CHAPTER 48

RADIOLOGY AND BIOMECHANICAL FOOT TYPES

Donald R. Green, D.P.M.

Most every physician takes or orders x-rays in his
practice, What do foot x-rays tell you? They may
demonstrate fractures or dislocations, pinpoint
opaque foreign bodies, suggest various arthritides,
reflect a variety of systemic diseases, show osseous
growths or lesions, and illustrate various osseous
relationships which help in our evaluation of the
pathological foot types.

DEFINITIONS

Angle and Base of Gait

In order to compare any radiographs. there must
exist a standard of comparison. The standard for
podiatry has become the angle and base of gait
x-rays.”* The angle of gait is the amount that each
foot deviates from the line of progression, The
normal range is 7.3" to 10" The base of gait is the
distance between the medial malleoli during gait
(Fig. 1).

Figure 1. The angle of gai is the amoun each
foot deviwes from the line of progression. The
right foor is approximarcly 77 abducted from the
line of progression. The base of gait is the
clistance berween the medial malleoli during gait,
This is upproximately ene inch in this patient.

Dorsoplantar (AP/DP) X-Ray

The AP x-rays are laken one at a time, with one
foot positioned on the x-ray while the second foot
is placed in the angle and basc ol gait. The x-ray
beam is 15" from the perpendicular and is directed
toward the midtarsal joint. The patient should be
facing in the direction of progression when placed
in the angle and base of gail. If the patient is not
placed in his angle and base of gait, there can be a
large variation in the osseous relationships,
Adduction can cause supination: abduction can
cause pronation.

Lateral X-Ray

When taking a lateral x-ray, the patient is placed on
the ortho-poser simulating his or her angle and
base of gait. The patient is directed to face in the
dircction of normal progression of gait. The x-ray
unit is directed at the midtarsal joint. One foot is
parallel to the film; the other foot is placed in the
angle and base of gait. A standard lateral weight-
bearing x-ray is taken of each foot in the angle and
base of gait (Fig. 2),
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Figure 2. This shows the technique [or the left foor lateral x-ray angle
and basc ol gail.
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Standard Parameters

When these standard lateral and AP x-rays are
compared, certain parameters can be followed. The
foot can be divided into three basic parts rearfoot,
midfoot and forefoot. The relationships between
the various parts of the foot will tell us a lot about
the [oot type. To compare the relationships of
various parts of the fool, however, we need
standard references.

The rearfoot is made up of the calcaneus and
the talus. The longitudinal direction of the rearfoot
is measured by a line that passes through the
bisection of the posterior aspect of the calcaneus,
and passes through the anterior superior medial
aspect of the calcaneus. This will give us the
general direction of the rearfoot (Fig. 3).%

Practically speaking, this cannot always be
measured accuratcly on an AP view. The posterior
aspect of the calcaneus is often obliterated by over-
riding tibia and fibula. However, the line also
parallels the distal trabecular pattern in the calcancus

(Lateral border of the calcaneus).* We label this line
the longitudinal bisection of the tarsus (rearfoot).
This is the reference line showing the general direc-
tion of our rearfool (calcaneus and talus).

The midfoot or lesser tarsal area is made up of
the navicular, the three cuneiforms, and the cuboid.
The general direction of the midfoot is measured
by a line that passes equi-distant between the
talonavicular articulation and the first cuneiform-
first metatarsal articular and between the calcaneal
cuboid articulation and the cuboid-fifth metatarsal
articulation excluding the styloid process of the
fifth meratarsal, (This latter articulation point is
very close to the lateral aspect of the fourth
metatarsal cuboid joint).” This simply gives a
scientifically measurable line to the general
direction of the lesser tarsus. To find the long-
itudinal direction of the lesser tarsus, we simply
drop a perpendicular to this line which is given the
label Ilongitudinal bisection of Lhe lesser tarsus.
This line is the reference line showing the general
dircction of the lesser tarsal area (Fig. 4).

Figure 3. Longitudinal Bisccton of the Tars
(Rearfoot), Classically. the biscction is me
by @ line (rom the biseclion of the posterior
aspect of the calcancus thal passes through the
anterior superior medial aspect of the caleaneus,
Clinicallv, it is oflen difficult 1o locale the
hiscetion of the posterior aspect of the calcaneus
duc to obliteration by the overriding 1ibia and
fibula. A more practical parallel refercnce line
thal mirrors the above relerence line s often
used. This line parallels the lateral aspect of he
calecancus and distal caleancal twabecular patiern
(ignoring 1he small distal calcaneal condylel,

