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Chapter 1Pathoanatomy
and Biomechanics of the

Ankle and Foot Complex

Holly Jonely, PT, ScD, FAAOMPT

Jean-Michel Brism ée, PT, ScD, OCS, FAAOM PT
Valerie Phelps, PT, ScD, OCS, FAAOMPT

INTRODUCTION

The foot and ankle comprise a complex
arrangement of 26 small bones, 33
joints, and more than 100 muscles,
tendons, and ligaments de  signed to
balance and propel the body during
locomotio n. While walking or running,
the foot acts as a shock absorber
during loading, as a mobile adaptor for
moving the body across the ground,
and as a rigid lever to stabilize and
support body weight for fo rward
propulsion. Without proper support and
function of the foot and ankle, abnor

mal forces can transfer to the lower

Chapter

extremity, thereby placing undue

stress on the musculoskeletal system

and predisposing it to injury. Dysfunc -
tion in the ankle/foot join t complex is
often addressed conservatively by

clinici ans applying strategies such as
strengthening, stretching, altering

training routines, strapping, bracing, or
prescribing orthotic insoles. An under -
standing of both static and dynamic

foot function is  important in the recog -
nition and management of foot a nd

ankle pathologies
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JOINT MORPHOLOGY

Nomenclature

Nomenclature of the ankle and foot is
based on talar relationship. The lower
leg vertical axis above the talus
midpoint is described as superior to
inferior, while the vertical axis within
the foot bel ow the talar midpoint is
described as dorsal to plantar . The
anteroposterior axis of the lower leg
above the talar midpoint is described
as anterior to posterior, while the
similar axis of the foot below the talar
midpoint is described as distal to
proxima | (Figure 1 -1).

Joints of the ankle complex include
th e talocrural joint, subtalar joint,
distal tibiofibular joint, proximal tibio
fibular joint, midfoot, first ray, tarso
meta tarsal joints, intermetatarsal

joints, and metatarsophalangeal joint.

1. Tal ocrural Joint

The talocrural (ankle) joint is formed
by the distal tibial and fibular articula
tion with the trochlear surface of the
talus. In conjunction with the proximal
and distal tibiofibular joints, it is pri
marily responsible for sagittal plane

m otion between the lower leg and foot.
Together, the tal ocrural and subtalar

joints transfer torque between the

SUPERIOR

POSTERIOR Q—I—b ANTERIOR

INFERIOR

Above (alar level Zjli\

l Below talar level

DORSAL

PROXIMAL Q—I—b DISTAL

PLANTAR

Figure 1 -1. Nomenclature for orientation of the
ankle and foot above and below the talus

lower leg (internal  -external rotation)
and foot (pr onation -supina tion) during
ambulation. Passive stabili  ty of the
talocrural joint is provided primarily by
bony architecture and secondarily by
ligamentous support. Myofascial
structures provide dynamic stability
However, because the talus has no
direct m uscle attach ments, stability
and/or motion within the joint complex
depends upon myofascial structures
attaching distally to tarsal and meta -
tarsal bones.

Architectural stability of the
talocrural joint is credited by the
deeply seated talus within the an kle
mortise. The ankle mortise consists of

the tibial p lafond with the larger lateral
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malleolus, which projects more distal
and posterior covering two thirds of
the height of the talus, and the medial
malleolus, which covers one third of
the height of the  talus .! The roof of the
mortise is concave in the sagittal plane
and convex in the frontal plane with

three articular surfaces: (1) the medial
tibial articular surface that courses

postero lateral to anter omedial; (2) the
lateral fibular a rticular surface that
courses poster omedial to anter olateral,
and (3) the superior tibial articular

surface that courses posteroinferior to
anterosupe rior. The mortise articulates
with the talar dome that is convex in

the sagittal plane and concave in the
frontal plane (Figure 1 -2).

