

* Stiffness of the ankle

* Subtalar joint
5.5 Diagnosis

Early detection of congenital vertical talus is important for successful treatment.
X-ray shows the vertically positioned talus, dorsal dislocation of navicular bone and
the talocalcaneal angle is more than 40°.
5.6 Treatments
5.6.1 Nonsurgical treatment

* Manipulation

* Stretching exercises for the forefoot and hindfoot
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* Casting the foot to increase flexibility
* Physical therapy exercises to stretch the foot

* Casting, bracing or stretching programs to correct the deformity
5.6.2 Surgery

Surgery is recommended at 9-12 months of age. Surgery is necessary to correct
problems with the foot bones, ligaments and tendons. During the operation, pins are
used to keep hones in the correct position.

The surgical procedures are:

* Soft tissue release—Lengthening of peroneal and Achilles tendon
* Reduction of talonavicular joint
* Triple arthrodesis

* Talectomy
5.6.3 Safety in surgery

Surgery can dramatically improve the long-term outcomes for your child with
congenital vertical talus, but it can also be a stressful experience for you and your
child. Treatment is similar to that for a congenital club-foot. Management
principle are to re-establish normal relationship between bones of feet and hold them
there.

6. Claw toe

A claw toe is defined or characterized as “hyperextension at the metatarsal pha-
langeal joints and, flexion of interphalangeal joint” [1, 2] both proximal and distal, “a
foot with exaggerated arch, prominent metatarsals” [3].

6.1 Etiology

The cause of this claw foot includes either a limitation to dorsiflexion or intrinsic
foot muscle paralysis or both together [3]. The exact mechanism is not known but it
may occur due to the hyperextension of the MTPJ. The claw foot is seen in the
following conditions. Poliomyelitis (paralysis of extensor muscle group in leg), [4],
spastic spinocerebellar atrophy, hereditary spastic paraplegia, myeloneningocele,
spastic spianl cord injury, multiple scelrosis (Manuel Rivera-Dominguez).

6.2 Pathology

The most common reported cause of claw toe deformity is atrophy and weak-
ness of the intrinsic muscles caused by motor neuropathy. This causes an “imbal-
ance between the intrinsic muscles and the extrinsic muscles that cross the MTP
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and interphalangeal joints. At the interphalangeal joints, the long extrinsic flexors
have a greater mechanical advantage over the extensors, whereas at the MTP joint,
the extensors have a greater mechanical advantage over the flexors”. If the intrin-
sic muscles (also known as the lumbricals and interossei) are working properly,
they will be able to compensate for this mechanical advantage by flexing the MTP
joint while simultaneously extending the interphalangeal joints. This stabilizing
action, however, is lost when the intrinsic muscles become atrophic and the
extrinsic muscles become dominant. This can eventually lead to clawing of the
toes (Figure 6).

6.2.1 Pathomechanics

“When the MTP] becomes chronically hyperextended, the intrinsic shorten and
the axis of pull shifts dorsal to the center of rotation of the MTPJ”. The intrinsic are no
longer able to produce a flexion moment at the MTPJ, which means that the extensors
act unopposed. When the flexors are pulled to their full length, the IPJs are flexed.
This clawing might be dynamic at first, and you might only notice it when you're
walking. The deformity will further lead to the plantar plate tears and a subluxation
develops at the MTPJ leading to the permanent deformity. The mechanism for the
reverse windlass eventually breaks down, and when this happens, the toes are unable
to make contact with the ground while walking, the MT heads are subjected to a
greater amount of force, which ultimately leads to metatarsalgia.

6.3 Management

It is essential to have a solid understanding of, and strategy for dealing with, the
underlying pathology in order to effectively lower the risk of recurrence.

6.3.1 Conservative

First and foremost, a more conservative treatment approach consisting of digital
pads and footwear modification should be attempted. They are using “wide and high
toe box with soft insole shoes or using an orthotic device like doughnut-shaped
cushion, foamed toe cap, viscoelastic toe sleeves or toe splint”.

Figure 6.
Claw toe.
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6.3.2 Surgical

The mild flexible form of claw toe is amenable to correction through an FDB
tenotomy. A flexor-to-extensor transfer is recommended in case of hyperextension of
toes at the MTPJ due to unopposed pull by the extensors and intrinsic muscle group.
The Girdlestone-Taylor procedure has been used to treat claw toe deformities that can
be caused by a variety of conditions. Taylor detailed the process of dividing the FDS
and FDL tendons and then re-routing those tendons to the extensor aspect so that
they could be sutured to the extensor expansion using a technique known as the
“buttonhole” method.

7. Flat foot

Flat foot is refers to loss of the medial longitudinal arch of the foot (Figure 7). The
flat foot is also called as pes planus. It occur either congenitally or acquired.

7.1 Pathology

The foot has the two longitudinal arches (Medial and lateral), two transverse
arches (Anterior and posterior). The function of arches are shock absorption, equal
distribution of body weight and propulsion of foot during gait cycle. The obliteration
of medial longitudinal arch lead to flatfoot, the weight bearing area is increased,
navicular bone is more prominent. Uneven weight distribution causes excessive load-
ing on bones, soft tissues and affect walking pattern.

Normal feet

Figure 7.
Flat foot.
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7.2 Types of flat foot

1.Flexible flat foot: During toe standing the longitudinal arches of the foot is
present. During full weight bearing the arches are absent.

2.Rigid flat foot: During toe standing the longitudinal arches of the foot is absent.
3.Congenital flat foot: Present from the birth itself.

4.Acquired flat foot: The flat foot developed after birth.

7.3 Management
7.3.1 Conservative management

* The pain management for flat foot includes to provide the rest, activity
modification, cryotherapy, massage, and ultrasound therapy used for pain relief.

* Strengthening, stretching and proprioceptive exercises.

* Footwear modification (Medial heel wedges & navicular pads).

7.3.2 Surgical management
Flat foot are corrected by reconstructive surgery. The surgeries are:
* Tendon lengthening—The Tendo Achilles tendon is lengthened.
* Tenosynovectomy—The inflamed tissues are removed.

* Tendon transfer—The affected tendon is removed and replaced by the healthy
tendon from another part of foot.

* Ostetomy—It’s the removing and reconstructing the bone to correct the arches.

* Arthrodesis—Fusion of the joint for better stability. Triple arthrodesis procedure
commonly done to fuse all three joints in the hindfoot.

8. Pes cavus

Pes cavus is a deformity characterized by excessively high longitudinal arch of the
foot (Figure 8).

Epidemiology: Higher in adult population.
8.1 Etiology

Factors considered influential in the development of pes cavus include:
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Figure 8.
Pes cavus.

Muscle weakness and imbalance in neuromuscular disease

Congenital clubfoot

¢ Posttraumatic bone malformations

Peroneus longus tendon laceration

Contracture of the plantar fascia

* Shortening of the Achilles tendon.

8.2 Pathology

* Weakness of intrinsic muscles of the foot.

* Muscle Imbalance—Weakness of anterior tibial muscle & calf muscle.

Pathologic anatomy:

* Dropping of the foot

* Contractures of the plantar fascia

* Varus of the heal

* Clawing of the toes.

Patho-mechanics: Pes cavus feet are often called supinated or high arched. The
foot structured consists of either a high arch with a varus hind foot, a high with a
valgus forefoot or both. In pes cavus, there is increased incident of ankle instability
and stress fracture.

Kinematic studies of the gait demonstrated that covers feet in stance demonstrate
less motion during loading response and midstance than planus or neutral foot.

This reduction in motion may result in reduced absorption of ground reaction
forces and increased stress to the foot, ankle and lower limb.
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8.3 Clinical features
* High medial longitudinal arch
* First metatarsal drop and pronation
* Tight plantar fascia
* Varus heel
* Clawing of toes (late feature).

Investigations/Radiography:

* Physical examination

e X-ray.

8.4 Treatment
8.4.1 Conservative management

Conservative management of patient with painful pes cavus involved strategies to
reduce and re-distribute plantar pressure loading, with the use of foot orthoses and
specialized cushioned footwear.

Physiotherapy management:

1. Stretching of tight muscles (peroneus longus, posterior tibialis) and strengthening
of weak muscles (tibialis anterior, intrinsic foot muscles, peroneus brevis).

2.Daily manipulations, exercises, Night splints can be helpful.

3.Orthotics with depth shoes to offload bony prominences and prevent rubbing of
the toes.

8.4.2 Surgical management

1. Soft tissue surgery: Tendon release in case of over pull from the muscles.

2.Jones transfer: Extensor hallucis longus is transferred to the neck of 1 metatarsal,
with arthrodesis of the interphalangeal joint to improve dorsiflexion of the ankle
and remove the deformity force at the MTP joint and hallux.

3.Osteotomy: Dwyer’s osteotomy, Japa’s V-shaped osteotomy, Anterior tarsal
wedge osteotomy.

4.Bone wedge corrections of hindfoot and midfoot and triple arthrodesis.
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Normal Foot

Drop Foot

Figure 9.
Foot drop.

9. Drop foot

Drop foot is an inability to lift the forefoot due to the weakness of dorsiflexors of
the foot. This, in turn, can lead to an unsafe antalgic gait, potentially resulting in falls
(Figure 9).

9.1 Etiology

Compressive disorders: Entrapment syndromes of the fibular nerve at various
locations along its anatomical pathway can lead to compressive neuropathy.

Traumatic injuries: Traumatic injuries often occur associated with orthopedic
injuries as knee dislocations, fractures, blunt trauma, and musculoskeletal injuries.

Neurologic disorders: ALS (Amyotrophic lateral sclerosis).

Cerebrovascular disease (CVA).

Mononeuritis multiplex—The sciatic nerve is one of the commonly affected nerves
in this condition.

Acute inflammatory demyelinating polyneuropathy (AIDP), also called Guillain-
Barré syndrome.

Charcot-Marie Tooth (CMT) is a primary congenital demyelinating peripheral
neuropathy and is one of the most common inherited neuropathy. It affects both
motor and sensory nerves.

9.2 Pathology

The various causes lead to damage of the common peroneal nerve. The damage
occur either the compression (Neuropraxia), axonotmesis, the axon is damaged, but
the epineurium and perineurium remain intact. Neurotmesis is the most severe type
of nerve injury. Myelin, axons, and supportive connective tissue are damaged. The
injury of the common peroneal nerve leads to loss of motor supply to the dorsiflexor
muscles of ankle and foot and the patient is unable to do the dorsiflexion of the foot
this results foot drop.

9.3 Symptoms and sign

* Foot drop makes it difficult to lift the front part of the foot, so it might drag on
the floor when you walk.
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* To help the foot clear the floor, a person with foot drop may raise the thigh more
than usual when walking, as though climbing stairs.

* This unusual kind of walking, called steppage gait, might cause the foot to slap
down onto the floor with each step. In some cases, the skin on the top of the foot
and toes feels numb.

9.4 Treatment
9.4.1 Conservative management

This includes physical therapy and or splinting and pharmacological therapy to
manage pain. The goals of conservative management are to stabilize the gait, preven-
tion of falls and contractures.

AFO (splinting): Splinting is utilized to minimize contractures. For complete
nerve palsies with insufficient recovery, an ankle-foot orthosis (AFO) to prevent
further plantarflexion should be ordered.

9.4.2 Surgery

The surgeries are to correct the deformity, improve the gait pattern and functional
activity. The surgical treatments are:

* Nerve graft surgeries
* Triple arthrodesis

¢ Tendon transfer

10. Conclusion

This chapter gives us knowledge about the commonest deformities occur in the
ankle and foot complex especially the congenital deformities. In this chapter discussed
about the causes, incidence, pathology of the ankle and foot deformities and also the
anatomical and biomechanical changes in the joint, changes in the weight distribution
occur in the joints of ankle and foot due to the deformities. The various surgical
procedure to correct the deformities are discussed. The conservative management like
foot wear modification, positioning of the feet, orthosis and casting are discussed.
Thus the chapter fully concentrated on the commonest deformities in the ankle and
foot, its pathology surgical and conservative management for the deformity.
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Chapter 4

Reconstruction of the Supple
Flatfoot with the Concept of Planal
Dominance

H. John Visser and Nicole Marie Smith

Abstract

Management of the adolescent and flexible flatfoot deformity represents a complex
task. It requires biomechanical knowledge and analytic mechanics to determine defor-
mity that compensates in a primary plane of dominance. This in-depth review presents
clinical presentation, radiographic evaluation and mechanisms of occurrence. It also
will propose surgical management for three types of flatfoot deformity as seen com-
pensating in a dominant plane. In discussion of the various types, biomechanical focus
concerning articular geometry and its modes of compensation will be highlighted.

Keywords: adult flexible flatfoot deformity, adolescent flatfoot, supple flatfoot, planal
dominance, reconstructive foot and ankle surgery

1. Introduction

Although an abundance of research into the treatment of congenital flatfoot
deformity has led to improved standardization of surgical options, discrepancies
still exist in how surgeons best approach this common musculoskeletal condition.
Differences in surgical approach appear to be based on geographic location and
training. Controversy of opinion still remain on whether planal dominance actually
exists (Figure 1). The chief author’ approach tends to the theory of Root and Weed
[2]. This chapter will offer insight into flatfoot deformity that is predominant in either
the frontal, transverse or sagittal planes. While deformity certainly overlaps into the
three planes, dominance in a primary plane often exists. The foot follows the analytic
mechanical effect of Cardan coupling. A universal joint connecting rigid shafts whose
axes are inclined to each other. The presentation provided will embed a stepwise
approach to assess a patient clinically, radiographically and biomechanically. This will
determine the surgical procedures necessary to best benefit their anatomy. This will
occur once conservative measures have failed.