Figure 4. Tongitudinal Bisection of the Tesser
Tarsus. The general direction of the lesser tarsus

is measired by a line that passes equidistance
betwesn the medial 1alonavicular and medial first
metatarsal first cunciform  articulations and
Berween the laeral calcanes] cubeid articulation
and the cuboid fifth metatarsal  aniculation,
exclnding  the siyloid process af the 5ib
meleticrsal, (The later ardculalion point is very
close o the lateral aspect of the 4th metatarsal
cuboid joint) 1o get a longiudinally direced
reference line, a perpendicalar s drawn o this
general bisection of the lesser tarsus.
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The general direction of the [orefoor is
demonstrated by the second metatarsal. Since the
direction of cach individual metatarsal can he
varied (especially the first and fifth metatarsals), the
most characteristic and least variable metatarsal is
the second meratarsal. Thus, if we measure the
direction of the second metatarsal, we can obtain
the general direction of the forefoot, The reference

line for the forefoot is the hisection of the shaft of

the second metalarsal (Fig. 5).°

EVALUATIONS AND RELATIONSHIPS
OBTAINABLE FROM THE AP VIEW

There is a great deal of information that can be
obtained from the AP view taken in the angle and
base of gait.(Table 1)

Table 1

EVALUATIONS FROM THE AP VIEW

1. Forelool adductus angle

2, Mertatarsus adductus angle (Engle’s Angle)
3. Lesser tarsus abductus angle

4. Cuboid abduction angle

5. Talocalcaneal angle (Kite’s Angle)

0. Percent of talo-navicular articulation
Mctatarsus primus adductus
8. “True” intermetatarsal angle
9.  1st metatarsal calcaneal angle
10, Hallux abductus angle
11, Sesamoid position
12, Tibial sesamoid 2nd metatarsal distance

Figure 5. Biscction of the Sccond Mela 1] The
general direction of the forefoot is measured by
cting the second metatarsal. The metatarsal is
measurcd by a line that p 5 through the f
hisection just proximal to the necl and just distal
10 the flare of the base,

s
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Figure 6A. Foreloot {Adduatus) Angle. This is the
angle
second metat
hisection of th

anet the rearfoot dongitudinal
Tarsus ),

Figure 6C. This angle decreuses in pronalion as
the forefoor abducts on the rearfoor and can
cven become an abducted angle as scen in this
pronated foot x-ray,

formed berween the Torelaon (hisection of

Figure 0B, N-rav in u neutral position. This is
ustally slightly less than the metatarsus adductus
angle in a neutral subtalar position.

Forefoot vs. Rearfoot

Forefoot vs. rearfool is the relationship berween
the forefoot and the rearfoot (tarsus) as measured
by the angle formed by the bisection ol the second
metatarsal and the longitudinal bisection of the
tarsus (rearfool). The normal value is undeler-
mined. This relationship is called the forefoot angle
and is a positional angle. Since the forefoot is
usually adducted on the rearfoot, it is often referred
to as the Forefoot Adductus Angle (Figs. 0A, 6B).
This is a positional angle. (In a neutral position
x-ray, this is usually slightly less than the metatar-
sus adductus angle.) This angle will vary with
pronation and supination. The angle decreases
with pronation as the forefoot abducts on the
rearfoot. The angle increases with supination as the
forefoot adducts on the rearfoot (Fig. 6C).*
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Figure 7A. Metatarsus Adductus Angle, This is an
angle formed belween the forefoot (hisection of
the second metaarsal) and the midfoot (ongilo-
dinal bisection of the |

SSET TATSUS).

Figure 7C. This angle changes very lille in a
supinated or pronatcd foot X-ray, as seen by this
pronated foot x-rav.

Figure 7B, X-ray ina wertral position. This angle
is usually slightly more than the Tarefool
adductus angle in the neutral subtalar positicon,

Forefoot vs. Midfoot

Forefoot vs. midfoot is the relationship between the
forefoot and the lesser tarsus as mecasured by
the hisection of the second metatarsal and the
longitudinal bisection of the lesser tarsus. The
normal value is 10 to 207 (average 137. This is
called the Metatarsal Angle and is a structural
angle. Since the forefoort is usually adducted on the
midfoot, it is often referred 1o as the Metatarsus
Adductus Angle (Pigs. 7A, 7B).? This is a structural
angle. In a neutral position x-ray, this is usually
slightly more than the forefoor adductus angle, This
angle is wvariable from foot to foot but usually
changes very little with supination and pronation.”
The bony structures of the forefoot are somewhat
osscously interlocked (Fig.7C). Note: This angle is
probably the single most important angle used in
determining the transverse plane foot structure
(adductus vs. rectus foot tvpe).
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Figure 8A. Engle’s Angle. This is a guick
catimarion reference ol the melatarsus adductus
angle. This angle is formed between the Torefoot
(bisection of the sccond metararsal) and the
bisection ol the second cuneiform,

Figure 8C. This angle mirrors the  meiarsus
adductus and  also changes very linle wirh
pronation and supination as shown by this
pronated [oor x-ray.

Figure #h. X-n

cin the neutral position, demaon-
straring a 3-+" higher angle than the metararsus
adcucrus angle.