The orientation of the medial and
lateral malleoli creates a wedge shape
in the transverse plane to articulate
with the wedge -shaped talus. The talar
dome is wider anterior than posterior,
which contributes both to stability an d
to injury. Joint stabi lity increases
during dorsiflexion when the wider
anterior portion of the talus separates
the distal tibia and fibula, thereby
tightening the anter  oinferior tibiofibular
ligaments and interosseous ligaments
and membrane. In contrast , during
plantarflexion, ligaments slacken. In

this less stable position of the joint,

CHAPTER1A PATHOANATOMY

Dorsal View

AND Bl OMECH

Figure 1
joint in the parasagittal plane

-2. Orientation of the right talocrural

(a) Tibia; (b) Talocrural joint compartment; (c)

Talus; (d) Posteroinferior to anterosu
orientation of th
parasagittal plane; (e) Calcaneus

e talocrural joint in the
2 (Reprinted

perior

with permission from Blackwell Publishing)

ligamentous injuries are more

common.

Clinically, the talocrural joint axis

of rotation

is appreciated by palpating

the distal tips of each malleolus; the

axis runs between these two points ,

oriented approximately 8

transverse plane and 20  °

°in the

to 30 ° in the

fro ntal plane 2 (Figure 1 -3 A and B).

Range of motion around t

his axis is

betwee n 23 ° to 56 ° of plantarflexion

and 13 ° to 33 ° of dorsiflexion.

Secondary to the inclination of the

°tols5°

talocrural joint axis, 6

rotation occur

4

of

s around the vertical

axis 4, which increases in the presence

of compromise of the medial and
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lateral talocru ral and su btalar ligament
complex .1

The bony architecture serves as
the primary restraint to rotation and
translation within the joint during
loading . However, the lateral, medial,
anterior, and posterior ligaments of the
ankle se rve as strong seco ndary
restraints. During unloading, the
ligamentous complex of the ankle is
credited with primary restraint to
internal/external rotation and inver -
sion/eversion .1

The lateral ligament complex is
more vulnerable to pathol  ogy during
an inversion ankle sprain . It consists of
the anterior talofibular, calcaneofibular,
lateral talocalcaneal, and posterior
talofibular ligaments  (Figure s 1-4 and
1-5). The medial complex & comprised
of the tibionavicu lar, tibiospring, tibi -
ocalca neal, anterior tibiotalar, posterior
tibiotalar, and spring ligaments & is less
commonly injured . When sprains
occur, they usually involve the anterior
band during forced ankle eversion
(Figure 1 -6 and Figure 1 -7). Lesionsto
the medial ankle ligament compl ex are
commonl y seen in combi nation with a
lateral malleolus fracture and syndes -
mosis injury during forced external
rotation, dorsiflexion, and axial loading

of the ankle and foot .

Figure 1 -3. Axis of rotation throug  h the
talocrural joint
(A) Transverse plane ; (B) Frontal plane

I

|
| | Anterior
|

|
|}

(a)
\ (1)

| ©) \g”
-1

(& __——p % I

Figure 1 -4. Lateral ligaments of the right ankle
and foot

(a) Tibia; (b) Fibula; (c) Talus; (d) Cuboid; (e)
Calcaneus; (f) Fifth metatarsal; (1) Anterior
tibiofibular ligament; (2) Anterior talofibular
ligament; (3) Calcaneofibular ligament; (4)
Posterior talofibular ligament; (5) Bifurcate
ligament; (6) Calcaneocuboid ligament; (7)
Cubo - metatarsal ligament 2 (Reprinted with
permission from Blackwell Publishing)
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Figure 1 -5. Lateral and posterior ligaments of the left ankle

(A) Ligaments at the lateral side of the left ankle and midtarsal joints and (B) Post erior view of the left
ankle. (1) Tibia; (2) Fib ula; (3) Posterior talar process; (4) Calcaneus; (5) Cuboid; (6) Navicular; (7)
Anteroinferior tibiofibular ligament; (8) Inferoposterior tibiofibular ligament; (9) Anterior talofibular;

(10) Calcaneofibular  ligament; (11) Posterior talofibular ligament; ( 12) Bifurcate ligament : (a)
Calcaneonavicular ligament  and (b) Calcaneocuboid ligament; (13) Talonavicular ligament; (14) Slip of

the posterior talofibular ligament to the medial malleolus

Figure 1 -7. Medial ligaments of the right ankle
and foot

(a) Tibia; (b) Talus; (c) Sustentaculum tali of

the calcaneus; (d) Calcaneus; (e) Naviculum;

(f) M edial cuneiform; (g) First metatarsal; (1)
Tibionavicular ligament; (2) Calcaneonavicular,
or MASpri ng,20Reprodgcadmatm t
Reproduced with permi  ssion from Blackwell
Publishing)