2. Arches of the foot

There are three main arches of the foot (Figure 2). The first represents the
medial longitudinal arch. It is constructed of three joints: talonavicular (TN),
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Figure 1.
Represents the complex geometry of planal dominance [1].
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Figure 2.
Graphic depiction of the three arches of the foot.

navicular-medial cuneiform joint (NC) and first metatarsal-medial cuneiform joint
(first met-MC). The second is represented by the lateral longitudinal arch. It is
composed of the tarsometatarsal (TMT) four and five joints as well as the calcaneo-
cuboid joint (CC). Third, the anterior transverse arch, or Roman arch, created by the
metatarsals one through three and their respective cuneiforms and metatarsals four,
five and their articulations with the cuboid.
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The medial longitudinal arch consists of two tri-planar axial joints. The TN
joint which biomechanically composes the longitudinal midtarsal joint (LMT])
axis. It deviates 15 degrees from the transverse plane and nine degrees from the
sagittal plane. Thus, it provides primarily frontal plane motion. It also consists of
the first-met MC joint, articulating with the navicular. This represents the first
ray. It angles 45 degrees with both the frontal and sagittal planes and only slightly
from the transverse plane. It thus allows primarily biplanar motion. These become
effected at forefoot load (at 15% of the gait cycle) and influenced by the ankle and
subtalar joints.

The lateral longitudinal arch is composed of TMT 4,5 joints as well as the CC joint.
The fourth metatarsal cuboid moves only in the sagittal plane. The fifth metatarsal
cuboid TMT 5 represents only motion of the fifth metatarsal. It angles 20 degrees
from the transverse plane and 35 from sagittal plane. Thus, it exhibits primarily two
planes of motion in equal amounts in the frontal and sagittal planes despite being a
tri-planar axis. Of note the central three metatarsal cuneiform joints move accord-
ing to subtalar joint and midtarsal joint motion. Whereas, the fifth ray is completely
independent of their (subtalar joint and midtarsal joint motion).

The CC joint composes the oblique midtarsal joint (OMT]) axis. It deviates 52
degrees to the transverse and 57 degrees to sagittal plane. Thus, it allows primarily
motion in those two planes despite being tri-planar joint.

The anterior transverse arch (or Roman arch as it has been described) represents
the TMT 1,2,3. These move minimally in the sagittal plane. They serve to provide
inherent stability to the anterior arch of the foot. The lateral portion of the Roman
arch remains mobile via fifth ray motion and adapts the lateral midfoot to terrain.

3. Classification of adolescent and adult flexible flatfoot deformity

This discussion will attempt and limit to classify flatfoot deformity in an adult or
adolescent that exists only in a flexible deformity. There are no associated signs of
neuromuscular (NM) weakness present. Intrinsic joint instability due to axis altera-
tion is a dominant factor. Borrelli and Smith [3] discussed the flexible flatfoot from
a planal dominance point of view. The authors described three planes of dominant
deformity. Their discussion noted primary frontal plane compensation as ST sublux-
ation. The STJ is the articulation of the talus and calcaneus. It is also known as a peri-
talar joint articulating with the navicular as well. Thus, it composes the two tri-planar
axes of the ST] and LMT] as a peritalar complex. Axis deviation altering articular
geometry creates intrinsic joint instability. Heel valgus is the primary deformity and
arch flattening leads to weight bearing over the NC joint.

Transverse plane dominance was discussed as a lateral column deformity charac-
terized by increased forefoot abduction. As will be seen, the deformity can either be
affected at the STJ or OMT] itself. In either case arch height loss occurs over the NC joint.

The medial portion TMT 1,2,3 of the transverse arch is a stable and relatively rigid
articular structure. Disease and injury can lead to abnormal joint instability. The first
met MC becomes unstable and thus exhibits abnormal clinical motion creating a mid-
foot flatfoot with loss of arch height. Weight bearing thus is primarily centered at the
medial cuneiform (1st met-MC). STJ] and MTJ compensation is normally not effected.

Sagittal plane deformity was defined by medial column subluxation. In this case
the talus within the peritalar complex is oblique and subluxed with the talar head
being weight bearing at the collapsed medial longitudinal arch.
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4. Frontal plane flatfoot deformity
4.1 Biomechanics of the frontal plane flatfoot deformity

In the case of normal biomechanical function of the STJ, the axis deviates 42
degrees to the transverse plane and 16 degrees to the sagittal plane as well as 46
degrees to the frontal plane. It is known that the joint axis is determined by joint geo-
metric anatomy. This indicates frontal plane motion signified clinically by calcaneal
eversion, and transverse plane motion noted by talar adduction related nearly 1:1.
Sagittal plane motion is much less and presented as talar plantarflexion.

Chambers in 1946 [4] discussed the concept of unsaddling of the STJ. He noted
that the posterior, anterior and middle facets were synchronized in their movement
and acted like gears. The articular surface geometry is determined by the axis. The
talus moves as a cog relative to the calcaneus. In a normal state of function talar
movement is determinant by an osseus restraining mechanism. Sigrid Zitzlsperger,
MD described this mechanics as self-locking wedges [5]. The talar concave and
calcaneal convex surfaces at the posterior, anterior, and middle facets determine talar
movement. Beginning as congruous during biomechanical function talar adduction,
plantarflexion and calcaneal eversion ultimately become incongruous and thus (lock)
preventing further talar motion. This relates to the first 25% of the gait cycle where
maximal pronation occurs and the calcaneus everts to six degrees.

When in a pathologic state and the axis becomes deviated more to the frontal
plane (less vertical) calcaneal eversion (greater than 20 degrees) will exceed talar
adduction. The joint structures (posterior, ant, middle facet) will fail to lock and
thus a loss of the osseus restraining mechanism and failure of the self-locking wedges
occurs. The end result is the supporting structures (cervical, interosseus and spring
ligaments) attempt to restrain talar movement and become strained. Talar movement
does not stop until the talar lateral process abuts into the floor of the sinus tarsi. Thus,
as the foot proceeds to 50% of the gait cycle it fails to resupinate.

Bruce Sangeorzan, MD and colleagues only recently discussed the “forward move-
ment of the talus” moving like a screw [6]. This factor of the talus sliding forward
on the calcaneal facets correlates to radiographic findings that will be discussed. The
severity of this movement is determinant upon pathologic compensatory factors such
as equinus and torsional forces.

Clinically heel valgus then exceeds the normal six degrees. The forefoot loads at
about 10% of the gait cycle. Normally the TN joint and LMT] axis compensates for the
heel valgus by six degrees of inversion. In cases of excessive heel valgus (greater than
six degrees), further forefoot compensation will occur at the first met MC/navicular
first ray. This is signified as an NC break and elevation of the first metatarsal in
reference to the second (Seiberg index). Also further compensatory forces (equinus)
strain the soft tissue about the TN joint allowing further motion. This is the concept
of forefoot supinatus. This will be discussed in more detail in radiographic analysis. In
essence, the foot fails to resupinate and thus at propulsion fails at toe off.

4.2 Radiographic evaluation of the frontal plane flatfoot deformity

When viewing the dorsal plantar (DP) view (Figure 3A), the talo-calcaneal (TC)
angle, or Harris-Beath angle is increased. Uncoverage of the talar head varies from 30 to
50% while cuboid abduction angle remains normal. This can be explained by the talus
adducting and moving forward and does not use the navicular for lateral rotation.
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Figure 3.

A:gDP view of a right frontal plane flatfoot; B: Lateral view of a vight frontal plane flatfoot with annotated
anatomical anomalies; C: Axial view of a frontal plane flatfoot; D: Clinical photograph showing the posterior
view of frontal plane flatfeet; E: Clinical photograph showing the front view of frontal plane flatfeet; F: Clinical
photograph showing the lateral view of left frontal plane flatfoot.

On the lateral view (Figure 3B), various radiographic deviations are noted. First
one notices the orientation of the posterior facet. It is angled about 75 degrees to the
weight bearing surface with the STJ axis being less vertical and more perpendicular
to the frontal plane. It can be viewed as a “pogo-stick” pulling the posterior facet into
that position tilting the entire talus forward, medial and down. We also see oblitera-
tion of the sinus tarsi. This is due to a lateral process abutment that led to stoppage of
talar movement.

The talar declination angle is increased due to the adducted plantarflexed and
forward movement of the talus. Calcaneal inclination is also decreased. This is due
to the forward position of the talus over the sustentaculum tali (STT) with weight
bearing forces pushing it downward. With associated gastrocnemius soleus equinus
contracture it pulls the posterior tuber superior and the anterior portion of the calca-
neus inferiorly. An anterior break of the Cyma line is seen. Inferior plantar gapping of
the CC joint represents excessive calcaneal eversion as the calcaneus moves away from
the cuboid.

At the midfoot level the presence of an NC fault is noted. As has been described
this represents pathologic compensation for excessive heel valgus. This is an osseous
adaption and attributes to forefoot varus. At the forefoot level, forefoot supinatus
is noted. This represents piling of the metatarsals so when viewed they all appear to
be on the same plane. With excessive equinus forces the TN joint is subluxed on the
frontal plane due to increased inversion forces that affect the capsuloligamentous
structures. The navicular, three cuneiforms and three metatarsals become aligned
with metatarsal 4 and 5. This represents a soft tissue contracture.

On the axial view (Figure 3C) we note the talus subluxed medially on the STT.
There is sloping and hypoplasia noted. This is due to the anterior talar subluxatory
weight bearing forces. This then produces functional adaptation along the lines of
force as described by the Law of Wolff [7]. There is then an obvious loss of parallel-
ity between the anterior, medial, and posterior facets. Also, the calcaneal body is in
valgus in relation to the weight bearing line of the tibia.
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4.3 Clinical evaluation of the frontal plane flatfoot deformity

When viewing the patient from behind (Figure 3D) we see excessive amounts of
heel (calcaneus valgus). Also noted is medial bulging of the talus and of note it is not
weight bearing. A positive Helbing’s sign is also seen with lateral orientation of the
Achilles tendon insertion.

On the frontal view of the patient (Figure 3E), one notes a “reverse peek-a-boo
heel sign.” With the lateral aspect of the calcaneus clearly visible due to excessive heel
valgus. Also note the lack of forefoot abduction due to forward migration of the talus
and lack of rotatory contact with the navicular.

When viewing the foot from the lateral view (Figure 3F), significant collapse of
the medial longitudinal arch is noted. One can clearly see the weight bearing center
of rotation axis (CORA) of collapse centers at the medial-cuneiform -navicular joint
(MCNYJ) with the navicular tuberosity being the apex of weight bearing. Talar bulge is
noted and significant but does not represent the weight bearing CORA of the longitu-
dinal arch collapse.

4.4 Surgical management of the frontal plane flatfoot deformity
4.4.1 Gastrocnemius and Achilles tendon contracture

The approach begins first by assessing the deforming forces of the Achilles tendon
contracture. The Silverskold test is utilized. If contracture exists with the knee
extended and eliminated when the knee is flexed, contracture of the gastrocnemius is
present. This is best approached by gastrocnemius recession. A Strayer or Baumann
type of aponeurotic release is performed. If, however the contracture persists when

Figure 4.
A: Depicts and open z-plasty proximally; B-D: Koutsogiannis osteotomy to stabilize ST] in a frontal plane
flatfoot patient; E: Gleich-Dwyer calcaneal osteotomy.
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the knee is flexed it is representative of an Achilles tendon contracture. This is best
addressed either open, frontal or z-plasty lengthening (Figure 4A), or more com-
monly percutaneous length by a Hoke technique. Two medial and a central lateral
incision is utilized cutting 1/3 of the tendon at each site. In cases of primary gastroc-
nemius contracture a two incision percutaneous approach to the Achilles tendon

can be utilized bringing the ankle only to 90 degrees. One must also be aware of the
presence of an osseus equinus. This can be best evaluated on a lateral view looking for
tibiotalar impingement lesions or flattening of the dome of the talus.

4.4.2 Posterior calcaneal osteotomy

Once the deforming force from the Achilles tendon is addressed, one then turns to
the STJ malalignment. The first option is the cresentic calcaneal osteotomy described
by Koutsogiannis [8]. Despite being a translated medial in the transverse plane, it
allows significant correction in the frontal plane addressing the heel valgus deformity
(Figure 4B). It has four primary biomechanical effects: 1. it converts the Achilles
tendon insertion from a pronator to a supinator; 2. it aligns the calcaneal tuberosity
to the STT; 3. by medial reposition it institutes gravitational forces that create closed
kinetic chain supination and thus external leg rotation; and 4. its main biomechanical
effect is that it displaces ST] motion by reducing pronation. On a maximal pronation
force to the STJ the heel remains vertical. Thus it “displaces” the range of motion but
has no effect on altering the STJ axis. The Gleich-Dwyer calcaneal osteotomy is done
through the calcaneal body via a medial approach and allows a significant corrective
force in the frontal plane. It can be done laterally where a medial wedge is cut in the
medial side of the calcaneus (Figure 4C).