Ingle’s Angle is a quick estimation of the
metatarsus adductus angle. The normal value is 18",
The angle is formed by the bisection of the 2nd
metatarsal and the longitudinal bisection of the
second cuneiform bone, It is usually 3" tw© 4
degrees higher than the metatarsus adductus angle.
This will mirror the metatarsus adductus angle
(Figs, BA-8C).”
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Figire 94, Lesser Tarsus Abductus Angle, This is
an ungle formed between the midloon (angitudi-
nal bisection of the lesser O and the rearloot
tlongitudinal biscction of the tarsus),

Figure 9C. This angle increases with pronation as
the foreloor and micloor abduct on the reacloor
as shown in this pronated foor xrayv,

i/

Figure 98, N-ray in the neviral position.

Midfoot vs. Rearfoot

Midfoot vs. rearfoot is the relationship between the
lesser tarsus and the rearfoot as measured by the
longitudinal bisection of the lesser tarsus and the
longitudinal biscction of the tarsus. This is called
the Lesser Tarsus Angle. Since the midfoot is
usually abducted on the rearfoot, this is called the
Lesser Tarsus Abductus Angle (Figs. 9A, 9B)." This
angle is a positional angle and will vary with
subtalar joint pronation. increasing with pronation
at the midtarsal joint and abduction of the midfoot
(Fig. 9C). This angle will decrcase with supination
of the subtalar joint and adduction of the midfoot.”
This angle is not commonly measurcd, as the
relatonship between the cuboid and calcaneus is
easier 10 measure, and gives a good indication of
midfoot to rearfoot relationship.

Relationships between the individual bones
can provide a great deal of information about the
foot.
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asurcd beraeen the general direction of
the: cuboid (Jateral border mabeculae) and the
rearfoal (longitudinal bisection of the tgsus),

Tigure 10C. This angle increases with pronation
as the forcfoot and midfoor abducr on the rear-
foot as shown in this pronatcd [oor s-rav.

Figure 103, X-ray in ncutral position.

The Cuboid Abduction Angle is an estimation
of the amount of abduction of the cuboid on
the calcaneus as measured by the longitudinal
bisection (or lateral border) of the cuboid and the
longitudinal axis of the calcancus. The normal
value is 0 to 3" The calcancal reference line
remains the longitudinal axis of the tarsus (rear-
foot). This angle estimates the amount of abduction
of the midfoot on the rearfoot and mirrors the
lesser tarsus abductus angle (Figs. 10A, 10B8).%" This
is a positional angle. With pronation of the
subtalar joint and abduction of the forefoot and
midfoot on the rearfoor. the cuboid abducts,
increasing this angle (Fig. 10C). With supination of
the subtalar joint and adduction of the forefoot and
midfoot on the rearfool, the cuboid adducts,
decreasing this angle and occasionally causing a
cuboid adductus angle.
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Figure TTA. Tulocaleaneal (Kile's) Angle, This is
an angle fonmed berween the hisection of the
head and neck of the alus and the calcanecus
Hongitudinal  bisection  of the tarsus) on a
dorsoplantar x-rav,

Figure 11 With adduction of 1the 1alus in
pronation, this angle increases as shown in this
pronated [oor x-ray.

Figure TTH. X-ruy in a neutral position,

The Talocalcaneal (Kite's) Angle is an estima-
tion of the amount of divergence ol the calcancus
and rtalus. This angle is measured between the
bisection of the head and neck of the talus and
longitudinal axis of the calcaneus. The normal
value is 18", The calcaneus alrcady has a reference
line - the longitudinal axis of the tarsus (rearfoor)
(Figs. 11A, 11B).* Note: Don't confuse this with
the lateral talocalcaneual angle that is measured on
a weight bearing lateral x-ray view. This is a
positional angle. With pronation of the subtalar
joint and adduction of the talus, the talocalcaneal
angle increases (Fig, 11C) With supination of the
subtalar joint and abduction of the talus, the tulo-
calcancal angle decreases.”
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Figure 12A. Percentuge of  Talonavicular
Articulation. This is an estimation of the percent-
age thar the head of the malus articulates with the
navicular, The amount of navicular amticulation
with the talus is estimated. The amount of ol
talar articulation at the head is estimaled, The

percentage of articulation versus the amount of

talar head articulation available is then cstimated.

Figure 120, With adduction of the talus in
promation,  the  percentage ol  lalar head
articulation diminishes, as seen in (this pronaled
foor x-rav.

Figure 128, Xrav in neutral position.