Figure 1 -6. Medial ligaments of the right ankle
and foot

(a) Tibia; (b) Talus; (c) Sustentaculum tali of

the calcaneus; (d) Calcaneus; (e) Naviculum;

(1) Anterior tibiotalar ligament; (2)

Tibiocalcaneal ligament; (3) Posterior tibiotalar
ligament 2 (Reproduced with ed with permission
from Blackwell Publishing)
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The ligaments of the distal tibiofibular
joint primarily maintain the stability of
the ankle mortise and include the

interos seous, anterior tibiofibular, and
posterior tibiofibular ligaments. The
anterior talofibular lig  ament 8 a primary
restraint to supination and anterol -
ateral translation of the talus in the

mortise 0 is the most commonly injured
ligament during inversion ankle

sprains .%’ This ligament comprise s
eithe r a single ligament or a combina -
tion of a superior and inferior band Bin
general, the course of the ligament (or
bands ) is 44.8 ° from the frontal plane

in an anter omedial direction , from the
fibula deep to the peroneal tendon

sheath and over the sinus tarsi to

attach on the la teral neck of talus. On
average, itis 6.7 mm to 7.2 mm wide

and 19.1 mm to 24.8 mm long .89 The
calcaneofibular ligament restrains

dorsi flexion and adduction when
combined w ith dorsiflexion ,” and
exhibits its greatest elongation during
dorsiflexion and eversion  .% The liga -
ment courses 133 ° from the frontal
plane in an anter olateral direction from
the anter odistal fibula to the proxi -
molateral calcaneus. The calcaneofibu -
lar ligament runs deep and posterior to

the peroneal tendon sheath and

attaches approximately 13 mm distal

to the subtalar joint. On average, the
calcaneofibular ligament is 5.3 mm to
6.0 mm widea nd 26.8 mmto 35.8
mm long .%° The lateral talocalcaneal
ligament also restrains adduc  tion and
courses anterior but parallel to the
fibers of the calca neofibular ligament
from the lateral talus to the lateral
calcaneus. On average, it is 4.4 mm
wide and 26.5 mmlong .°

The posterior talofibular ligament
(PTFL) is the strongest and least com -
monly sprained of the lateral ankle
ligaments. Itre strains talar dorsiflex -
ion, plantarflexion, and external
rotation .” The ligament courses  from
the medial edge of the distal fibula
transverse to the posterior talus on the
lateral tubercle of the talar posterior
process. The PTFL is approximately 41
mm lo ng and 6 mm wide .8

The medial (deltoid) ligament
complex is made up of superficial and
deep layers , andis a str ong restraint
to talar abduction .%%' The superficial
ligaments cross two joints (talocrural
and subtalar), while  the deep liga -
ments cross only the talocrural joint
(Figure 1 -8, Aand B) . Although rarely
injured in isolation, the medial
ligament complex serves as a major
restrai nt to eversion in the unloaded

ankle and rotation in both the loaded

ﬂ Musculoskeletal Management of the Ankle and Foot



and unload ankle .! The superficial
components of the deltoid complex
include the: (1) tibionavicular liga -
ment , (2) tibiospring ligament  , and (3)
tibiocalcaneal ligament. The most
anterior band, the tibionavicular

ligament, originates from the anterior
colliculus of the medial malleolus and
inserts onto the dorsomedial aspect of
the navicular bone with occasional

fibers extending to insert on the spring
ligament and theta lus. The more
superficial and strongest band of the
superficial components |, the tibiospring
ligament, courses proximal to the
tibionavicular ligament and distal
(perpendicular from its origin on the
anterior colliculus) to the superior

border of the spring  ligament. The

Figure 1 -8. Medial and anterior ligaments of the left ankle
(A) Ligaments at the medial side of the left ankle and midtarsal joints and

(6) Anterior tibiotalar and tibionavicular ligame

CHAPTER1A PATHOANATOMY AND Bl OMECH

most proximal of the three ligaments,
the tibiocalcaneal li gament, originates
on the medial surface of the anterior
colliculus and inserts on the medial
border of the sustentaculum tali , With
occasional fibers extending to insert on
the spri ng ligament 1213

The deep components of the
deltoid complex include the posterior
tibiotalar ligament (superficial and
deep bands) and anterior tibiotalar
ligament. The posterior tibiotalar
ligament consis ts of su perficial and
deep bands and is the strongest and
thickest ligament of the deltoid
complex. The superficial and deep
bands both originate on the inter -

collicular groove.