4.4.3 ST] arthvoeresis

The second option to address ST] malalignment in the frontal plane, is utilization
of STJ arthroeresis. Voegler [9] originally described arthroeresis into three separate
categories (Figure 5A-C).

The first is “self/locking wedges” (Figure 5A) which represent the most common
of arthroeresis implants. They are cylindrical implants that are inserted into the
canalis tarsi. They serve to center the calcaneus in a vertical position in reference to
the ankle joint. They also resaddle the talus into the ST] mortise. Thus while preserv-
ing supinatory motion they restrict pronation significantly. This is noted clinically by
decreased calcaneal eversion, talar adduction as well as PF and forward migration of
the talus. This form of arthroeresis provides corrective force to the STJ and alters its
axis. In the past this was addressed with opening-wedge type osteotomy directed at
the STT (anterior and middle facet).

The Selakovich opening wedge osteotomy (Figure 5D) was performed at the
sustentaculum level. It served to reposition the anterior and middle facets parallel to
the weight bearing surface and re-establish talar head support. The Baker and Hill
opening wedge osteotomy of the posterior facet (Figure 5E) was created when it was
noticed with STJ correction when performing an extra-articular Grice arthrodesis
on a young patient with cerebral palsy a large gap was noted at the level of the pos-
terior facet. Thus, rather than performing the arthrodesis they embarked with an
opening wedge osteotomy of the posterior facet and restored its congruency. Both
of these osteotomies serve to alter the axis of the ST] and re-established its locking
mechanism.
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Figuress.

A-C: depict the Vogler classification for three arthroeresis options; D: diagram of Selakovich opening wedge
osteotomy of the sustentaculum tali; E: diagram of posterior facet osteotomy with bone graft as described by Baker
and Hill; F: diagram of chambers procedure demonstrating application of arthroeresis concept with use of bone

graft.

The second implant type is the axis altering represented by the Smith Subtalar
Arthroeresis (STA) peg (Figure 5B) [10]. Based on the Chambers procedure
(Figure 5E) it is placed in front of the posterior facet where it is notched at 90 degrees
to the anterior portion and thus raised the floor of the sinus tarsi. It then serves to
restrict talar pronatory motion and restores the posterior facet locking mechanism.

The third type of arthroesis implant are the blocking devices (Figure 5C). Smith
altered his STA peg to have an inclined anterior thickness to block the talus in adduc-
tion by “jamming” the lateral process. Pisani [11] placed a 3.5 mm screw in front of
the lateral process in the floor of the sinus tarsi. The ST] was placed in its corrected
neutral position and screw placed perpendicular in front of the lateral process. In
essence, all three types of arthroesis implants lead to axis alteration in the adolescent.
Functional adaption of the anterior, middle, and posterior facets then occurs along
the lines of corrective forces as described by Wolff.

Once the STJ is stabilized in the frontal plane, one then turns to address the
medial longitudinal arch (medial column changes). As stated prior an NC fault
is seen as a persistent fault in the frontal plane. This is a result of compensation
for equinus and heel valgus. In cases where the fault appears subtle, a “reverse
Coleman block test” may be utilized (Figure 6A). With this test, blocks are placed
under the forefoot and the amount of block height needed is to bring the calcaneus
to a vertical position. A lateral X-ray is taken and a fault if present will be clearly
demonstrated.
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Figure 6.

A:greverse Coleman block test used to assess the presence of medial column fault. Block placed under the forefoot

to identify NC fault; B: surgical approaches addressing equinus present in a frontal plane flatfoot patient; C: Jack
test on a right foot to activate the windlass effect; D—F: cotton osteotomy, Lapidus, hoke navicular trans cuneiform
fusion; G: Miller procedure.

In the adolescent and some adults the NC fault can be corrected by Achilles/gastroc-
nemius lengthening and STJ stabilization (Figure 6B). These procedures address the
forefoot supinatus component. In these cases, functional adaption at the NC joint has
not occurred. Another way to determine this condition pre-operatively is to perform
Jack test (hallux dorsiflexion creating a windlass mechanism action) (Figure 6C).

If the NC fault present on the pre-operative weight bearing x-ray reduces, then
there is no need to perform a medial column procedure. In cases where the NC fault
persists on performance of the Jack test (first ray compensation), functional adaption
occurs by sagittal compression forces about the dorsal portion of the NC joint. Thus, a
true forefoot varus is present.

In these cases a cotton osteotomy (opening wedge of MC) or a plantarflexory MC
(Mosca) osteotomy is performed. Also, the Hoke type navicular cuneiform fusion
which includes the intercuneiform joint is an option. This can also be incorporated
with wedging to address additional forms of forefoot abduction. The sagittal plane
Lapidus procedure can be considered in the adolescent and addresses the NC fault.
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It can also be also utilized as a tri-planar correction in the presence of associated
hallux abducto valgus deformity (Figure 6D-F). A Miller procedure (Figure 6G) is
considered in the case of a longstanding severe equinus and heel valgus. This can lead
to a combined medial fault involving the NC and first met-MC joints.

5. Transverse plane flatfoot deformity-subtalar type

5.1 Biomechanics of the transverse plane flatfoot deformity-subtalar type

In the case of the transverse plane dominated flatfoot deformity we see the axis
(facet geometry) in a more vertical orientation (Figure 7). In this case transverse
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Figure7.

A: depiction of the transverse plane axis; B: DP view of a transverse (subtalar type) plane flatfoot; C: lateral
view of a transverse (subtalar type) plane flatfoot; D: axial view of transverse (subtalar type) plane flatfoot; E:
clinical photograph showing the posterior view of transverse (subtalar type) plane flatfeet; F: clinical photograph
showing the front view of transverse (subtalar type) plane flatfeet.
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plane (talar adduction) exceeds frontal plane calcaneal eversion. The predominant
deformity is forefoot abduction. There are two separate etiologies that lead to exces-
sive forefoot abduction.

The first is generated the subtalar joint level. In this case, a significant amount of
talar adduction occurs noted with an increase in the TC angle. However, the lateral
column of the MTJ CC joint remains normal indicating that forefoot abduction is
occurring about lateral translation of the navicular. Heel valgus occurs but remains
in the 10-12 degree range. When viewing the lateral view an NC break is noted but is
mild and reactant to equinus and heel valgus.

5.1.1 Radiographic evaluation of the transverse plane flatfoot-subtalar joint type

When evaluating the DP view there is a noted significant increase in the TC
angle (Harris Beath) (Figure 7B). However, there is no sign of an increase in cuboid
abduction (CA) angle. On the lateral view (Figure 7C) there is a paradox as there
is a mild NC break but Meary’s angle appears as normal. To explain this one can see
the posterior facet (a more vertical axis) appears more parallel to the weight bearing
surface. When using the pogo-stick is appears more perpendicular to the weight bear-
ing surface. As the talus thus goes through its excess adduction motion the anterior
and middle facets being more parallel to the posterior facet is supported through its
full range of motion on the axial view image (Figure 7D). There is minimal PF and
forward movement noted.

5.1.2 Clinical presentation of the transverse plane flatfoot-subtalar joint type

When viewing the patient from behind (Figure 7E) one can see a lesser amount
of heel valgus at about 10 degrees. Talar bulge is noted. Also, the classic “too-many-
toes sign” is present signifying increased forefoot abduction. When viewing the
patient from the front (Figure 7F), one can see a significant amount of talar bulge
but it is not weight bearing. As can be seen with a more vertical STJ large increases in
talar adduction are accommodated by the STT in rotation of the navicular as well as
the remaining forefoot occurs. The arch is lower but weight bearing CORA occurs at
the NC joint.

5.2 Biomechanics of the transverse plane flatfoot deformity-midtarsal type

In the second case, forefoot abduction is generated at the midtarsal joint level
or CC (OMTY). In this case as the talus moves into its locked adducted position the
OMT]J becomes unlocked. The result is that forefoot abduction occurs primarily
about that joint. The talus “locked” into the ankle mortise leads to prominence of the
medial malleolus. This is created by closed kinetic chain pronation. There is a small
amount of heel valgus (approximately eight to ten degrees) and associated equinus
contracture, that serves to flatten the longitudinal arch about the NC joint. Also, the
dorsiflexion component about the CC joint serves to lower the lateral portion of the
longitudinal arch.

5.2.1 Radiographic evaluation of the transverse plane flatfoot-midtarsal type

When viewing the DP view (Figure 8A), again an increase in the TC angle is
noted but there is also a significant increase in the CA angle. A paradox exists with
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Figure 8.

A: DP view of a transverse (midtarsal type) plane flatfeet; B: lateral view of transverse (midtarsal type) plane
flatfeet; C: clinical photograph showing the posterior view of transverse (midtarsal type) plane flatfeet; D: clinical
photograph showing the front view of transverse (midtarsal type) plane flatfeet; E: clinical photograph showing the
side view of transverse (midtarsal type) plane flatfeet; F: Evans calcaneal osteotomy with screw and plate fixation.

the lateral view (Figure 8B) with a mild NC fault (greater than 6 degrees of heel
valgus and a near normal Meary’s angle). In this case the pronation of the STJ leads to
unlocking of the midtarsal joint and forefoot abduction being generated at this level.

Arch lowering thus occurs at the first ray and OMTJ “dorsiflexion.”
5.2.2 Clinical presentation of the transverse plane flatfoot-midtarsal joint type

When viewing the patient from behind again, (Figure 8C) one can see heel
valgus of about 8-10 degrees. There is an associated “too-many toes sign” indicating
increased forefoot abduction. When viewing the patient from the front no significant
talar bulge is noted. The medial malleolus is what appears prominent (Figure 8D).
This corresponds with the increased talar adduction but internal tibio-fibular rotation
as part of closed kinetic chain pronation. Forefoot abduction is noted here as a result
of the unlocked CC joint OMT]. Dorsiflexion also occurs to lower the longitudinal
arch laterally and leads to lowering of the medial longitudinal arch (Figure 8F).
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5.3 Surgical management of transverse flatfoot-midtarsal and subtalar types

To be able to differentiate between the two types clinically, one first places the
patient’s STJ in a neutral or slightly supinated position. If the forefoot remains locked,
then a STJ stabilizing procedure is performed along with a posterior group lengthen-
ing. This can be represented by either a posterior calcaneal osteotomy (Koutsogiannis,
Gleich-Dwyer) or arthroeresis. The medial column may need a Cotton (opening
wedge medical cuneiform osteotomy) or a plantarflexed medial cuneiform osteotomy
(Mosca) [12].

If, however when the STJ is placed in a neutral or slightly supinated position, and
the forefoot becomes unlocked, then one would address the deformity at the OMT]
level with an Evans opening wedge calcaneal osteotomy (Figure 8F) or opening-
wedge osteotomy of the cuboid. Similarly, an equinus release may be required as well
as a medial column procedure of a Cotton or a PF medial cuneiform osteotomy.

5.3.1 Biomechanics of the transverse plane flatfoot-Kidner foot

When considering a Kidner-type flatfoot one must be aware of the three types of
accessory navicular bone. The type I represents the true accessory or sesamoid bone
called the os tibiale externum (Figure 9A). The second is a so called “pre-hallux” or
Gorilloid navicular (Figure 9B). It represents a syndesmotic “fibrous” articulation
with the main body of the navicular. The third is cornuate navicular which represents
an enlarged navicular tuberosity (Figure 9C).

In most instances it is the type II accessory navicular that proves to be symp-
tomatic. In this case, the insertion of the tibialis posterior tendon engages primarily
the accessory portion. As a result, it becomes functionally weakened. The result
is a destabilization of the peritalar complex leading to pronation. The net result is
increased talar adduction, plantarflexion and calcaneal eversion. The distal tendinous
investments across the midfoot become less effective. With functional alteration
of the main insertion of the tibialis posterior tendon and a mechanical advantage
to the peroneus brevis is gained. The result is increased forefoot abduction that can
be generated at the STJ level but also can evolve about the midtarsal joint (OMT]J).
Equinus also can represent a deforming force. Recently fusion or arthrodesis has been
performed to stabilize the tibialis posterior tendon function and spring ligament. This
was performed on type II navicular conditions [13].

5.3.2 Radiographic evaluation of the transverse plane flatfoot-Kidner foot

In the type I, one can see the presence of an os tibiale externum. In the type II, an
associated synchondrosis is present with the main navicular body. The type III has
an enlarged cornuate tuberosity. On the DP view (Figure 9D), there is an increase
in the TC angle. The CA angle in most instances is increased. On the lateral view
(Figure 9E) there is increased talar plantarflexion and a decrease CI. There is also the
presence of a NC break. Meary’s angle is decreased due to the inherent degree of heel
valgus and equinus.

5.3.3 Clinical presentation of the transverse plane flatfoot-Kidner type

When viewing the patient from behind (Figure 9F) one notes an increased
amount of heel valgus with 12-14 degrees. There is also the presence of forefoot
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Figure 9.

