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Treated Clubfeet

IGNACIO V. Ponseti, M.D., GEORGES Y. EL-KHOURY, M.D., ErngsTO [proLiTO, M.D.,
AND STUART L. WEINSTEIN, M.D.

Roentgenographic reports of anatomical

deformities in treated clubfect afier skeletal

maturity are scarce.*$!° Interpreting these
deformities is difficult and often confusing.
The severity of thé congenital anomaly of
the foot and type of treatment performed
determine the final appcarance of the foot.
The purpose of this report is to evaluate the
aabnormahtles in 32 patients with unilateral

- clubfoot - deformity and to: correlate the -~
roentgenographlc ﬁndmgs w;th thc func~_'

tmnal resuits

MATERIALS AND METHODS

Thirty-two patients, 21 males and 11 females,
with untlateral clubfoot deformity were inciuded
in the study. Twenty-eipht patients had been pre-
kusly examined within the recent year in con-
nccuon with a study of iong-term results of treat-
ment.S twelve of whom had volunteered to return
for more extensive roentgenologic evaluation. In
addition to the 28 patients, four more paticrnts
returned for clinical and roentgenologic evalua-
tion. At the time of the last follow-up examination,
the patients ranged in age from 13 to 30 years
(average, 19% years). The treatment, gentle ma-
nipulations of the foot apd application of toe to
groin plaster cast, wasTepeated weekly for five to
seven weeks in eight patients; the remaining pa-
tients had the same treatment followed by sub-
cutancous Achillis tendon tenotomy and a plaster
cast. This cast was worn for three to four weeks,
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followed by a Denis-Browne bar with shoes at-
tached at the ends of the bar in 70° of external
rotation. The splint was worn at all times for ap-

-proximately three months and then at night only

for another two to six years.®'° There were ten
relapses tredted by further manipulation of the
foot and transfer of the anterior tibial tendon to
the third cuneiform. None of the fect had surgical
releases’ of the soft tissues of the posterior and
medial. aspccts of the ankie or ‘subtalar joints. No

... bony resections were performed

Roentgenographic examination of the feet con-

- -sisted.of an anteroposterior standing view of 24°

ccpha!ad angilation and lateral standing views.'
In ten patients, dynamics of both feet were studied
employing fluoroscopy,. to determine the range
and type of motion at the ankle, subtalar and
midtarsal (Chopart’s} joints. In seven patients
bilateral tomography of the subtalar -joint was
hclpful in assessing the exact shape, size and ori-
entation of the articular facets of the joint.?

Using the normal foot as a control, the param-
eters listed below were evaluated in both feet and
the data obtained subjected to computer analysis.
The pairced r-test was used to assess statistical sig-
nificance of the Andings.

‘Tibia. The configuration of the distal tibia was
studied in the antcropostenor and lateral projec-
tions.

Talus. On the lateral rocntgcnogram the length
of the talus was measured and the shape of the
dome of the talus. the angle of the neck with the
body, and the size of the lateral tubercle were
estimated. On the anteroposterior roentgenogram,
the angle of the neck with the body and the shape
of the talar head were studied.”

Navicular. Medial displacement of the navic-
utar was evaluated by measuring the distance be-
tween the medial tubergsity of the navicular and
the media! malleolus on the lateral roentgenogram
{Fig. 1). Dorsal displacement of the navicular was
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Fig. 1. Lateral roent-
genograms of the feet of
2 X3-veuar-old temale with
right clubfoot deformity
treated with fve plaster
casts during early in-
funcy. At the nae of eighet
vears, the deformity
tended Lo recur and was
treated by a transfer of
the tibialis anterior ten-
don to the third cunei-
form. At present, her
functional rating is 94,
On the clubfoot site {(bot-
tam), there is notching
of the anterior lip of the
tibia. The talar dome is .
not-as spherical in com- |
parison with the normal
foot (top). In the ciub- .
foot, the head and [ateral
tubercle of the talus are
small: the navicular is
flat dnd the distapce be-
tween the medidl tuber-
cle of the navicular .and
the medial malleolus. is.
less thun on the. normal: -
s:dc

also recorded when present, The d:cgféé of flat-
tening and lateral wedging of the: navicular were

noted in the .mu.roposwrmr .md !aternt men:gcn—‘

-ogr.xms
“Caleaneus. The iength of the cnlcuneus was
meagured on the lateral roentgenogram. The cal-

caneocubgid angle was measured on the anterg.