(B) Anterior view of the left
deltoid ligament ; (1) Tibia; (2) Talus; (3) Calcaneus; (4) Sustentaculum tali; (5) Navicular tuberosity;

nts; (7) Tib iocalcaneal ligament; (8) Posterior tibiotalar

ligament; (9) Anterior tibiotalar ligament (deep part); (10) Plantar calcaneonavicular ligament
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The superficial band inserts on the complex is credited with 83% of the

medial talar tubercle and sustentacu - resistance to eversion in the unloaded

lum ta li, and the deep band inserts on ankle, with the calcaneofibular and

the medial talus under the tail of the anterior talofibular ligament as second -

articular facet as far as the posterome - ary restraints.  During loading of the

dial talar tubercle.  The anterior tibio - ankle and foot, 100% of the resistance

talar ligament originates from the to inversion /eversion is attributed to

anterior surface of the intercollicular the articular surface.

groove and distal edge of the anterior Stormont et al ! observed

colliculus and inserts ~ on the medial resistance to internal  -external rotation

surface of the talus just distal to the of the foot on the leg from the liga -

anterior part of the medial talar articu - mentous support during both unloaded

lar facet .23 The anterior tibiofibular and loaded ankle joint motions. The

ligament exhibits  the greatest strain anterior talof ibular ligament is the

during full ankle dorsiflexion and primary restraint (56%) to internal

ext ernal rotation, whereas the poste - rotation in the unloaded ankle during

rior tibiofibular ligaments exhibit the plantarflexion, while the deltoid com -

greatest strain during full ankle plex provides secondary restraint.

dorsiflexion and internal rotation J When the unloaded foot is brought into
When restricted to one plane of dorsiflexion, the deltoid complex be -

motion, Stormont et al (1985) ! comes the primary restraint to internal

observed that resistance to ank le rotation. During loading of the ankle

inversion /eversion is primarily by and foot, the deltoid complex remains

ligamentous support during unloaded the primary rest  raint to internal

ankle joint motions , and primarily by rotation, with the articular surfaces

the articular surface during | oaded and anterior talofibular ligament

joint motions.  The lateral ligament serving as secondary restraints. The

complex is credited with 87% of the primary restraints to external rotation

resistance to inversion in the unloa ded in the unloaded ankle are , first , the

ankle , with the calcaneofibular liga - calcaneofibular (65%) and , second, the

ment as the primary restraint and the posterior ta lofibular ligament, with the

anterior talofibular ligament as the deltoid complex and anterior talofibular

secondary restraint.  The d eltoid ligament providing secondary
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restraints. During loading of the a  nkle
and foot, the calcaneofibular and

posterior talofibular ligaments remain

the primary restraints to external

rotation with secondary contributions

from the articular surfaces, anterior
talofibular ligament, and deltoid

complex. The articular surfaces p  rovide
30% of the restraint to internal and

external rotation in the loaded ankle. 1

2. Subtalar Joint

The subtalar joint  (talocalcaneal -
talocalcaneonavicular joint/  articulation)
is comprised of articulations between
the posterior, middl e, and anterior
calcaneus and talus  (Figure 1 -9).
Although anatomically talocalcaneal
and talocalcaneonavicular are two
separate joints, clinically , itis one
functional joint complex with each
articulation sharing a similar axis of
motion and unableto mo  ve inde -
pendently of one another. The
talocalcaneal articulation accounts for
70% of the total articular surface; it
makes up the proximal compartment
and is formed by the concave infer 0-
posterior facet of the talus with the
convex super oposterior facet of  the
calcaneus. The talocalcaneonavicular
articulation is comprised of the smaller

concave surfaces of the superior

W Latera View

Medial View

Figu re 1 -9. Subtalar joint from the medial and
lateral view of the right foot

(a) Talus; (b) Calcaneus; (c) Sustentaculum tali
of the calcaneus; (d) Naviculum; (e)
Cuneiforms; (f) Cuboid; (g) Base of the fifth
Metatarsal; (1) Proximal compartment of the
subtal ar joint; (2) Distal compartment of the
subtalar joint 2 (Reproduced with permission
from Blackwell Publishing)

mid dle and anterior facets of the
calcan eus with the convex inferior
middle and anterior facets of the talus.