A: DP view depicting a type I accessory navicular bone; B: DP view depicting a type II Gorilloid navicular bone;
C: DP view depicting a type III cornuate navicular bone; D: DP view of a transverse (Kidner type) plane flatfoot;
E: lateral view of a transverse (Kidner type) plane flatfoot; F: clinical photograph showing the posterior view of
transverse (Kidner type) plane flatfeet; G: clinical photograph showing the dorsal view of transverse (Kidner type)
plane flatfoot; H: clinical photograph showing the lateral view of transverse (Kidner type) plane flatfoot; I: Kidner
procedure showing removal of navicular tuberosity; J: pre-operative (left) and post-operative radiographs (vight).

abduction noted by the “too-many-toes sign.” One also notes the increased girth
and enlargement due to the enlarged navicular tuberosity. Viewing the patient from
the front or dorsal view (Figure 9G), one notes increased forefoot abduction and
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enlarged prominence of the navicular tuberosity. When viewing the patient from the
side (Figure 9H), one notes weight bearing primarily over the navicular tuberosity.

5.3.4 Surgical management of transverse plane flatfoot-Kidner type

Initial evaluation includes the Silverskold test to determine presence of gastrocne-
mius or soleus equinus present. Depending, a Bowman or Strayer technique is utilized
for gastroc-soleus contracture and a Hoke percutaneous lengthening for gastroc-
soleus contracture.

In the case where on the DP view there is an increased TC angle but the CA
angle remains normal, a posterior type Koutsogiannis calcaneal osteotomy is
performed. If there is also an associated increase in the CA angle, an Evans type
opening wedge type osteotomy of the calcaneus is performed. A double calcaneal
osteotomy is considered in the presence of more severe signs of instability at the
TC and CC joints.

Next step is the performance of Kidner procedure itself. This involves surgi-
cal excision and resection of the remaining body parallel to the talus and medial
cuneiform (Figure 91I). Resection of the navicular body is done at an angled
approach. As the resection begins superior it angles medial to lateral when reaching
the inferior portion. The result is the tibialis posterior tendon is tensioned with the
foot fully supinated at the rearfoot and pronated at the forefoot. This is done with
a suture anchor technique. This often will correct the NC fault but in some cases a
Cotton opening medial wedge osteotomy or Mosca-type closing wedge osteotomy
is needed. The Mosca-type plantarflexory osteotomy does create increased forefoot
adduction (Figure 9J).

5.4 Biomechanics of the transverse plane flatfoot-Lisfranc type

In this case there has been injury, involving Lisfranc’s ligament or degenerative
changes of the medial pillar of Lisfranc’ joint. This involves the medial (first-met-
MC) and central columns (TMT 2, 3). As is known these three joints demonstrate
only mono-planar motion. When injury to the deep (plantar) portion of the Lisfranc’s
ligament occurs, resultant tri-planar instability occurs at the first-met-MC and
bi-planar compensation at TMT 2,3. With this instability the first metatarsal dorsi-
flexes, everts and abducts. This leads to lowering of the arch at the medial cuneiform
level and creates a midfoot flatfoot. The central column (TMT 2,3) also dorsiflex and
abduct and lower the transverse (Roman) arch. This also serves to shorten the lever
arm of the foot which leads to a significant mechanical advantage to the gastrocne-
mius soleus muscle group and thus equinus contracture. With this pathologic hyper-
mobility pronatory forces are compensated solely at those levels. The clinical result is
a midfoot flatfoot with the CORA at the MC joint. Thus, STJ and MTJ] compensation
will rarely occur, but can in longstanding cases.

5.4.1 Radiographic evaluation of the transverse plane flatfoot-Lisfranc type
On the DP view (Figure 10A), one sees shortening (lateral rotation of the first
metatarsal on the medial cuneiform). There is a lateral step off of the second and

third metatarsals on their respective cuneiforms. Degenerative joint disease occurs
dependent on deformity longevity. One notes normal TC and CA angles.
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Figure 10.

A:gDP view of transverse (Lisfranc’s type) plane flatfeet; B: lateval view of transverse (Lisfranc’s type) plane
flatfeet; C: clinical photograph showing the front view of transverse (Lisfranc type) plane flatfoot; D: clinical
photograph showing the side view of transverse (Lisfranc type) plane flatfoot; E: interpositional allograft vequired
as large gap is present upon repositioning of the first metatarsal for surgical management of transverse flatfoot-
Lisfranc type; F: surgical management of transverse plane (Lisfranc type) flatfoot.

On the lateral view (Figure 10B), one notes a dorsal step off of the first metatarsal
base to the MC indicating joint instability. Also, the fifth metatarsal is parallel to the
floor indicating increased lateral column instability. The talar declination and CI
angle remain normal indicating lack of STJ and MTJ compensation.

5.4.2 Clinical presentation of the transverse plane flatfoot-Lisfranc type

From behind, the calcaneus may show some compensatory eversion, but in most
cases, the STJ and MT]J are not involved in compensation.

On a front view (Figure 10C), the forefoot is abducted at tarsometatarsal joint
with the ankle aligned.

On a side view (Figure 10D), the arch is flattened to ground with medial cunei-
form weightbearing and loss of transverse arch.
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5.4.3 Surgical management of transverse flatfoot-Lisfranc type

The initial approach requires equinus contracture determinant by the
Silverskold test. This is effected by the shortened lever arm and most often repre-
sents a gastrocnemius contracture. Thus, a Bowman or Strayer-type lengthening is
performed.

Next, one must address the instability and if present the degeneration of the
medial and central columns. It is critical that the first-met-MC joint be re-established
in its plantarflexed, adducted and inverted position. This requires arthrodesis and
in some instances due to shortening an interpositional auto or allograft is needed
(Figure 10E).

The central column (TMT 2, 3) require plantarflexion and adduction to re-
establish proper joint alignment by arthrodesis. Care must be performed not to allow
shortening or elevation of those respective metatarsals. Any instability or deformity
of the lateral column (TMT 4, 5) is addressed by re-alignment and k-wire fixation, no
attempt of arthrodesis is performed at this level (Figure 10F).

6. Sagittal plane flatfoot deformity
6.1 Biomechanics of the sagittal plane flatfoot deformity

In this deformity centering is about the peritalar complex. The axis in this situa-
tion will tilt 45 degrees sagittal, 30 degrees to the frontal and 15 degrees to the trans-
verse planes. The result is a severely maligned talus with significant subluxation at the
calcaneus and navicular. This condition has been referred to as an oblique talus. The
deformity is semi-flexible. The talus is nearly dislocated at the navicular and subluxed
off the STT. Resulting in severe heel valgus with the talar head being weight bearing.
There is some amount of translation of the talar articular surface with the navicular.
Leading to a mild increase in forefoot abduction noted as an increased CA angle. Also,
abhorrence of the TN (LMTYJ) axis allows excessive motion in response to the severe
heel valgus and equinus.

6.2 Radiographic evaluation of the sagittal plane flatfoot

On the DP view (Figure 11A) there is a significant increase in the TC angle. The
uncoverage angle can be near 70% or greater. There is an increase in the CA angle

leading to increased forefoot abduction.

The axial view (Figure 11B) will note hypoplasia of the sustentaculum with the
talus subluxed medial and forward. Loss of facet parallelity is present. The anterior
and middle facets are not visualized.

On the lateral view (Figure 11C) the talus is oblique and an uncharacteristic TN
fault is present. The neck of the talus is shortened due to increased compressive
intraarticular forces created by the semi flexible, subluxed condition and associated
severe equinus. The calcaneal inclination angle (CI) is often negative due to the weight
bearing force directed forward and medial at the STT. Equinus force also pulls the
calcaneal tuber superiorly. Forefoot supinatus is noted as a piling of the metatarsals
due to the longitudinal midtarsal joint abhorrence and alteration. One when viewing
the axial and lateral views would consider a STJ coalition.
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Figure 11.

A: DP radiograph view of a left foot sagittal plane flatfoot; B: axial radiograph view of a sagittal plane
flatfoot; C: lateral radiograph view of a left foot sagittal plane flatfoot; D: clinical photograph showing

the lateral view of right sagittal plane flatfoot; E: clinical photograph showing the posterior view of

sagittal plane flatfeet; F: clinical photograph showing the front view of sagittal plane flatfeet; G: surgical
management of a sagittal plane flatfoot depicting sub-capital talar head wedge resection; H: proposed surgical
management of a sagittal plane flatfoot with z-plasty of tendoachilles lengthening, Koutsogiannis calcaneal

osteotomy.
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6.3 Clinical presentation of the sagittal plane flatfoot

When viewing the patient in a non-weight bearing position (Figure 11D) the
foot appears flattened with loss of the longitudinal arch. This differs from frontal
and transverse plane dominated flatfoot deformities which are flexible and the arch
appears normal where the longitudinal arch collapses with weight bearing. The lack of
flexibility due to TN subluxation allows this clinical condition.

When viewing the patient from behind (Figure 11E) one notes severe heel valgus,
the plantar heels are not weight bearing secondary to the severe equinus contractures.
There is considerable increased girth of the foot due to significant subluxed position
of the talus. It appears similar to a patient with a STJ coalition.

One can see when viewing the patient from the front (Figure 11F) one can see
severe hallux abducto valgus but the forefoot is abducted in the transverse plane.
Weight bearing and CORA occur at the talar head level.

6.4 Surgical management of sagittal plane flatfoot deformity

The initial approach is to address the equinus contracture that involves the Achilles
tendon. An open z-plasty is required to allow sagittal plane correction of the calca-
neus (to increase the calcaneal pitch). A biplane calcaneal osteotomy corrects valgal-
ization and create a vertical heel position. The calcaneal pitch is also corrected.

Due to the fact it is an adolescent or young adult, one needs preserve joint func-
tion and avoid arthrodesis if possible. Thus, a talar closing sub capital adductory
wedge osteotomy allows correction of the TN fault by shortening the medial column
(Figure 11G). A Steinmann pin is utilized to correct the compensatory soft tissue
contracture of forefoot supinatus by de-rotation around the TN joint. The osteotomy
is secured with a staple. One can see by the dissection technique that preservation of
the blood supply to the talus is accomplished (Figure 11H). It may require lengthen-
ing of the tibialis anterior tendon to fully reduce the deformity.

7. Conclusion

In the clinical pictures presented below, the concept of planal dominance via Cardan
coupling is presented. Considering primary frontal plane compensation. Figure 12.1A
demonstrates collapse of the medial longitudinal arch. Clearly the point of weight bear-
ing CORA lies at the navicular and MC articulation. In Figure 12.1B, one notes significant
calcaneal valgus exceeding 12-16 degrees. In Figure 12.1C, one sees the reverse “peek-a-
boo” heel sign due to increased heel valgus but also the forefoot is relatively well aligned.

Considering transverse plane dominance we can see four separate modes of
compensation. In Figure 12.2A, we see ST] compensation with extreme medial talar
bulging but the talus not the CORA of weight bearing. A large amount of forefoot
abduction at the TN level and a lowered arch with weight bearing at the NC joint. In
Figure 12.2B, we see the midtarsal joint level, compensation with increased forefoot
abduction but prominence medially is the medial malleolus. Arch collapse over the NC
joint in Figure 12.3C. A Kidner foot with significant forefoot abduction at the midtar-
sal joint level due to the mechanical imbalance of the peroneus brevis. Again, the NC
serves as the weight bearing CORA of the longitudinal arch. Figure 12.2D, we have
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Frontal Plane Transverse Plane Sagittal Plane

Figure 12.
Summary chart with images depicts the vavious planal appearances of flat feet.

the “midfoot flatfoot” due to a Lisfranc’s medial and central column insufficiency.
The weight bearing CORA is at the medial cuneiform itself. Forefoot abduction is
at the metatarsal level itself as well as medial and central column of Lisfranc’ joint.

In sagittal plane primary compensation one sees from Figure 12.3A, from behind,
severe heel valgus, the calcaneus not weight bearing due to severe equinus. Significant
increase in medial girth is present from the oblique positioning of the talus. On
Figure 12.3B, clearly the CORA is at the talar head itself where the longitudinal arch
appears broken.

Thus not all flatfeet are the same. Axis alteration due to joint morphology deter-
mines the major plane of compensation amongst these multiple tri-planar joint.
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Chapter 5

Hindfoot Pathologies

Elif Tugce Cil

Abstract

Foot pain (FP) is widespread throughout the population, with prevalence
estimates ranging from 17 to 30%, while a comprehensive study found that more than
one-quarter of people over the age of 45 have regular hindfoot pain (HP). HP has
been linked to limitations in daily living activities, poor balance, gait issues, and poor
health-related quality of life. According to studies, at least two-thirds of people have
moderate functional daily living issues. Aging, female gender, obesity, chronic medi-
cal conditions (such as osteoarthritis and diabetes), biomechanical factors (excessive
external rotation of the lower extremity, increased pronation of the subtalar joint,
plantar flexor weakness, Achilles tendon shortening), and anatomical changes (pes
planus, pes cavus) have all been identified as risk factors for HP. People with HP have
bone and soft-tissue overload, foot anatomic disorders, and a decreased range of
motion (especially ankle dorsiflexion). There are several hindfoot pathologies that
can lead to HP. The aim of this study is to overview the pathologies of the hindfoot
that cause hindfoot pain.