The lalonavicilar Congruity is an estimation
of the amount that the head of the talus articulates
with the navicular. The normal value is >75". This is
determined by the percentage ol apparent articular
surface which is articulating with the navicular (Figs.
12A, 12B). This is a positional angle. With pronation
of the subtalar joint and adduction of the talus, the
percentage of talar head articulation diminishes.
With supination of the subtalar joint and adduction
of the talus, the percentage of talar head articulation
increases (Fig, 12C).
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The Metatarsus Primus Adduclus Angle is an
estimation of the amount of deviation of the first
metatarsal from the rest of the forefoot as measured
by the bisection of the first metatarsal and the
bisection of the second metatarsal. The normal
value is 8" This is also relerred to as the IM (inter-
metatarsal) angle (Tigs. 13A, 13B).7 This is mostly a
structural  angle. (However, in bunionectomy
surgery, this can be reduced a significant amount

Figure 134, Metalarsus Primos Adductus Angle
(Imtermetatarsal Angle). This is the angle [ormed
herween the bisection of the first metararsal and
the rest of the forefoot (as measured by the
hizcetion of the second metatarsal),

without osteotomy correction.) This angle increases
(subluxes) with the lack ol stability of the 1st ray.
The 1st ray stability depends on the stability of the
joints proximally. Thus, with unlocking of the
midtarsal joint. the first ray becomes unstable,
allowing the metatarsus primus adductus angle
lo increase over tme, Subluxation will allow
adduction of the first ray and therefore increase the
metatarsus primus adductus angle (IMA).

Figure 138, This angle increases (subluxes) with Tack of siability of the
lirst ray, demonstrated in this x-rav,
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Figure L1A, True Intermetatarsal Angle IMA. This
angle measures the structural deviatdon of (the
first metalarsal from the midfoot Oongitucdinal
hisection of the lesser tarsus) minus the normal
amount of the metatarsus adductus angle.

Tigure 14C. Different foat with larger metatarsus
adductus,

Tigure 14H, N-ray of a foor with a high metatar-
sus adductus:

The True Intermetatarsal Angle (IMA;) is an
estimation of the amount of deviation of the first
metatarsal from the normal midfoot. This takes into
account the metatarsus adductus angle. The normal
value is 8. Since any increase to the metatarsus
adductus angle increases the medial deviation of all
the metatarsals, the 2nd metatarsal reference line is
also deviated medially. Thus, the true inter-
mertatarsal angle equals the measured IMA + any
increase in the metatarsus adductus angle over the
normal 15" (Figs. 14A, 14B).°

IMA = TMA + (MAA - Normal 157

This is a structural angle and will change very
little with supination and pronation. This angle
more accurately measures the structural adductus
of the [irst ray as it rclates to the foot. It is a
clinically important angle (Fig. 14C).
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Figure 134, Tirst Metatarsal-Caleaneal Angle (Tst
Met-Cale Angler. This angle mcasures the
farion ol the first metatarsal bisccton [rom
the rearfoot (longiudina bisection of the tarsus).

Figure 15C, When the foor 35 placed in o newral
position, the first metatarsal prominence Chigh
IMA and/ar high metiarsus adductus angle) may

become  unmasked as the  first metatarsal-
calcancal angle is increasec.

Figure 138, The structural medial prominence of
the [irst metatarsal can be hidden with abduction
of the forcfoot and midfoot on the rearfoot in a
pronated foot x-ray. This can result in a Jow lirst
melalarszl-calcaneal angle.

The First Metatdarsal-Calcaneal Angle (1st
met-cale angle) is an estimation of the transverse
deviation of the 1st metatarsal from the rearfoot. The
normal value is undetermined, This takes into
account the stuctural metatarsus adductus angle
and the positional [orefoot adductus angle (Figs.
15A, 13B). This is a clinical evaluation of the
relationship of the 1st metatarsal to the fool in a
compensated position. This is an important
evaluation, especially when the pronated foot is
controlled in a more neutral position. This is a
structural and positional angle, This angle will
decrease with pronation as the forefoot abducts on
the rearfoot. This angle will increase with supination
as the forefoor adducts on the rearfoot (Fig. 15C),
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Figure 18, Hallux Abductus Angle (HAA) This is the angle farmied

between the bisection of the proximal phalanx of the hallux and the
biscetion of the [irst metatarsal,

The Iallux Abducius Angle is an estimation of
the deviation of the hallux as measured by the
longitudinal hisection of the proximal phalanx and
the bisection of the first metatarsal (Fig. 10).” The
normal value is 13-16". This is a combined
structural and positional angle. This angle will
increase in proportion to the amount of adduction
of the first metatarsal. Consequently, a hypermobile
pronated foot which allows an increase in the
metatarsus primus adductus angle will also lead to
an increased hallux adductus angle.,

The 1ibial Sesamaoid Position is an estimation of
the lateral deviation of the sesamoids in relation 1o
the first metatarsal head as measured by the relation-
ship of the tibial sesamoid and the bisection of the
first metatarsal (Figs, 17A, 17B)." This is 4 combined
structural and positional alignment. The sesamoids
show a relative lateral drift with the increased medial
deviation of the [irst metatarsal. This occurs in a
bunion deformity with any increased metatarsus
primus adductus angle and an increased IIA angle.
The 7-position scale is as [ollows:

=1. Entire tibial sesamoid is medial 1o the 1st

metatarsal bisection.

=2. Lateral aspect of the tibial sesamoid is tan-

gential to the metatarsal bisector.

=3, The lateral 1/3 of the tibial sesamoid over-

laps the bisector.