The distal compartment is oriented
more medial than the pro  ximal com -
partment, producing an axis of motion
that is approximately 42° from the
transverse plane and 16  ° from the
sagittal plane .>* (Figure 1 -10). This
axis of motion allows for a combination
of pronation (eversion  -abduction -dorsi -
flexion) and supination (inversion/
adduction/plantarflexion) , with total
excursion of the joint exhibiting 24 ° of

motion .3
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The amount of motion about these
axes includes 23 ° inversion/eversion,

10° abduction/adduction, and 3°to5°

dorsiflex ion/plantarflexion .4 Clinically,

the surface markings for the axis of the
subtalar joint are appreciated by
placing one index finger over the
dorsomedial aspect of the neck of the
talus and the other index finger over
the pr oximolateral edge of the
calcaneous .3

The two joint compar  tments are
separated by the tarsal sinus and canal
(also known as sinus tarsi and canalis
tarsi), which are lined with the d eep
ligaments (cervical and interosseous)
that act as the "cruciate” ligaments of
the subtalar joint. The cervical liga -
ment, the st rongest of the subtalar
ligaments, lies distal and lateral to the
interosseous ligament within the distal
part of the sinus  tarsi. The cervical
ligament courses distally from the
cervical tubercle of the calcaneus to
insert medially on the talar neck. The
interosseous ligament is comprised of
two bands that course obliquely
through the tarsal canal: (1) the
anterior band that ¢  ourses distally from
the calcaneal sinus to the inferior talar
neck and (2) the posterior band that
courses proximally from the calc aneal

sinus to the posterior talar sinus. The

Dorsal View

Figure 1 -10 . Oblique orientation of the
instantaneous axis of  rotation for the subtalar
joint

(a) Long axis of the foot; (b) Instantaneous

axis of rotation of the subtalar joint; (c) 16° (8°

to 24°) orientat  ion from the sagittal plane; (d)
42° (29° to 47°) from the transverse plane 2
(Reproduced with permission from Blackwell
Publishing)

interosseous ligame ntis also known as
the talocalcaneal ligament , or ligament
of the tarsal canal  (Figure 1 -11).

In additiontot he two deep liga -
ments, the subtalar joint also receives

ligamentous support from the periph

eral ligaments (calcaneofibular, lateral
talocalcane al, and fibulotalo calcaneal),
and the inferior extensor retinacul um.
The lateral and intermedi  ate roots of

th e inferior extensor  retinacula share
space within the  sinus tarsi with the
cervical ligament, while the medial root
shares space within the canal is tarsi

with the interosseous  ligament .%°
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Distal

Lateral

Proximal

Figure 1 -11. Subtalar joint from a dorsal view
(a) Naviculum;  (b) Cuboid; (c) Dorsal view of
calcaneus; (d) Plantar view of talus, where the
talus is flipped over; (e) Anteromedial calcaneal
articular surface of the subtalar joint; (f)

Proximal calcaneal articular surface of t he
subtalar joint; (g) Distomedial talar articular
surface of the subtalar joint; (h) Proximal talar
articular surface of the subtalar joint; (i)
Talocalcaneal interosseus ligament within the
tarsal canal 2 (Reproduced with permission from
Blackwell Publishing)

Together, these structures assist with
joint stability resisting excessive
motion within the subtalar joint 4
Tochigi etal found that sectioning
of the interosseous ligament in vitro
produced greatest instability in the
direction of inve rsion. They proposed a
clinical assessment for this by perform -
ing a drawer test of the talus on the
fixed calcaneus in the direction from
the posterior edge of the lateral
malleolus toward the center of the
medial malleolus .1°
Together, the interosseous and
cervical ligaments  resist supination
(adduction, plantarflexion, inversion),

while the isolated interosseous liga -

ment increase s inversion and dorsiflex -
ion stability .68 When both the
interosseous ligament and anterior
talofibular ligament are comprom  ised,
anter olateral rotatory instability of the

ankle increases .8 When the bifurcate
ligament is compromised, plantarflex -
ion/dorsiflexion of the talus increases ,
while compromise to the inferior