Keywords: disorder, foot, hindfoot, pain, pathologies

1. Introduction

The hindfoot is the area of the foot located behind the ankle joint, and it is made
up of several bones, including the calcaneus (heel bone), talus (ankle bone), and the
navicular and cuboid bones [1]. The hindfoot is an important part of the foot and
ankle, as it provides support and stability when standing and walking [2]. However,
the hindfoot is also susceptible to a wide range of pathologies that can cause pain,
swelling, and difficulty moving the foot and ankle [2, 3].

Hindfoot pathologies can be caused by a variety of factors, including overuse,
trauma, degeneration, and underlying medical conditions [3]. Some common hind-
foot pathologies include posterior tibial tendinopathy, flexor halluces longus tendi-
nopathy, posterior ankle impingement syndrome, heel contusion, calcaneal and talar
stress fractures, rheumatoid arthritis of the hindfoot, Paget disease of the hindfoot,
osteomyelitis of the calcaneus, and metastatic disease of the foot and ankle [3, 4].

Symptoms of hindfoot pathologies may include pain, swelling, and tenderness in
the affected area, as well as difficulty moving the foot and ankle [2, 3]. The condition
may also cause deformities or other changes in the appearance of the foot and ankle
[4, 5]. Hindfoot sensations occur beneath the ankle and are sometimes mistaken for
ankle discomfort [5, 6]. Flat feet and soreness are caused by issues such as posterior
tibial tendon insufficiency. On the inside or outside of hindfoot, pain might occur [6].
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Chronic Overuse tendon Traumatic conditions Medical conditions
conditions conditions
Plantar fasciitis Peroneal tendon injury Posterior ankle Rheumatologic disease

impingement syndrome

Tarsal tiinel Posterior tibial Heel contusion Paget disease

syndrome tendinopathy

Achilles Flexor hallucis longus Calcaneal & talar stress Osteomyelitis of

tendinopathy & tendinopathy fractures calcaneus

hallung deformity

Sindis tarsi Sickle cell disease

syndrome

Piezogenic papules Gout

Subtalar arthritis Metastatic disease
Table1.

Categorization of hindfoot pathologies.

This also causes symptoms of weakness and instability around the ankle and hindfoot
[2, 3]. Stress fractures, ankle instability, and peroneal tendonitis can all be caused
by having a high-arch foot [4, 5]. Arthritis can also affect the hindfoot, causing dull
discomfort, stiffness, and deformity later on. Swelling or edema in the hindfoot area
may indicate inflammatory or joint soft-tissue processes [6]. It is important to seek
medical treatment for hindfoot pathologies to prevent the condition from worsening
and to maintain good function of the foot and ankle. Early diagnosis and treatment
can help to alleviate symptoms and prevent further damage to the foot and ankle.

The pathologies that present with HP are presented in Table 1.

2. Hindfoot pathologies
2.1 Chronic conditions
2.1.1 Plantay fasciitis (PF)

The most common cause of plantar heel pain is plantar fasciitis, which is a chronic
degenerative irritation of the plantar fascia origin at the medial calcaneal tuberosity
as well as surrounding perifascial structures such as the plantar aponeurosis of the
foot [7]. This condition is primarily a degenerative process [7, 8]. Histologic samples
from PF patients undergoing plantar fascia surgery demonstrate myxoid degeneration
with fragmentation, collagen disarray, granulation tissue, micro-tears, bone marrow
vascular ectasia, and lack of traditional inflammation [8, 9]. Additionally, ultrasound
assessment often finds calcifications, tears, thickening, and plantar fascia hetero-
geneity. These changes, commonly seen on ultrasound, induce a non-inflammatory
condition and dysfunctional vasculature. According to these findings, the condition
is a degenerative fasciosis without inflammation, not fasciitis. That is why plantar
fasciopathy is a more accurate definer. Although the diagnosis includes the portion
“itis,” the condition is characterized by a lack of inflammatory cells [8, 9].

Although the decisive incidence and prevalence of PF by age are unclear, esti-
mations show that it affects roughly 10% of the general public, with 83% of these
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patients being active working individuals aged 25-65 [10]. Additionally, it is common
in athletic and sedentary populations and associated with a diversity of sports but is
primarily reported in elite and recreational runners with 5-10% incidence [7, 10].

The reason for PF is multifactorial, but most cases are due to overuse stress. A
heel spur may be found in some cases, but it is not a causative factor. It often takes
place in middle-aged (40-60 years) women and is vast in military servicemen, long-
distance runners (repetitive strain), and obese people (BMI >27 kg/m2) [10, 11]. Pes
planus, pes cavus, limited ankle DF, and excessive pronation or supination are all
predisposing factors. The gastro-soleus and other posterior leg muscles are fre-
quently observed to be tight. Tight muscles can alter typical motion biomechanics.
Weight-bearing, age, leg length asymmetry, heel pad atrophy, vocations requiring
extended standing, and low-heeled shoes with solid bottoms or tightly fitting shoes
are additional risk factors [9-11].

Patients will generally present with low-medial heel progressive pain. In more
complicated situations, the pain might radiate proximally. The pain is commonly
described as severe and worse with the first few steps in the morning by patients. Long
durations of standing or sitting will further aggravate the discomfort. The pain usually
subsides after ambulation or the start of athletic activity but often returns later in the
day [11, 12]. It may be replicated in most cases by palpating the plantar medial calcaneal
tubercle and passive DF of the toes and foot. The windlass test refers to the passive DF
of the first metatarsophalangeal joint (positive) [7, 11]. Second, the causative factors
may contain a tight AT and pes cavus or planus. That is why assessing a patient’s gait
may be beneficial [10, 11]. Stress fractures, fat pad contusion or atrophy, and nerve
entrapments such as tarsal tunnel syndrome should all be examined in the differential
diagnosis of PF [7]. In most cases, clinical diagnosis and imaging are not required [8].
If there is another indication of other injuries or if the patient fails, it may be essential
to obtain X-rays or an ultrasound evaluation. Soft-tissue calcifications or heel spurs
on the inferior surface of the heel may be seen on X-rays or ultrasonic assessment. The
plantar fascia may seem thickened and swollen on ultrasound. Ultrasound findings
consistent with PF contain plantar fascia thickness greater than 4.0 mm. If the patient
does not respond to conservative therapy after more prolonged periods, then MRI
may be considered to assess for fascial tears, stress fractures, or osteochondral defects.
Additionally, MRI can demonstrate increased plantar fascia thickness and signal inten-
sity. For evaluating and distinguishing PF, ultrasonography is a cost-effective, precise,
and dependable alternative to MRI. Plain radiography can detect bone abnormalities,
and lateral heel radiographs can reveal a heel spur. Even though people with chronic HP
are more likely to have a spur, it can remain after symptoms resolve [7, 11, 13].

Most cases are managed non-surgically (90%), but the recurrence of pain is an
obstruction. An inter-professional approach is necessary because there is no single
treatment for everyone. Even when a treatment option works, symptoms frequently
take weeks or months to subside [10-12]. It is important to note that surgery for PF
is usually only recommended for patients who have not responded to other forms of
treatment and are experiencing severe, chronic pain. Plantar fasciitis can be treated
surgically using a variety of techniques. These are some examples: plantar fascia
release, calcaneal spur excision, tenotomy, and neurectomy. It should be noted
that surgery for plantar fasciitis is usually only indicated for people who have not
responded to other treatment options.

It is also worth noting that surgery carries risks and is not always successful in
relieving pain. It is important to carefully consider all treatment options and discuss
the risks and benefits with a healthcare provider before deciding on surgery.
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2.1.2 Tarsal tiinel syndrome

Tarsal tunnel syndrome is a condition that involves compression of the posterior
tibial nerve, which runs through the tarsal tunnel in the hindfoot. The tarsal tunnel
is a narrow passageway in the ankle that is formed by bones, ligaments, and tendons.
The posterior tibial nerve passes through this tunnel to provide sensation to the foot
and toes [14].

Symptoms of tarsal tunnel syndrome may include:

* Pain in the foot, ankle, or toes

* Numbness or tingling in the foot and toes

* Burning or aching sensation in the foot and toes
* Difficulty in the foot or toe mobility

Tarsal tunnel syndrome is often caused by overuse, injury, or other conditions that
put pressure on the posterior tibial nerve. It can also be caused by structural abnor-
malities in the foot, such as flat feet or high arches [15].

Treatment for tarsal tunnel syndrome may include rest, ice, physical therapy,
stretches, and over-the-counter or prescription pain medication. In some cases, a
splint or brace may be used to support the foot and reduce pressure on the nerve.
Surgery may be necessary if other treatments are not effective [14, 15]. Tarsal tunnel
syndrome is usually treated conservatively; however, in some cases, surgery (tarsal
tunnel release, decompression surgery, nerve decompression) may be necessary to
relieve the pressure on the tibial nerve.

2.1.3 Achilles tendinopathy (AT) ¢ Haglund deformity

Tendinopathy is the degeneration or inability to heal the tendon due to recurrent
stress without proper recuperation. AT is a widespread overuse injury, resulting from
excessive compression or triceps surae mechanical loading [16]. It divides into mid-
portion (non-insertional) and insertional tendinopathy. Discomfort at 2-6 cm from
the calcaneal insertion and insertional pain at the Achilles tendon insertion make up
the mid-portion. AT is a clinical diagnostic that occurs when a patient has localized
discomfort, Achilles tendon edema, and loss of function. In terms of pain localization,
Achilles tendon injuries are divided into three categories: midportion tendinopathy
(55-65% of injuries), insertional tendinopathy (20-25%), and proximal musculoten-
dinous junction injuries (9-25%) [16-18]. On the other hand, patients have discomfort
at the insertion and midportion simultaneously, with around 30% experiencing
bilateral pain. Tendinopathy is also marked by increased tissue thickness (tendinosis),
alack of typical collagen, an increase in proteoglycans, and a general breakdown in
tissue structure [16, 18]. In both asymptomatic and symptomatic tendons, these struc-
tural alterations increase cross-sectional area, reduce tendon stiffness, and modify
viscoelastic properties. Furthermore, tendon alteration (tendinosis) is commonly
accompanied by other disorders, such as the spread of intratendinous calcifications,
bone abnormalities, and the retrocalcaneal bursa in the insertional one [16, 17].

The risk of developing AT is assumed to be multifaceted, with intrinsic and
extrinsic variables contributing to either a reduction in load tolerance or a change in
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movement-pattern stress on the tendon. Reduced PF strength, hip neuromuscular
control problems, abnormal DF and subtalar-joint ROM, increased foot pronation,
and body weight are all intrinsic risk factors that can be determined. Aside from
family history, systemic illness and genetic variations have also been identified as
inherent risk factors [17, 19]. Tendinopathy and tendon rupture have been connected
to fluoroquinolone antibiotics, with symptoms appearing 8 days after therapy begins.
Sport involvement, footwear, surface, training-load mistakes (such as an immediate
increase in training length or intensity, a reduction in recovery time), and ambient
variables have all been linked to AT development because of a lack of data [18, 19].

The primary symptoms are pain and decreased function. Patients generally
explain a gradual onset of symptoms with morning stiffness or after prolonged sit-
ting, pain with palpation and activity (jumping or running), and damages in strength
or performance. Activity pain can vary in terms of severity. The initial symptom can
merge with the start of the activity. It is relatively unusual for an athlete to have poor
athletic performance (e.g., decreased jogging time or jump performance) before
experiencing discomfort during the activity. Athletes who overlook small indications
may feel discomfort during and after exertion and experience a decline in perfor-
mance. It is crucial to note that in the absence of loading, people with AT typically
experience no discomfort [18, 20].

The subjective report of discomfort and pain with tendon palpation is a reliable
and valid diagnostic for AT. Palpation of pain can help distinguish between inser-
tional-midportion damage and a diagnosis. For example, if palpating the anterior
tendon causes more discomfort than the tendon, os trigonum syndrome or posterior
ankle impingement may be a more likely diagnosis. Acute AT rupture, accessory
soleus, systemic inflammatory illness, sural nerve, and fat-pad irritation are more
factors to consider in posterior ankle discomfort [16, 18, 19]. Additionally, diagnostic
tests like the Royal London Hospital test and the arc sign may be performed to con-
firm AT [16, 20]. Patient-reported pain and symptoms have traditionally been used to
determine the severity of the condition.

Nevertheless, patients also have increased fear of movement, or kinesiophobia;
impaired lower extremity function; altered tendon structure; and decreased muscle
performance. The patient’s overall condition rating, participation, pain on loading or
activity or over a certain length of time, function, psychological aspects, physical func-
tion capacity, disability, and quality of life are all factors that contribute to a consensus
[16, 17]. Patients with AT have varying degrees of impairment and symptoms in each
domain. Each component of tendon health must be assessed for diagnostic progress,
patient objectives and expectations, and athlete return-to-sport decisions. In addi-
tion, structural changes might occur without causing any symptoms. Other patients
may experience symptoms and functional impairments with no structural change.
Furthermore, complete symptomatic healing does not guarantee complete functional
recovery. As a result, the effective reinjury rates (27-44%) for AT may be due to merely
using symptom resolution as a recovery guide without confirming tendon health [17-19].