24 The tibial sesamoid is centered over the

hiscctor.

=5, The medial 1/3 of the tibial sesamoid over-

laps the bisector,

=4, The medial aspect of the tibial scsamoid is

rangential to the bisector,

=7, The entire tibial sesamoid is lateral to the

biscctor. The normal values are 1 and 2.

Lateral Medial

Figure 174, Tihial Sesamoid Position. The posi-
ticn of the tbiul scsamoid versus the bisec
the first metatarsal on a 7- posiion scale. =10 The
enlire tibial sesamoid is medial w the first
meratarsal bisection. =2, The luteral aspect of the
ribial sesamoid touches the biscotor, =3, The lat-
cral 173 of the tibial sesamoid overlaps the
hiseclor, =<, The 1 sesamodd is centercd over
the bisector. =35, The medial 173 of the tbial
sesamoid overlaps the hisecror . The mediul
aspect of the tibial sesamoid wuches the bisec-
tor, =7 The entre tibial sesamoid is lateral w the
Trisecion.

Figure 173, Neray demonstrating 4 =5 position ol
the tibiul sesumoid.

tion of
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Figure 18, Tibial Sesumoid-Scoond  Metatarsal
Distance (TSMD). This i the perpendicular
distance in millimeters from the medial aspect of
the tibial sesamoid to the biseotion of the second
metatarsal.

)
.

f

_

/ /1%

Figure 19B. Postoperative x-rav ol a Closing basc

wedge osteolomy-Mclide bunioneciomy show-
ing reduction of the hallux abductus angle, the

intermetatarsal angle, and the tbial sesamaoid
position, The tibial moid - second meatarsal
distunce remains cssentally unchanged.

Tigure 19A Preoperative x-ray of a hallux
abductovalaus wnstrating  the  hallux
abductus angle, the intermetatarsal angle, the
tibial sesamoeid position, and the tibial sesamoeid
second metatarsal distance.

The Tibial Sesamoid-2nd Metatarsal Distance
(TSMD) is the perpendicular distance in millimeters
from the medial border of the tibial sesamoid to the
bisector of the 2nd metatarsal (Fig. 18)." This is a
structural distance. The sesamoid apparatus is firmly
fixed within the soft tissue structures of the plantar
aspect  of the foot. Any change in the
relationship between the 1st metatarsal head and the
sesamoid apparatus is primarily the result of move-
ment of the [irst metatarsal. The distance between
the tibial sesamoid and the second metatarsal
remains lixed. In performing hallux abducto valgus
surgery (bunionectomy), the intermetatarsal angle,
the hallux abductus angle, and the tibial sesamoid
position are all usually reduced. Towever, the tibial
sesamoid-2nd metatarsal distance remains relatively
unchanged (Tigs. 19A, 19B).
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EVALUATION AND RELATIONSHIPS
OBTAINED FROM THE LATERAL VIEW

We can also obtain a great deal of information [rom
the lateral weightbearing x-ray view taken in the
angle and base of gait (Table 2). The standard
weight-bearing reference is measured by a line
from the plantarmost aspect of the calcaneus and
the 5th metatarsal head (Fig. 200,27

The Cualcaneal Inclination Angle is an
estimation of the pitch of the calcaneus as
measured by the line extending from the proximal
plantar surface of the calcancus to the anterior
inferior aspect of the calcaneal cuboid joint. This
line is compared to the weight-supporting
surface.*?” This is primarily a structural angle. In
general, this angle usually changes very little in the
sagittal plane with weight-bearing pronation and
supination (Figs. 21A, 21B).” The normal is 24.5°
with a range of 18" to 30",

Note: The plantar condyle of the calcaneus
may become prominent with inversion and ever-
sion, This may falsely appear to change the
calcaneal pitch in  supination or pronation.
However, the calcaneal cuboid joint does not
become significantly depressed or elevated itself.
Thus, the calcaneal inclination angle depends more
on the sagittal plane relationship of the forefoot to
the rearfoot than on pronation or supination.™*

supporting relerence measured by (the plantammost aspect of the ¢

and the 3th metatarsal head, Line cd is the line from the anterior inferior
aspect of the caleansus 1o the anterior aspect of the caleuneal cuboid joint,
Line el is the bisection of the head and neck of the mlus which passes
equidistant from dorsal and plantar marging of the ardeular facet of the
talar head and equidistanr from dorsal and plantar mar, the: talar
neck 1.3 ¢m proximal from the anicular margins, A, Caleaneal inclination
angle. B, lalar declination angle. D, Lateral mlocaleaneal angle.

Table 2

EVALUATIONS FROM THE
LATERAL VIEW

1. Calcaneul inclination angle
2. Talar declination angle

3. Lateral talocalcancal angle
4. Kirby sign

5. Cyma line

6. 1st metatarsal declination angle
Seiberg Index
Lateral talo 1st metatarsal angle
(navicular cunciform fault)

9. 5th metatarsal declination angle
10.  Ileight of the navicular

o

Figure 21A. Pronated fool x-ray. A. Caleancal inclination angle changes
very little with pronation. B, Talar declination angle changes quile o
bit, increasing with pronation. 1. The lateral talocalcancal angle also
] a great deal, inereasing with pronation.