extensor retinacula and lateral talocal -
caneal ligament results in increased
inversion/eversion and internal rota -
tion/exte rnal rotation, respec tively.
Sectioning of the calcaneofibular

ligament results in compromise to the
subtalar joint within all three planes of
motion; thus, this ligament is defined

as a strong lateral stabilizer. When the
subtalar joint and ankle/taloc rural joint
are chronica Ily unstable , total recon -
struction of the calcaneofibular

ligament is recom mend ed. 8

3. Distal Tibiofibular Joint

The third joint of the ankle complex ,
the distal tibiofibular joint is a syndes -
mosis comprised of the distal articula -
tion between the concave tibial facet

and convex fibular facet. Although little
move ment occurs between the tibia

and fibula, accessory gliding afforded
within this joint is important for normal
mechanics of the ankle complex. The

distal ends of the tibia and fibula
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comprise the roof of the mortise of the ity, fusion of the distal tibiofibular joint

talocrural joint; therefore, stru ctural can create improved stability, which

stabi lity within this joint is extremely may lead to arthritis of the talocrural

important.  Stability within the distal joint secondary to restriction of move

tibiofibular joint is assisted by ligamen - ment of the talus within the ankle

tous support from the distal portion of mortise.

the interosseous membrane, trans - The ant eroinferior tibiofibular

verse tibiofibular ligament, interosse - ligamentis approximately 16 mm long

ous tibiofibula rligament, and anterior and 16 mm wide at its origin on the

and inferoposterior tibiofibular liga - anterior tubercle of the tibia, and

ments. approximately 13 mm wide at its
Clinically, compromise of the attachment on the anterior aspect of

anter oinferior tibiofibular ligaments is the distal fibula.  The anter oinferior

associated with severe eversion ankle tibiofibular li gament is ma ximally

sprains (deltoid ligament), and is tensioned during plantarflexion. The

commonly knownankes @ hi g h infero posteriortibiofibular ligamentis

s pr ai Imaddition, forced external the strongest of the distal syndesmosis
rotation of the talus in the ankle ligaments; itis  approximately 20 mm
mortise can further compromise the long and 18 mm wide at its origin on
stabilizing structures (anter oinferior the posterior tubercle of the tibia, and
tibiofibular and/or interosseous 12 mm wide ati ts fibular attachment.
tibiofibular ligament and/or infero - The infero posterior tibiofibular liga -
posterior tibiofibular ligament) of the ment is maximally tensioned during

distal tib ia and fibul a, resulting in a dorsiflexion. The transverse tibiofibular
syndesmotic injury with or without ligament has a fibrocartilaginous

fracture of the medial and lateral appearance and lies distal to the

malleoli .%° Increased instability within inferoposterior tibiofibular ligament.

the distal tibiofibular  joint with a The transverse tibiofibular ligament is
diastasis of more than approximately 2 often not discriminated from the

mm can lead to altered joint mechanics inferoposterior tibiofibular ligament;
and is associated with an increased therefore , it is frequently described as
incident of posttraumatic arthritis 22 n reinforcement of the posterior capsule
the case of trauma or chronic instabil - of the ankle joint , or as the deep
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portion of the  inferoposteri or tibiofibu -
lar ligament. The interosseous tibio -
fibular ligament (synde  smotic plate or
ligamentum malleoli lateralis interme -
dium) forms a triangle within the

sagittal plane, with its base 1.0 cmto

CHAPTER1A PATHOANATOMY AND
condy! e of the tibia and the head of the
fibula. The joint is enclosed by a
fibrous capsule and is strengthened by
anterosuperior, posterosuperior
tibiofibular, and lateral collateral liga -
ments. The joint is further rein  forced
anteriorly by the biceps femoris tendon

1.5 cm above the talocrural jo int. The
short strong fib  ers of the interosseous
tibiofibular ligament fan out almost

filling the space between the distal

tibia and fibula. The interosseous
tibiofibular ligament is mechanically
important because its elastic fibers
cushion and stabilize the distal
tibiofibular jo int. The distal portion of
the interosseous membrane consists of
aponeuro tic fibers recruited from the
superior origins of the anter oinferior
tibiofibular and  inferoposterior
tibiofibular ligaments, and begins
approximately 4-5 cm above the
talocrural join t. Overall, tibiofibular
stability is credited to the anter oinfe -
rior tib iofibular ligament  (35% ), the
transverse tibiofibular ligament (33% ),
the interosseous tibiofibular ligament
(22% ), and the inferoposterior

tibiofibular ligament (9% ). 1°

4. Proximal Tibiofibular Joint
The proximal tibiofibular joint is a
synovial joint comprised of the
proximal articulation between the

poster olateral aspect of the lateral

and posteriorly by the popliteus
tendon, w ith both insert ing onto the
fibular head. The joint becomes more
susceptible to injury when knee flexion
is greater than 30 °, secondary to
increased laxity in the biceps femoris,
popliteus, and lateral colla  teral
ligament .2°