Pathophysiology related to AT is frequently determined by imaging. Existence
of osteophyte and enthesophyte formation, Haglund deformity, and intratendinous
calcifications, evaluation may all be determined with lateral weight-bearing radio-
graphs of the foot. The form and lucency of the Kager triangle on a radiograph may
also be utilized to determine whether or not a patient has retrocalcaneal bursitis.
Ultrasound and MRI may be used to evaluate soft-tissue (bursitis, neovascularization,
paratendinitis, tendon degeneration) as well as bony (intratendinous calcification,
enthesophytes) changes [19, 20].
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Haglund deformity is a bony enlargement at the back of the heel that can cause
pain and discomfort when walking or wearing certain types of shoes. It is also
known as “pump bump” because it is often caused by the irritation and pressure
that can occur when wearing high-heeled pumps. The deformity is caused by a
combination of genetics and the way that a person walks. It is more common in
people who have high arches and who walk with a gait that places extra stress
on the heels. It can also be caused by inflammation of the bursa, a small fluid-
filled sac that acts as a cushion between the heel bone and the Achilles tendon.
Symptoms of Haglund deformity include pain and swelling at the back of the heel,
redness and warmth in the affected area, and difficulty wearing certain types of
shoes. Treatment may include wearing shoes with a low heel or wide toe box, using
padding or inserts in the shoes, and taking over-the-counter pain medications.

In severe cases, surgery may be necessary to remove the bony growth and relieve
pressure on the heel.

Debridement: This procedure involves removing damaged tissue from the Achilles
tendon to reduce inflammation and pain.

Tenotomy: This procedure involves cutting the Achilles tendon to release tension
and alleviate pain.

Haglund deformity excision: This procedure involves removing the bony growth
on the back of the heel.

It is important to note that surgery for AT and Haglund deformity is usually only
recommended for patients who have not responded to other forms of treatment and
are experiencing severe, chronic pain [21, 22].

2.1.4 Siniis tarsi syndrome

Sinus tarsi syndrome is a condition that affects the sinus tarsi, a small cavity
located in the ankle joint. It is characterized by pain, swelling, and instability in
the ankle and can be caused by a variety of factors, including injury, arthritis, and
structural abnormalities in the foot [23].

The sinus tarsi is a small, triangular-shaped space located between the talus (ankle
bone) and the calcaneus (heel bone). It is filled with a fibrous tissue called the inter-
osseous talocalcaneal ligament, which helps to stabilize the ankle joint and absorb
shock during movement [3].

Sinus tarsi syndrome is often caused by trauma to the ankle, such as a sprain or
fracture. It can also be caused by structural abnormalities in the foot, such as flat feet
or high arches, which can put extra strain on the ligaments and joints of the ankle.
Arthritis, particularly osteoarthritis, can also lead to sinus tarsi syndrome, as the
degenerative changes in the joint can cause pain and instability [24].

Symptoms of sinus tarsi syndrome can include pain, swelling, and instability in
the ankle, as well as difficulty walking or standing on the affected foot. The pain is
typically worse when the foot is rotated outward or when weight is placed on the outer
edge of the foot [24, 25].

Treatment for sinus tarsi syndrome may include rest, ice, and physical
therapy to help strengthen the muscles and ligaments in the ankle. In severe
cases, surgery may be necessary to repair any damage to the sinus tarsi or
surrounding structures. Sinus tarsi decompression, sinus tarsi stabilization,
or sinus tarsi fusion surgical procedures may be necessary to relieve pain and
improve stability [24, 25].
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2.1.5 Piezogenic papules

Piezogenic papules are small, painless bumps that typically appear on the heels
of the feet. They are caused by the herniation of fat through the fascia, a connective
tissue layer that surrounds the muscles [26].

Piezogenic papules are often seen in people who are overweight or obese, as excess
body fat can put extra pressure on the fascia and cause the fat to protrude through the
tissue. They are also more common in people who engage in activities that involve a lot
of running or jumping, as the impact on the heels can cause the fat to herniate [27].

Piezogenic papules are typically harmless and do not cause any symptoms. They
may be cosmetically unpleasant for some people, but they do not require treatment.
However, if you are experiencing pain or discomfort in your heels, it is important
to speak with a healthcare provider to determine the cause and discuss treatment
options. In some cases, piezogenic papules may be a sign of underlying issues with the
feet, such as flat feet or high arches, which can lead to discomfort and other problems
if left untreated [26, 27]. There is no specific treatment for piezogenic papules, and
they often resolve on their own over time. In some cases, however, people may choose
to have them removed surgically. The surgical procedure used to remove piezogenic
papules is called a fat-pad excision. During this procedure, a small incision is made
in the skin over the papule, and the protruding fat is removed. The incision is then
closed with sutures. It is important to note that surgery for piezogenic papules is
usually only recommended for patients who are bothered by the appearance of the
papules and have not responded to other forms of treatment.

2.1.6 Subtalar arthritis

Subtalar arthritis is a type of arthritis that affects the subtalar joint, which isa
small joint located between the talus (ankle bone) and the calcaneus (heel bone). This
joint is responsible for allowing the foot to move and rotate, and it plays an important
role in the normal function of the foot and ankle [28].

Subtalar arthritis is characterized by inflammation and degeneration of the
subtalar joint. It can be caused by a variety of factors, including injury, overuse, or
wear and tear on the joint. Symptoms of subtalar arthritis may include pain, swelling,
stiffness, and limited range of motion in the foot and ankle [29].

Treatment for subtalar arthritis may include a combination of conservative mea-
sures such as rest, ice, physical therapy, and medications to reduce pain and inflam-
mation. In more severe cases, surgery (arthrodesis, osteotomy, arthroplasty) may be
necessary to repair or reconstruct the joint. It is important to seek medical treatment
for subtalar arthritis to prevent the condition from worsening and to maintain good
function of the foot and ankle. Early diagnosis and treatment can help to alleviate
symptoms and prevent further damage to the joint [28, 29].

2.2 Overuse tendon conditions
2.2.1 Peroneal tendon injury
Peroneal tendon injuries are injuries to the tendons in the lower leg that are

responsible for moving and stabilizing the ankle and foot. The peroneal tendons are
located on the outside of the lower leg, just behind the bone on the outside of the
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ankle (the fibula). There are two main peroneal tendons: the peroneus longus and
the peroneus brevis. These tendons are responsible for moving the foot and ankle
outward (everting) and helping the ankle stabilize [30].

Peroneal tendon injuries can occur due to a variety of causes, including overuse,
sudden trauma, or degeneration of the tendons. Symptoms of a peroneal tendon
injury may include pain, swelling, and difficulty moving the foot and ankle. In
severe cases, the tendons may become partially or completely torn, which can lead to
instability of the ankle and foot [31].

Treatment for a peroneal tendon injury may include rest, physical therapy, and
medications to reduce pain and inflammation. In severe cases, surgery, which includes
tendoscopy, tendon repair, and tendon reconstruction, may be necessary to repair
or reconstruct the damaged tendons. It is important to seek medical treatment for a
peroneal tendon injury to prevent the condition from worsening and to maintain good
function of the foot and ankle. Early diagnosis and treatment can help to alleviate
symptoms and prevent further damage to the tendons [30, 31].

2.2.2 Posterior tibial tendinopathy

Posterior tibial tendinopathy is a condition that affects the posterior tibial
tendon, which is a large tendon located in the lower leg that is responsible for
supporting the arch of the foot and helping the ankle stabilize. The posterior tibial
tendon runs from the back of the tibia (shin bone) and attaches to the bones of the
foot. It is an important part of the “arch support” system of the foot, and it helps
to maintain proper alignment and stability of the ankle and foot when standing
and walking [32].

Posterior tibial tendinopathy is a condition that occurs when the posterior tibial
tendon becomes inflamed or damaged. It can be caused by overuse, injury, or degen-
eration of the tendon. Symptoms of posterior tibial tendinopathy may include pain,
swelling, and difficulty moving the foot and ankle. The condition can lead to instabil-
ity of the ankle and foot, and it may cause the arch of the foot to collapse, leading to a
condition called “flatfoot” [33].

Treatment for posterior tibial tendinopathy may include rest, physical therapy,
and medications to reduce pain and inflammation. In severe cases, surgery may be
necessary to repair or reconstruct the damaged tendon. These surgical procedures that
can be used to treat posterior tibial tendinopathy include: tendoscopy, tendon repair,
and tendon reconstruction. It is important to seek medical treatment for posterior
tibial tendinopathy to prevent the condition from worsening and to maintain good
function of the foot and ankle. Early diagnosis and therapy can assist in relieving
symptoms and avoiding further tendon damage [32, 33].

2.2.3 Flexor hallucis longus tendinopathy

Flexor hallucis longus (FHL) tendinopathy is a condition that affects the flexor
hallucis longus tendon, which is a long, thin tendon located in the lower leg. The
flexor hallucis longus tendon runs from the back of the tibia (shin bone) down to the
bones of the foot, and it is responsible for flexing (bending) the big toe. The tendon
also helps to stabilize the foot and ankle when standing and walking [34].

FHL tendinopathy is a condition that occurs when the flexor hallucis longus
tendon becomes inflamed or damaged. It can be caused by overuse, injury, or degen-
eration of the tendon. Symptoms of FHL tendinopathy may include pain, swelling,
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and difficulty moving the big toe and foot. The condition can lead to instability of the
ankle and foot, and it may cause problems with balance and gait [33, 34].

Treatment for FHL tendinopathy may include rest, physical therapy, and medica-
tions to reduce pain and inflammation. Early diagnosis and treatment can help to
alleviate symptoms and prevent further damage to the tendon. It is important to point
out that surgery for flexor hallucis longus tendinopathy (tendoscopy, tendon repair,
tendon reconstruction) is often reserved for patients who have failed to respond to
various types of treatment and are experiencing significant, chronic pain or impair-
ment. Before deciding on surgery, it is critical to carefully explore all treatment
choices and discuss the risks and benefits with a healthcare expert [23, 33].

2.3 Traumatic conditions
2.3.1 Posterior ankle impingement syndrome

Posterior ankle impingement syndrome is a condition that affects the back of the
ankle and is characterized by pain and inflammation in the soft tissues and bones
of the ankle. It is often caused by repetitive stress or overuse of the ankle, and it can
also be caused by trauma or injury to the ankle. There are two main types of posterior
ankle impingement syndrome: soft-tissue impingement and bone impingement. Soft-
tissue impingement occurs when the tendons, ligaments, or muscles at the back of the
ankle become inflamed or pinched, causing pain and discomfort. Bone impingement
occurs when the bones of the ankle rub against each other or become stuck, causing
pain and limited range of motion in the ankle [35, 36].

Symptoms of posterior ankle impingement syndrome may include pain and swell-
ing at the back of the ankle, difficulty moving the ankle, and limited range of motion.
The condition may also cause difficulty with activities that involve flexing or pointing
the foot, such as walking or running [37].

Treatment for posterior ankle impingement syndrome may include rest, ice,
physical therapy, and medications to reduce pain and inflammation. In severe cases,
surgery may be necessary to remove any bone spurs or repair damaged tendons or
ligaments. There are various surgical options, including debridement, tenotomy,
osteophyte removal, and ankle fusion. These surgical techniques may be required to
reduce discomfort and improve function. It is important to seek medical treatment for
posterior ankle impingement syndrome to prevent the condition from worsening and
to maintain good function of the ankle. Early detection and management can help
relieve the pain and avoid additional ankle damage [35-37].

2.3.2 Heel contusion

A heel contusion is a type of injury that occurs when the heel bone (calcaneus) is
struck or compressed, resulting in pain, swelling, and bruising. Heel contusions are
often caused by falls, accidents, or impacts to the heel, such as when landing on the
heel after a jump. Symptoms of a heel contusion may include pain and swelling at the
site of the injury, difficulty walking or bearing weight on the foot, and bruising or
discoloration of the skin around the heel. In severe cases, a heel contusion may cause
a fracture or crack in the heel bone, which can lead to additional symptoms such as
deformity or instability of the foot [38].

Rest, ice, and elevation of the foot are common treatments for a heel contusion to
minimize swelling and inflammation. Over-the-counter pain medications may also
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be used to help alleviate discomfort. In severe cases, a heel contusion may require
more advanced treatment, such as immobilization with a cast or crutches, or surgery
to repair any fractures or cracks in the heel bone. Surgery may be necessary if the
injury has caused significant damage to the bones, tendons, or other structures in the
heel. Debridement, tenotomy, and fracture repair surgical methods can be used for a
heel contusion. It is crucial to remember that surgery for a heel contusion is usually
indicated only for individuals who have not responded to other forms of treatment
and are suffering from significant, chronic pain or impairment [23].

2.3.3 Calcaneal and talar stress fractures

Calcaneal (heel bone) and talar (ankle bone) stress fractures are small cracks or
fractures that occur in the bones of the foot as a result of repetitive stress or overuse.
Stress fractures are a common injury among athletes, particularly those who engage in
high-impact activities such as running or jumping [39].