Figure 213, Supinated (oot xray. A Caleancal inclination angle

changes very lirtle with supination. B. Talar declination angle changes
quite a bit, decreasing with supination. 1), The lateral talocalcaneal
angle also changes a great deal, decreasing with supination.,
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Pes Cavus. With a rigid forefool or metatarsal
cavus, a fixed plantar flexion of the forefoot or
metatarsus on the rearfoot, there will be a reflex
buckling of the rearfoor which will cause an
increased  calcancal inclination angle. Moderate

deformity is 317 to 40 >40" is considered to be
severe deformity, (Figs. 22A, 22B).*" Supination
and pronation from this position will once again
not alter the calcaneal inclination angle significantly
(22C, 221D).

Figure 22A. Pes Cavus. Rigid increased declination of the lorefoor,

Figure 221, Darsiflesion of the [oor at the ankle to ger the (orefoot and
the hecl on the sume plane increases the caleaneal inclination angle,

Figure 22C Supinated cavus Chigh archy foar

Figure 2213, Pronared cavus Chigh arch) foor
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Pes Valgo Planus. With unlocking of the
midtarsal joint in the lateral column, the calcaneus
and the talus can sublux plantarly as « unit over a
period of time. This is often referred to as
dorsiflexion of the forefoot on the rearfoot.
[Towever, in gait, this subluxation occurs in stance,
as the pull of the gastrosoleus complex forces the
rearfoot into plantar declination as it atempts to lift
the foot and heel from the ground. The unlocking
of the lateral column is most commonly caused by
excessive pronation of the subtalar joint, This leads
1o lowering of the calcancal inclination angle by
structural subluxation.”™ Since the rearfoot is
structurally lowered, supination from the pronated

‘-!»f,fff”! o
et
&

L

Figure 23A. With unlocking of the midtarsal joint in the Jaieral column,
the ralus and calcancus can sublux plantarly as 2 unit over a period of
time.

position will once again not alter the calcaneal
inclination angle significantly (Figs, 23A-23C).

Pes Planus is simply a low arched foot, This
foot will function in a normal lashion with a
neutral resting stance position. Although the x-ray
of this foot will have a low calcaneal inclination
angle, the remaining parameters will be essentially
normal. A calcaneal inclination angle of 107 1o 18"
is considered moderate deformity: <107 iy severe
deformity (Fig. 24). Note: The calcaneal inclination
angle is probably the single most important angle
used in determining the sagittal plan foot structure
(pes cavus vs. pes planus).

Figure 231, A low calcaneal inclinaton angle iz seen in this pronated
foaol x-rav.

Figure 23C. The caleaneal inclination angle remains low as this foot s
supinated.

Figure 24. This pes planus fool has o low calcancal inclinalion angle
s il rests in neutral stance position.
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1he Talar Declination Angle is an estimation
of the plantar tlexion of the talus as measured
between the bisection of the head and neck of the
talus and the weight supporting surface measured
by the plantarmost aspect of the calcaneus and Sth
metatarsal head, The bisection of the head of the
talus is measured by bisecting the dorsal and
plantar articular surfuce of the talar head, The talar
neck is bisected at a level 1.5 centimeters from the
dorsal articular surface and 1.5 centimeters from
the plantar articular surfuce of the talar head, The
linc connecting these equidistant points is the
bisection of the head and neck of the talus.:
Normal is 217,

This angle increases (ie. increased plantar
flexion of the talus) in subtalar pronation,
especially pronation with calcaneal eversion past
the perpendicular. This angle decreases (ie.
increased dorsiflexion of the talus) in subtalar
supination.”™* Normally, the extension of the
bisection of the head and neck of the talus passes
through the Tst metatarsal head in neutral position
(Figs. 20, 21A, 21B).

The Laleral lalocalcancal Angle (Tat-TCA) is
an estimate of the amount of divergence in the
talus and the calcaneus on the lateral radiograph.
This angle is formed by the longitudinal bisection
of the head and neck of the talus and the calcaneal
pitch. The calcancal pitch already has a reference
line, a line extending from the plantar surface of
the calcancus to the anterior-inferior aspect of the
calcaneal cuboid joint.*”

This angle can bce measured on the lateral
radiograph or can be calculated from the calcaneal
inclination angle and the talar declination angle.
The lateral talocalcaneal angle equals the sum
of the calcaneal inclination angle and the talar
declination angle (Lat-TCA = CIA + TDA). Since the
calcancal inclination angle and the talar declination
angles are measured against a common line (the
weight-bearing surface), cach makes an angle with
this bascline. Thus, a triangle is formed. The
normal is 43° (range 40°- 507).