Anatomical studies of the proximal
ti biofibular joint describe two joint
orientations: horizontal and oblique.
Horizontal joints (less than 20 °
inclination) have a fibular articular
surface that is circular and planar, or
slightly concave in  some cases , which
articulates with a similar planar -
circular surface on the tibia. The
articular surface lies beneath and
behind a projection of the lateral edge
of the tibia, which provides stability by
preventing forward displacement of the
fibula. Oblique oriented joints (greater
than 20 ° inclination) h ave a smaller
articular surface area . Because of this
type of orientation, the joint is less

able to accommodate torsional stress ,
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making it more prone to dislocation or
subluxation .2 The proximal tibiofibular
joint reported ly accept s one sixth of
the static load applied to th e leg during
ankle motion and weight bearing, and

assists in dissipating torsional, com -

pressive, and tensile forces trans mitted
through the tibia and fibula . Although
injury to the proximal tibiofibular | oint

is infrequent, clinically  , this joint
should be considered in the differential

diagnosis of a client who presents with

Distal

(3)

Dorsal

Lateral ‘\Q .I Medial

Rantar

Figure 1

{d)

lateral knee pain , especially after a

plantarflexion inversion ankle injury.

5. Midfoot

The midfoot is comprised of two
components: the talonavicular and
calcaneocuboid joints.
transverse tarsal,
are all synonymous with the articula
tions of the talonavicular joint medi
ally, and the calcaneocuboid joint

laterally (Figure 1 -12).

@ 7w

Proximal (@ ' P

Rantar

-12. Orientation of the midtarsal joints in the right foot

(1) Lateral view; (2) Medial view; (3) Axial view; (a) Talus; (b) Naviculum; (c) Talonavicular joint

plane, oriented in a dorsodistal to plantoproximal direction; (d) Calcaneus; (e) Cuboid; (f)

Calcane ocu boid joint plane, oriented in a dorsal to plantar direction, perpendicular to the lateral border
of the foot. (g) Lateral cuneiform; (h) Middle cuneiform; (i) Medial cuneiform; (j) Cubonavicular joint

plane, oriented in a dorsolateral to plantomedial di
Publishing)

rection 2 (Reproduced with permission from Blackwell
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Clinically, Chopartos

hindfoot from the midfoot and is

shaped like an italic i S on the dorsum

of the foot. The line courses from the
navicular tuberosity on the medial side
to a point midway between an imagi
nary line running from the tip of the
lateral malleolusto  the base of the
metatarsal bone .?? Ligamentous
support of the midfoot is provided by
eight ligaments, with the strongest and
thickest ligaments being the long
plantar, short plantar, and spring
ligaments. Toge ther, these structures
work closely with the subtalar joint to
control most of the pronation and
supination of the foot. The midtarsal
joint allows for a stable base during
standing . H owever, the main functions
are observed during gait to unlock and
lock t he foot.

During weight acceptance, unlock
ing the foot allows for surface adapta
tion and energy dissipation,  while
locking of the foot increases foot
rigidity for efficient propulsion as the
gait cycle advances to push off  .%

Locking and unlocking of the
midtarsal joint occurs through two
principle mechanisms.  The firstis
based on the orientation of the joint
axes of the talonavicular and calcane

ocuboid joint.  During eversion of the

CHAPTER1A PATHOANATOMY AND Bl OMECH
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Figure 1 -13. Physiological locking mechan ism
of the forefoot seen from an axial view