Symptoms of calcaneal or talar stress fractures may include pain, swelling, and
tenderness at the site of the fracture, as well as difficulty bearing weight on the
affected foot. The pain may be worse with activity and may improve with rest. Stress
fractures can also cause changes in the way a person walks or moves, as they try to
avoid putting pressure on the affected foot [23].

Treatment for calcaneal or talar stress fractures typically involves rest, ice, and
elevation of the foot to reduce swelling and inflammation. Non-weight-bearing
activities, such as swimming or biking, may be recommended to allow the bone to
heal. In severe cases, a cast or crutches may be necessary to fully immobilize the foot
and allow the fracture to heal. It is important to prevent the injury from worsening
and to ensure proper healing and recovery. Conservative treatment for calcaneal and
talar stress fractures includes rest, physical therapy, and medicines. However, in some
circumstances, surgery, including fracture repair, bone grafting, and bone fusion,
may be required to heal the fractured bone [23, 39].

2.4 Medical conditions
2.4.1 Rheumatoid arthritis of the hindfoot

Rheumatoid arthritis (RA) is a chronic autoimmune disorder that causes inflam-
mation in the joints. It can affect any joint in the body, including the hindfoot (the
area of the foot behind the ankle joint). RA of the hindfoot can cause pain, swelling,
stiffness, and deformity of the foot and ankle [40].

The hindfoot is made up of several bones, including the calcaneus (heel bone),
talus (ankle bone), and the navicular and cuboid bones. These bones are connected by
joints, and in people with RA, these joints can become inflamed and damaged. This
can lead to a range of symptoms, including pain, stiffness, and difficulty moving the
foot and ankle. RA of the hindfoot may also cause the foot to become misshapen or
deformed, leading to problems with balance and gait [41].

Treatment for RA of the hindfoot typically involves a combination of medications
and lifestyle changes to reduce inflammation and manage pain. Medications such as
nonsteroidal anti-inflammatory drugs (NSAIDs) and disease-modifying antirheu-
matic drugs (DMARDs) may be used to reduce inflammation and slow the progres-
sion of the disease. Physical therapy and other rehabilitation techniques may also be
recommended to help improve mobility and function of the foot and ankle. However,
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in severe cases, joint fusion, joint replacement, and osteotomy surgical procedures
may be necessary to repair or reconstruct damaged joints. It is important to seek
medical treatment for RA of the hindfoot to prevent the condition from worsening
and to maintain good function of the foot and ankle [23, 40, 41].

2.4.2 Paget disease

Paget disease is a chronic bone disorder that causes abnormal bone growth and
weakening of the bone. It can affect any bone in the body, including the bones of the
hindfoot (the area of the foot behind the ankle joint). In people with Paget disease of
the hindfoot, the bones may become thickened, enlarged, and weakened, leading to
arange of symptoms, including pain, swelling, and deformity of the foot and ankle.
The condition may also cause problems with balance and gait [23, 42].

Treatment for Paget disease of the hindfoot may involve a combination of
medications and lifestyle changes to slow the progression of the disease and man-
age symptoms. Medications such as bisphosphonates and calcitonin may be used to
reduce bone resorption and slow the rate of bone growth. Physical therapy and other
rehabilitation techniques may also be recommended to help improve mobility and
function of the foot and ankle. Paget disease is typically treated with drugs that delay
the disease’s course and alleviate bone discomfort. However, surgery may be required
in some cases to repair abnormalities or support weakening bones. Paget disease can
be treated by using a variety of surgical methods (osteotomy, bone grafting, or joint
replacement for repairing or reconstructing damaged bones). Treatment as soon as
possible can help to ease symptoms and avoid additional bone loss [42].

2.4.3 Osteomyelitis of calcaneus

Osteomyelitis is an infection of the bone that can affect any bone in the body,
including the calcaneus (heel bone). Osteomyelitis of the calcaneus is a serious condi-
tion that can cause pain, swelling, and difficulty moving the foot and ankle. It can also
lead to bone deformities and other complications if left untreated. It is usually caused
by bacteria entering the bone through an open wound or a surgical incision. It can also
occur as a result of a blood infection (septicemia) that spreads to the bone. Symptoms
of osteomyelitis of the calcaneus may include fever, chills, redness and swelling at the
site of the infection, and severe pain. The condition may also cause difficulty walking
or bearing weight on the affected foot [43].

Treatment for osteomyelitis of the calcaneus typically involves a combination
of antibiotics to kill the infection and surgery, which contains debridement, bone
grafting, and amputation procedures, to remove any infected or damaged bone tissue.
In severe cases, hospitalization may be necessary to monitor the infection and manage
the patient’s symptoms. Rehabilitation and physical therapy may also be recom-
mended to help improve mobility and function of the foot and ankle. It is important
to get early diagnosis and treatment to prevent the infection from spreading and to
ensure proper healing, recovery, and prevention of further complications [44].

2.4.4 Sickle cell disease

Sickle cell disease is a group of inherited blood disorders that affect the production
of red blood cells. People with sickle cell disease produce abnormal red blood cells
that are shaped like crescent moons (or “sickles”) instead of the normal round shape.
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These abnormal red blood cells are more fragile and prone to breaking down, which
can lead to a range of symptoms and complications. It is caused by a genetic mutation
that affects the production of the protein hemoglobin, which carries oxygen in the
blood. People with sickle cell disease have abnormal hemoglobin in their red blood
cells, which causes them to be misshapen and brittle. As a result, the red blood cells
are unable to carry oxygen effectively to the body’s tissues, leading to a range of symp-
toms and complications [45].

Symptoms of sickle cell disease may include anemia (low red blood cell count),
fatigue, shortness of breath, and repeated infections. The condition may also cause
pain crises, which are episodes of severe pain that can occur in any part of the body.
People with sickle cell disease may also have an increased risk of developing other
health problems, such as stroke, kidney disease, and vision loss [23, 44].

Treatment for sickle cell disease typically involves a combination of medica-
tions, blood transfusions, and other supportive care to manage symptoms and
prevent complications. There is no cure for sickle cell disease, but with proper
treatment and management, people with the condition can lead full and active
lives. The specific surgical procedures used to treat sickle cell disease will depend
on the specific complications and individual needs of the patient. Some common
surgical procedures used in the treatment of sickle cell disease include: sple-
nectomy, vaso-occlusive crisis management, and bone marrow transplant. It is
important to note that surgery for sickle cell disease is usually only recommended
for patients who experience severe, chronic complications or who have not
responded to other forms of treatment. It is also critical to seek medical treatment

and adhere to a treatment plan in order to avoid significant problems and retain
good health [46].

2.4.5 Gout

Gout is a type of arthritis that causes inflammation and pain in the joints, most
commonly the joints of the feet and ankles. It is caused by the buildup of uric acid
crystals in the joints, which leads to inflammation and pain. Gout is characterized by
sudden, severe attacks of pain and inflammation in the affected joints. The most com-
mon symptoms of gout include redness, warmth, and swelling in the affected joint, as
well as intense pain and tenderness. The attacks of gout can last for a few days to a few
weeks, and they may occur repeatedly over time. It is more common in men than in
women, and it is more likely to occur in people who are overweight, have high blood
pressure, or have a family history of gout. It can also be caused by certain medica-
tions, alcohol use, and other medical conditions [47, 48].

Treatment for gout may include medications to reduce inflammation and pain, as
well as lifestyle changes to help prevent future attacks. These may include changes to
diet (such as reducing intake of foods high in purines, which can increase uric acid
levels), weight loss, and avoiding triggers such as alcohol and certain medications.

In severe cases, surgery may be necessary to remove the uric acid crystals from the
affected joints. There are several surgical procedures that may be used to treat gout.
These include: debridement, joint fusion, and joint replacement. It is important to
carefully consider all treatment options and discuss the risks and benefits with a
healthcare provider before deciding on surgery. Getting medical treatment for gout to
prevent the condition from worsening and to maintain good function of the joints is
important [47].
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2.4.6 Metastatic disease

Metastatic disease of the foot and ankle is a type of cancer that occurs when cancer
cells from another part of the body spread (metastasize) to the bones of the foot and
ankle. This can lead to pain, swelling, and other symptoms in the affected area. It is
most commonly caused by breast, lung, or prostate cancer, but it can also occur asa
result of other types of cancer [23, 49]. Symptoms of metastatic disease of the foot
and ankle may include pain, swelling, and tenderness in the affected area, as well as
difficulty moving the foot and ankle. The condition may also cause deformities or
other changes in the appearance of the foot and ankle [49].

Treatment for metastatic disease of the foot and ankle depends on the type and
stage of cancer, as well as the overall health of the patient. Options may include sur-
gery to remove the affected bone, chemotherapy or radiation therapy to kill the cancer
cells, or a combination of these treatments. Pain management and rehabilitation may
also be necessary to help alleviate symptoms and improve mobility and function of
the foot and ankle. The specific surgical procedure used to treat metastatic disease
will depend on the location and size of the metastases, as well as the overall health of
the patient. Some common surgical procedures used in the treatment of metastatic
disease include resection, amputation, and palliative surgery. It should be noted that
surgery for metastatic disease is usually only suggested for individuals who have
severe, chronic symptoms or have not responded to other forms of treatment. It is
important to get medical treatment for metastatic disease of the foot and ankle as
soon as possible to prevent the cancer from spreading and to ensure the best possible
outcomes. Early diagnosis and treatment can help to alleviate symptoms and improve
the chances of a successful [49, 50].

3. Conclusion

The hindfoot is a complex and important part of the foot and ankle, and it is
susceptible to a wide range of pathologies that can cause pain, swelling, and difficulty
moving the foot and ankle. Some common hindfoot pathologies include posterior
tibial tendinopathy, FHL tendinopathy, posterior ankle impingement syndrome, heel
contusion, calcaneal and talar stress fractures, RA of the hindfoot, Paget disease of the
hindfoot, osteomyelitis of the calcaneus, and metastatic disease of the foot and ankle.

Treatment for hindfoot pathologies may include a combination of medications,
physical therapy, and lifestyle changes to reduce inflammation and manage pain. In
severe cases, surgery may be necessary to repair or reconstruct damaged tissues or
bones. It is important to seek medical treatment for hindfoot pathologies to prevent
the condition from worsening and to maintain good function of the foot and ankle.
Early diagnosis and treatment can help to alleviate symptoms and prevent further
damage to the foot and ankle.
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Chapter 6

Functional Rehabilitation after
Achilles Tendon Rupture

Andprej Cretnik

Abstract

Optimal treatment of an acute Achilles tendon rupture remains controversial. There’s
but a clear tendency that either treated conservatively or operatively, patients should start
as soon as possible with early functional rehabilitation. It should include an early range of
motion exercises and controlled weightbearing protocol with the support of crutches.
Softcast brace is a simple, effective, removable, individually adapted, and well-tolerated
orthosis, that can be easily made, if necessary, replaced or changed, and safely used
during the healing process and if necessary, in the further rehabilitation period. Proposed
rehabilitation protocol with the use of a softcast brace can be used either in conservatively
or operatively treated patients, with comparable results in terms of complication rate (re-
ruptures, thromboembolic events, sural neuritis) and long-term clinical (ROM, length of
tendon) and functional results (return to pre-injured activities).

Keywords: achilles tendon, rupture, functional rehabilitation, softcast brace, ROM
exercises

1. Introduction

Controversy regarding the optimal treatment of an acute complete Achilles tendon
rupture (ATR) remains despite great interest and several articles in the last decades.
Treatment can be broadly classified into conservative management with cast immobili-
zation or functional bracing [1-6] and operative management with open repair (with or
without augmentation) [1-3, 5-7], or minimally invasive procedures with closed percu-
taneous repair [8-11], or semi-open techniques [12-15], with possible ultrasonography
guidance [16, 17], or endoscopic control [18-20]. There are several postoperative reha-
bilitation protocols—traditionally, nonweightbearing, bellow knee cast immobilization
is generally recommended for 6 to 8 weeks [1, 2, 6], that has changed in the last decades
in mainly functional accelerated rehabilitation with functional bracing (including early
ankle motion exercises and weightbearing) for the same period [2-5, 13, 16, 21-24].

Meta-analyses and quantitative reviews of the literature regarding the manage-
ment of ATRs have shown that open-operative treatment was associated with a lower
risk of re-rupture (pooled rate in the literature range from 1.4 to 5% [25-34]) than
nonoperative management (pooled rate of re-rupture in the literature range from 2.4
to 13% [25-27, 29-35]. Systematic review and meta-analysis of 10 randomized con-
trolled trials involving 944 patients and 19 observational studies, including 14,918
patients showed a significant reduction in re-ruptures after operative treatment (2.3%)
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compared with nonoperative treatment (3.9%) (risk difference 1.6%; risk ratio 0.43,
95% confidence interval 0.31to 0.60; p < 0.001; I* = 22%), but with significantly higher
complication rate in operative than nonoperative treatment (4.9 vs. 1.6%; risk differ-
ence 3.3%; risk ratio 2.76, 1.84 to 4.13; p < 0.001; 1% = 45%) [36]. The risk of complica-
tions could be possibly diminished by percutaneous repair (pooled rate of 26.1% in the
open group vs. pooled rate of 8.3% in the percutaneous group) [30].