A triangle = 180"

If the calcaneal inclination angle (CIA)= A
Tf the talar declination angle (TDA)=B

And the remaining angle of the triangle = C
Then: (CTAJA + (TDA)B + C = 180" ..
(CIAJA + (TDA)B = 180" - C

A straight line = 180"
If the lateral talocalcaneal angle (LA1 TCA) = D
And the remaining angle of the straight line = C

Then: (LAT TCAD + C = 180" ..
(LAT TCA)D = 180" - C

Since (CTA)A + (TDA)B = 180" - C
And (LAT TCA)D = 180" - C and
C is the identical angle in both equations

Then: (LAT TCAD = (CIAJA + (IDA)B
(Figs. 20, 21A, 21B)

The lateral talocalcaneal angle is a positional
angle. Almost all of the sagittal plane motion for
this angle comes from the talar motion.” With
pronation of the subtalar joint, the talar declination
angle increases, thus increasing the lateral
talocalcaneal angle. With supination of the subtalar
joint and dorsiflexion of the talus, the talar declina-
tion angle decreases, and thus the lateral
talocalcaneal angle decreases. ‘This angle changes
quite a bit with pronation and supination.

The Cyma line is an estimation of sagittal
plane relationship of the two rearfoot bones -the
calcaneus and the talus, as measured by the
relationship ol the talonavicular articulation to the
calcaneal cuboid articulation. Normally, the line
formed by the talonavicular and calcaneal cuboid
joint surfaces forms a gentle “S” curve (Figs. 25A,
25B). A broken cyma line means these surfaces are
not contiguous,

With subtalar joint pronation, the talus
adducts, allowing the lateral silhouette of the talus
1o be more prominent and “appears” to move ante-
riorly in relation to the calcaneus. When the
talonavicular articulation is anterior to the calcaneal
cuboid articulation, it is known as an anterior break
in the cyma line (Fig. 25C),

With subtalar joint supination, the talus
abducts, allowing the talar silhouette to become
less longitudinal and “appears” to move posterior
in relation to the calcaneus. When the talonavicu-
lar articulation is posterior to the calcancal cuboid
articulation, it is known as a posterior break in the
cyma line "

Kirby's Sign is a sign of maximum pronation
of the subtalar joint and occurs when the leading
wall of the posterior facel of the talus occludes the
sinus tarsi and abuts the calcaneal floor of the sinus
canal.(Personal Communication, Kevin Kirby, 1987)
This is a positional angle (Fig. 25C).

As the talus adducts and plantar flexes, the
leading wall of the posterior lacet of the talus
rotates forward, undl it is stopped by the bony
calcaneal floor of the sinus tarsi. Thus, the sinus
tarsi is occluded, and the talus can rotate no further
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Figure 234, The cvma line is a gentle "8 curve formed by the talon-
avicular and caleaneal cuboid joint surfaces. This normally acours
when the foor is in neutral stance position.

S

Tigurc 25C, (Top! In a pronated foor x-rav. the talonavicular joint
cappedrs” much more anterior than the culeuneal cuboid joing, as the
lateral silhouette of the alus becomes more prominent, this creates an
anterior break in the cvma line. The lateral wall of the posterior
subralar joint facet rotates forward, occluding the sinus tarsi, causing a
+ Kirby sign, (Bottom) Tn g supinated fool x-rav, as the aluy abdoots,
the talonavicular joint “appears” much more  posterior than the
calvaneu] cuboid joint, as the wmlar silhouette becomes less long-
ituclinal, this creates a posterior break in the cyma line, The lateral wall
of the posterior subtalar joint rotates backward, uncovering the sinus
tarsi, causing 4 more open and rounded sinus tarsi o "Bullel Hole”

Tigure 25B. X-ray in ncumal stance position.
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Figure 26A. The [irst metatarsal declination angle - this is the relation-
ship berween the biscction of the first melalarsal and the weight
supporling swface (B), The lateral talo first metatarsal angle s
measured between the biseclion of the head and neck of the s and
the biscetion of the 1st metatarsal (F),
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Figure 260 Supinaied foal x-ray, The first metatarsal declinaton angle
increases somewhar () The ral talar first melatarsal angle increases
in the negative direction as the talus darsiflexes significantly (F),

forward, As the talus adducts and dorsiflexes, the
leading wall ol the posterior facet of the talus
rotates backwards, widening the entrance of the
sinus tarsi. With significant supination, the sinus
tarsi area can appear open and rounded. This is
referred to as a “Bullet Hole” (sinus tarsi)
(Fig: 25C) =

The First Melalarsal Declination Angle is an
estimation of the plantar declination of the 1st
meltatarsal as measured berween the bisection of
the 1Ist metatarsal and the weight supporting
surface, (as measured by the plantarmost aspect of
the calcaneus and the 5th metatarsal head) (Fig.
204A).7 This is 4 combined positional and structural
angle. With pronation, this angle decreases to the
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Figure 26B. Pronated foot x-ray, The first metatarsal declination angle
reduces somewhal (F) The Tateral first metaiarsal angle increases in
the positive direction as the lalus signilicanty plantarllexes (F),

cnd range of dorsiflexion available, and with
supination, this angle increases to end range of
plantar flexion, unless the tibialis anterior is aclive
and dorsiflexing the first ray segment (Figs. 20D,
260)."