(1) Paral lel, or unlocked, position of the tarsals
and flexion -extension axes in pronation; (2)
Non - parallel, or locked position of the tarsals

and flexion -extension axes in supin  ation; (a)
Cuboid; (b) Naviculum  -cuneiform complex; (c)
Flexion -extension axis of the calcaneocuboid
joint; (d) Flexion -extension axis of the talo -
navicular joint 2 (Reproduced with per  mission
from Blackwell Publishing)

subtalar joint, the axes are more
aligned allowing for flexibility, while
during subtalar join tinversion, the
axes are out of alignment resulting in
loss of motion 2* (Figure 1 -13). The
functional unit of the tibia, talus, and
calcaneus is credited with the second
mechan ism. From heel strike to foot
flat, the tibia undergoes progressive
internal rotation coupled with eversion

of the calcaneus , resulting in a more
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loose -packed position of the midtarsal
joint and allowing for greater flexibility.
From foot flat through pus h off, the
tibia externally rotates coupled with
inversion of the calcaneus , resulting in
a more closed -packed position that
allow s for rigidity and greater efficiency
during push off .25-28 With fixation of the
subtalar joint, the midtarsal joint can
produce one -third to one -half of the
total range of foot inversion / eversion .3
Traditional descriptions of the
midtarsal joint axes include an obli que
axis and a longitudinal (proxim odistal)
axis. The oblique midtarsal joint axis is
oriented 52 ° to the horizontal and 57  °
to the sagittal planes  (Figure 1 -14).
Movements around the obli  que axis are
eversion -abduction -dorsiflexion and
inversion -adduction -plantarflexion. The
surface markings of the oblique
midtarsal joint axis  are appreciated
clinically by palpating the dorsomedial
aspect of the talar head with one index
finger and placing  the other index
finger on the later  oplantar surface of
the calcaneu s. This axis lies approxi -
mately 2 cm to 5 cm anterior to the
talocalcaneonavicular joint axis .2 The
longitudinal joint axis is inclined 15 ° to
the horizontal and  9° to the sagittal
planes. Movements around this axis

are eversion with slight abdu ction -

Dorsal View

a)

Lateral View

Figure 1 -14. Oblique orientation of the
instantaneous axes  of rotation for the midtarsal
joint

(a) Long axis of the foot; (b) Transverse Tarsal
Axis of the midtarsal joint oriented + 9° in the
transverse plane and + 15° in the parasagittal
plane from the long axis of the foot; (b)

Peritalar axis of the midtarsal  joint is oriented *
57° inthe transv  erse plane and + 52° in the
parasagittal plane from the long axis of the

foot 2 (Reproduced with permission from
Blackwell Publishing)

dorsiflexion and  inversion with slight
adduction -dorsiflexion .® The surfac e
markings of the proxim  odistal joint

axis is appreciated by palpating the

dorsal aspect of the navicular with one
index finger halfway between the mid -
line of the dorsum of the foot and the
medial border of the foot, a nd placing
the other index finger on the lateral
side of the proximal aspect of the

calcaneus . The axis lies approximately
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2cmto5 cm superior to the talocal -
caneonavicular joint axis .3

More recent investigations of the
midtarsal joint axis  of rotation suggest
that the motion is triplanar around a
single axis .%?° This axis is oriented
approximately 38° from the transverse
plane and 29 ° from the sagittal plane ~ 2°

(Figure 1 -15).

a. Talonavicula  r Joint

The talonavicular joint is comprised of
the proximal biconvex  talar head artic -
ulating with the biconcave navicular

and dorsal surface of the superomedial

calcaneonavicular ligament . The deep

portion of the superomedial calcane -
onavicular ligament  articulates with the
talar head and consists of a fibrocarti -
lage laye r covered by a single layer of
synovialcells .3° The concave joint -
specific treatment plane courses

plant oproximal to dors odistal. Since
the articulation of the navicular on the
talus is a ball -and -socket shape, this
allows the nav icular to rotate on the
talus in three treatment planes. Static
support of the joint includes the spring
and talonavicular ligaments, while
dynamic support is provided by the
tibialis posterior and the intrinsic and

extrinsic foot flexor muscles.

Figure 1 -15. Instantaneous axes of rotation for the midtarsal joint

Average instantaneous axes of rotation for the midtarsal joint in the transverse plane a
of the left foot as compared to the previously described longitudinal and oblique axi
joint described by Hicks (1953) 31 (Reproduced with permission from

Medical Association )

nd sagittal plane
s of the midtarsal
Journal of the American Podiatric
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