The concept of early dynamic functional rehabilitation has dramatically changed
the results in a term of re-rupture rate, particularly in conservative treatment of ATR
[4, 23, 37]. Meta-analysis of 10 randomized trials in 418 surgically treated patients and
in 408 patients who underwent nonsurgical treatment showed that if functional
rehabilitation with early range of motion (ROM) was employed, re-rupture rates were
equal for surgical and nonsurgical patients (risk difference = 1.7%, p = 0.45), [37]. If
such early ROM was not employed, the absolute risk reduction achieved by surgery
was 8.8% (p = 0.001 in favor of surgery) [37]. Similar findings were also found in the
largest systematic review and meta-analysis, with no statistically significant difference
in re-rupture rate between operative and nonoperative treatment in studies that used
accelerated functional rehabilitation (risk ratio 0.60, 0.26 to 1.37; p = 0.23; 2 = 0%)
[36]. The beneficial impact of early dynamic functional rehabilitation has been proven
only by both, early weightbearing and ankle motion exercises [38].

2. Functional rehabilitation after Achilles tendon rupture
2.1 Immobilization and orthoses

According to the literature, there are several options available for functional treat-
ment after ATR. Generally, they can be divided into different, mainly individually
(custom) made splints, (semi)casts or orthoses from cast or different plastic materials
and various special shoes, boots, or walkers (Figures 1 and 2) and prefabricated
braces and orthoses, manufactured by different medical companies.

As functional rehabilitation should consist of early weightbearing and range of motion
(ROM) exercises, there are various solutions proposed for that among previously listed
types of immobilization. In rigid types of semi-casts, at least two different casts should be
made—{irst in the plantar flexion of foot for about 25 to 30 degrees and after 3 weeks in
the neutral position. In the last decades, plantar flexion is recommended to be changed
every second week— every time for about 10 degrees, so at the end of a period of 6-weeks
of immobilization, a neutral position of the foot could be achieved, with gradually
increased tension to the injured AT, what seems to bring a beneficial effect to the strength
and therefore to lower re-rupture rate [23, 37, 39, 40]. In orthoses, made from softcast or
soft-plastic materials, reduction of the plantar flexion of the foot to a neutral position can
be gradually achieved with the softening of the orthosis with the increased weightbearing
and thus providing all the time the increase of the tension to the injured AT, with the same
possibly beneficial effect of reducing the re-rupture rate [39].

In various special shoes, boots, or walkers’ plantar flexion can be achieved with the
added special heel lifts that can be diminished every week by 0.5 cm or every 2 weeks
for 1 cm (Figure 2). Some of these special boots or walkers have a hinge at the level of
tibiotalar joint, which can be locked in a desired position or can restrict plantar flexion
at the beginning from 30 to 50 degrees and then gradually every week more, toward 0
to 50 degrees (Figure 3). With the addition of heel lift, early controlled weightbearing
can be achieved, too.
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Figure 1.
Walker.

2.2 Softcast functional orthosis

Simple, but effective and individually adjusted orthosis is presented on
Figures 4-6. It can be used in conservative as well as in operative treatment, whether
in an open or minimally invasive way. Generally, it’s applied with the foot at 25
degrees PF. Long stockinette (3 M, St. Paul, MN) (Figure 4) is dorsally covered with
the splint, made of several (5) folded layers of Softcast (3 M, St. Paul, MN) (Figure 5).
The splint is fixed with a folded stockinette or a simple (additional) bandage, which
enables patients to perform PF and prevents dorsiflexion (DF) (Figure 6).

2.3 Rehabilitation protocol

Patients are immediately allowed to walk with crutches in a toe-touch technique.
In the next 2 to 3 days, they can carefully increase weightbearing (WB) to 5 kg and
then every week for an additional 5 kg, reaching so 15 kg of weightbearing within first
3 weeks (about 25% of body-weight (BW)). They should be immediately encouraged
also to perform ROM exercises, as much as their immobilization allows (Figure 6).

After a week, patients are allowed to take off and on brace during the day and to
perform careful PF and DF between 25 and 50 degrees in a seating position (in water
without orthosis). The useful tip should be recommended to the patients, to perform
ROM exercises and weightbearing only until the pain is felt.

After 2 weeks, patients should be encouraged to continue with increasing
weightbearing for 5 kg every week, continuously with gradation until pain is felt.
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Figure 2.
Heel support.

Figure 3.
Walker with the locking mechanism.
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Figure 4.
Softcast functional orthosis—Preparation with stockinette).

Figure 5.
Softcast functional orthosis—folding stockinette.

After 4 week, they can start with weightbearing as much as tolerated and if they
have no pain, they can start to walk even without crutches but should be very cautious
if walking on a wet or slippery floor. Softcast (functional) immobilization routinely
softens with weightbearing, so there is no need to exchange this type of immobiliza-
tion to achieve a neutral position of the foot. On the other hand, this is also a way of
controlling patients about weightbearing.

Bilateral seated ROM exercises, with a progressive increase of dorsiflexion and
force (pain) controlled pushing knee by hands (ankle down until pain is felt), should
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Figure 6.
ROM exercises—Plantar flexion in orthosis.

be encouraged according to the protocol in Table 1 to reach a neutral position of the
foot within 6 weeks (Figures 6 and 7).

After 6 weeks, immobilization can be removed, and patients should start with the
rehabilitation protocol (learned and controlled by physiotherapists). They may walk
without crutches, with progressively increasing weightbearing (till tolerable pain).
ROM exercises with increasing DF above the neutral position should also be
performed carefully—it’s recommended till 8 weeks in the sitting position and if
possible, in the water.

Special attention should be given to incorrect gait patterns. Generally, no addi-
tional heel pad or cushion is recommended. Patients should be encouraged to perform
as much as possible exercises in the whirlpool, where full weightbearing is allowed.

Careful stretching exercises and controlled squats with a lifted heel could be
started after 8 weeks with careful increasing of the load (until pain is felt). Full active
dorsiflexion is expected to be reached after 4 months. Raising on toes or heels with the
operated leg only is generally allowed 12 weeks after the operation. Sports activities
should be carefully started and individually adjusted after 3 months, with
recommended full loading 6 months after the operation. Steps in rehabilitation are
summarized in Table 1.

Proposed early dynamic functional rehabilitation with softcast orthosis can be
successfully implemented with conservative as well as other open, semi-open, or
closed percutaneous methods, too, as there are no contraindications for this type of
treatment.

Long-term results with the use of proposed early dynamic functional rehabilita-
tion, together with the closed percutaneous repair under local anesthesia, can be
compared to other methods of ATR in terms of complication rate (re-ruptures,
thromboembolic events, sural neuritis, etc.) and long term clinical (ROM, length
of tendon) and functional results (strength and return to pre-injured activities)

[16, 39].

104



Functional Rehabilitation after Achilles Tendon Rupture
DOT: http://dx.doi.org/10.5772 /intechopen.111568

2.4 Functional rehabilitation program (never exceed pain)

0 to 1 week

Immobilization, Plantar flexion 25°  Crutches, Toe-touch/5 kg Gait control
weightbearing (WB)

1to 2 weeks

Immobilization, Plantar flexion 20°  Crutches, 5-10 kg WB, bathing Seated ROM exercises

2 to 3 weeks

Immobilization, Plantar flexion 15°  Crutches, 10-15 kg WB (20%BW) Seated/pushing exercises

3 to 4 weeks

Immobilization, Plantar flexion 10°  Crutches, 15-20 kg WB (30%BW) Seated/pushing exercises

4 to 5 weeks

Immobilization, Plantar flexion 5° Crutches*, 20-25 kg WB (40%BW)  Seated/pushing exercises
(as tolerated)

5 to 6 weeks

Immobilization, Plantar flexion 0° Crutches®, 25-30 kg WB (50%BW)  Seated/pushing exercises
(as tolerated)

6 to 8 weeks - starting with physiotherapy

No immobilization, Dorsiflexion+5°  No crutches, walking with Careful swimming
weightbearing

Control swelling (Ultrasonography, laser, negative pressure ... ), massage
Gait control / no limping, careful weightbearing on slippery surfaces
Pain controlled strength and endurance exercises (cycling, walking on treadmill, hydrotherapy)

8 to 10 weeks

Active dorsiflexion +10° Walking with normal weightbearing  Bilateral raising on toes

Graduated resistance exercises (pain controlled) (skipping with leaning on hands, (light) cycling, treadmill... )
Careful stretching, friction massage ...
Proprioception exercises (controlled), NO jumping, sprinting, sudden loading, etc.

10 to 12 weeks

Active dorsiflexion +15° Walking with full weightbearing Gradual raising with OP leg

Progress of resistance exercises (pain controlled), (careful start—light sports activities, warming/stretching...)

12 to 16 weeks

Active dorsiflexion +20° Fast walking, careful jogging, Raising on toes with OP leg
running

Pain controlled progress of resistance and endurance exercises, sports activities, eccentric exercises (retrain
strength, power, dynamic weightbearing exercises ... ) (individually adapted according to progress)

After 16 weeks

Gradual return to sports activities—individually adapted—if no pain, increasing activities like running,
jumping, sprinting, sudden loading, etc.

After 6 months

Generally, return to all sports activities (take care about tendinopathy /warming, stretching, strengthening)

Table 1.
Rehabilitation protocol in steps.
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Figure 7.
Pushing knee in a seated position—Increasing dorsiflexion of ankle.

3. Discussion

Restoration of the length and tension of the ruptured AT with the return to
preinjury activities with as less complications as possible should be the goals of the
treatment of ATR. As in complete ATR, there always come to retraction of the triceps
muscle. Consequently, a gap (elongated tendon) remains between torn ends, which
heals in conservative treatment with fibrous tissue [16, 39]. Due to biomechanical
characteristics of the musculotendinous complex, elongation of less than 0.5 cm seems
not to affect AT function in basic daily activities but might be important in high-
caliber athletes [16, 39, 41-43]. Open surgical repair enables restoration of the original
length, together with tendon augmentation, but poses a higher risk for complications
[5, 7, 16]. Percutaneous repair, particularly semi-open with the possible control of the
length (Achillon® system (Integra Life Sciences Corporation, Plainsboro, NJ),
PARS™ system (Arthrex, Naples, FL), Achilles midsubstance Speed Bridge repair
variation (Arthrex, Naples, FL) [12-15] or closed percutaneous repair with ultrasono-
graphical control [10, 16, 17, 39], seems to bridge the gap, particularly with reducing
the overall number of complications.

The results of studies support a beneficial effect of early functional rehabilitation
with all types of ATR treatment. Wu et al. found in their systematic review and
network meta-analysis of 2060 patients in 29 randomized controlled trials 7.41% of
overall complication rates in the group of open surgery and accelerated rehabilitation
in comparison to 8.47% in the group of minimally invasive surgery and accelerated
rehabilitation, 12.09% in nonsurgery group and accelerated rehabilitation and 13.97%
in nonsurgery group and early immobilization [44].

It has to be stressed that weightbearing and early ROM exercises before the healing
of an ATR could have some detrimental effects, too. Eliasson et al. found in their study
that ruptured AT elongates for 6 months after surgical repair regardless of early or late
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weightbearing in combination with ankle mobilization [45]. Kangas et al. and
Mortensen et al. also showed separation of the tendon ends during the postoperative
period and Lee et al. and Clanton et al. warned in their studies about gapping in
cycling loading, which might cause tendon elongation [22, 46-48]. Weakness of
plantar flexion strength, together with a deficit in heel-rise test in patients with ATR
could therefore be explained with tendon elongation [49, 50].

Strength of the tendon repair with the resistance to elongation during loading
could possibly have an impact on the final results, so generally with any type of
operative treatment, the strongest repair should be considered [39].

Probably the simplest way to achieve the goals of accelerated rehabilitation (early
weightbearing with early ROM exercises), could be the adjustment of all activities to
the proportion of pain. Proposed kg of weightbearing in weekly intervals should
probably serve only as a sort of general recommendation, which should be individu-
ally adjusted (according to body weight), as it has no sense to compare 5 kg of
weightbearing in 100 kg body-weight man, with a lady of 50 kg body-weight.

Functional treatment with early ankle motion and early weightbearing might have
an impact on the negative effect of immobilization and thus risk for deep venous
thrombosis (DVT) and venous thromboembolism (VTE) [39]. There is but no clear
consensus about the incidence of VTE and prophylaxis in patients after ATR and it
seems that patient-specific risk factors for VTE should be assessed individually
[51-54]. The American College of Chest Physicians’ (ACCP) review recommends
against chemical prophylaxis in lower leg injuries requiring immobilization [53].
Functional treatment and early ankle motion could support this decision easier.

4. Conclusion

Controversy regarding optimal treatment after ATR remains. There’s but clear
tendency that either treated conservatively or operatively, patients should start as
soon as possible with early functional rehabilitation.

Softcast brace is a simple, cheap, effective, removable, individually adapted, and
well-tolerated orthosis, that can be easily made and safely used, together with the use
of crutches, during the healing and rehabilitation process of the ruptured AT.

Long-term results support the choice of the proposed functional method for the
patients with acute, complete ATR as the method that brings promising end functional
results, with a low rate of complications.
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