The Lateral-Talo 1st Metatarsal Angle is the
relationship between the st ray segment and the
talus, as measured between the bisection of the 1st
metatarsal and the bisection of the head and
ncck of the talus. This angle is a very important
indicator of the first ray and forefoot stability
(Fig. 26A).7

A negative talo 1st metatarsal angle (ie.plantar
flexion of the 1st ray on the talonavicular segment),
indicates stability of the 1st ray in the [oreloot.
There is often the dorsal prominence of the 1st
metatarsal cuneiform arca (Fig. 26B).

A positive talo 1st metatarsal angle (ie.
dorsiflexion of the 1st ray on the talarnavicular
segment) indicates instability of the 1st ray. There
is often a concavity in the region of the 1st
cuneiform navicular area termed a Navicular
Cuneiform Fault (Fig. 26C). This is a combined
structural and positional angle.

With pronation of the subtalar joint, the first
ray dorsiflexes if motion is available at the (irst ray.
The talar and the navicular segments plantarflex.
With supination of the subrtalar joint, the first ray
plantarflexes to end range ol motion available
(unless the tibialis anterior is actively dorsiflexing
the first ray segment). The talar and navicular
segments dorsiflex.*?
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The Setberg Index is the measurement of the
sagittal plane relationship of the first metatarsal 1o
the second metatarsal. The perpendicular distance
from the dorsum of the second metatarsal shaft
to the dorsum of the 1st metatarsal shaft
approximately 1.5 cm [rom its articular base is
measured in millimeters. Next, the perpendicular
distance [rom the dorsum of the second metatarsal
shaft 1o the dorsum of the 1st metatarsal shaft at the
Ist metatarsal neck level, just proximal to the head,
is measured in millimeters. The proximal measure-
ment is subtracted from the distal measurement to
obtain the Seciberg Index (Fig. 27A).% This is
primarily a structural angle, but may change some-
what with pronation and supination. A

Figure 27A. Seiberg Index is a sagittal measurement of the relationship
of the first metamrsal to the second metatarsal The perpendicular
distance from the dorsum of the second metat o the dorsum ol
the first metatarsa] shafl is measured al the first metatarsal neck and 1.5
cmt lrom the st metatarsal base, The proximal measurement is
subrtracted from the distal measurement to give the Seiberg Tndex.

plantarflexed first ray can be a structural deformity
or a functional positional state, in which the first
metatarsal is plantar flexed more than the second
mctatarsal. The distance of the more proximal mea-
surement is greater than the distal measurement.
The difference is expressed as a negative number
for the Seiberg Index (Fig. 27B).

A Metatarsus Primus Elevalus (dorsitlexed
Ist ray) can be a fixed structural deformity or a
functional positional state in which the st
metatarsal is elevated more than the 2nd

metatarsal. The distance of the more proximal
measurement is less than the distal measurement.
The difference is expressed as a positive number
for the Seiberyg Index (Figs. 27C, 27D).

Figure 278, With a plantar declinated lirst ray, the Seibery Index is
negalive,

Figure 27C.
positive.

With a metutarsus primus clevams, the Sciberg Index is

Figure 270D, The Seiberg Index changes very litle wilh supination and
Ppronation.
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Figure 284, Fifih metatarsal declination angle - The angle measures the
relationship between the bisection of the [(ifth metatarsal and the
weighl bearing surface,

Tigure 28C. The fifth melatarsal declinadon angle decreases with
supination {inversion of foan. The navicular elevales with supination.

Figure 283, Heighr of the navicular - This is higher in a pes cavus foot
and lower in a pes planus foor.The filth metatarsal declinution angle
increases with pronation (eversion al [vot). The navicular lowers with
pronation,

The 5th Metatarsal Declination Angle is an
estimation of the plantar declination of the 5th
metatarsal as measured between the bisection of
the 5th metatarsal and the weight-supporting
surface. The weight-supporting surface is measured
by the plantarmost aspect of the calcaneus and the
5th metatarsal (Fig. 28A). This is a combined
structural and positional angle. With pronation, this
angle increases as weight is shifted more to the
medial column (eversion of the forcfoot) (Fig.
28B). With supination, this angle decreases as the
foot is rolled more onto the lateral column
(inversion of the forefoot) (Fig. 28C).=

The Ileight of the Navicular is an estimation of
the height of the arch by measuring the distance of
the plantarmost aspect of the navicular from the
weight-supporting surface. This is higher in a pes
cavus foot and lower in a pes planus foot (Fig. 284).

The height decreases with the eversion of the
midfoot with excessive midtarsal pronation (Fig
28B). The height increases with the inversion of the
midfoot with supination (Fig. 28C).** Subluxations
exaggerate these findings.
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