‘posterior roentgenogram. The angle was con-
structed by drawing straight lines through the
Jong axes of the caleansus and of the ‘cubotd: a

negative value mdlcazﬁd abduction of the cuboid

(Fig. 2).

“Cuneiforms. On the ahteroposterior roentgen-
ograms, taterai displacement of the cuneiforms
with respect.to the navicular was estimated and
recorded (Fig. 3}. Angular displacement of the
cuneiforms was determined by the navicular first
cuneiform angle. To construct this angle, a line
was drawn through the long axis of the first cu-
neiform. The other limb of the angle was a line
drawn perpendicuiar to the transverse axis of the
navicular (Fig. 3). A positive value signifies ab-
duction of the cuneiform.

Meratarsals. The length of the first and fifth
metatarsals was measured.

Fuoot alignment, The altgnmcnt of the forefoot
in. relation with the hindfoot.was evaluated on the
dnteroposterior roenigenograms on both the me-
dial and lateral aspects of the foot. The talar-first
metatarsal angle ‘was constructed by drawing a
line through the long axis of the talus and another

line through the long axis of the first metatarsal;

a positive angle signifies adduction of the first
metatarsal. The calcancal-fifth metatarsal angle
was constructed by drawing a line through the
long axis of the calcaneus and another line
through the long axis of the fifth metatarsal; a
positive angle signifies adduction of the fifth meta-
tarsal (Fig. 4).

Orher measurements. The distance between the
posterior {ip of the distal tibia and the opposing
superior aspect of the calcaneus was measured on
the lateral view. The degree of cavus was reflected
by the angle between the Jongitudinal axis of the
first metatarsal and the longitudinal axis of the
fifth metatarsal on the lateral roentgenogram. In
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each patient. the size and configeration of the fac-
€18 in the subtalar joint of the treated clubfoot
were compared with the rormal foot. The talo-
calcaneal angle was measured on both the an-

teroposterior and lateral projections.” The talo- |

calcaneal index was computed for all the clubfest
and normal feet. The talocaleaneal index repre-
sents the sim of the talocaleaneal angles in the

anteroposterior and in the lateral roentgeno-
grams.' Co

RESULTS

Tibia. Two distinct features of the distal
tibia were observed on the lateral roentgen-
ograms in the clubfeet: posterior slanting of
the articular surface was observed in 13
(39%) patients, and notching of the anterior
lip of the distal tibia in 20 (63%) (Figs. 1
and 3). The anterior notch and posterior tib-

FiG. 2. Anteroposte-
rior reentgenograms of
the feet of a 25-year-old
male with left clubfoot
deformity treated by
seven piaster casts dur-
ing infancy. At present,
his functional rating is
93. The calcaneocuboid
angle is drawn to assess
hindfoot-midfoot align-
ment and measures (A)
-9 in the normal foot
and (B) -27° in the
clubfoot. The talocalca-
neal angle measures 21°
in the norma! foot and
15° in the clubfoot. The
incomplete correction of
the talocalcaneal angle
in the clubfoot is com-

- pensated by the in-
creased abduction of the
midfoot. In the ciubfoot,
the navicular is small
and wedge shaped; it ar-
ticulates with a  talar
head of diminished
sphericity.

_.ial_glam:_.,\'vcre not seen in any of the normal

feet. .

Talus. In the clubfeet, the length of the
talus ranged from 4.3 to 6.1 cm (mean, 5.4
cm); and in the normal feet from 4.3 to 6.8
cm (mean, 5.7 cm). This difference is sta-
tistically significant (t = 6.87).

Mild to moderate degrees of diminished
convexity of the talar dome were observed
in the lateral roentgenograms of 18 out of
32 (56%) clubfeet, but none had a flat-top
talus® (Fig. 5). Anteroposterior roentgeno-
grams of 12 clubfeet {37%) showed that the
head was moderately Hat in eight feet and
dome-shaped in four (Figs. 2 and 3). In each
patient, the angle of the neck with the body
of the talus in the clubfoot was similar to
that in the normal foot in the anteroposterior
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Fi. 3. Anteroposte-
ror roentgenograms of
the feet of a 13-yeur-old
male with right clubfoot
treated since birth with
five plaster casts and per-
cutansous tendo-Achillis
tenotomiy. His current
functional rating is 98.
fn the clubfoot (A) the
navicular is medially dis-
placed in relation to the
head of the tafus and is
seen to approximate the
medial malleolus; the
talar  head is dome
shaped. The cuneiforms
are laterally displaced
and faterally angulated
in relation with the na-
vicular. The navicular-
first cuneiform angle
measares —14° on the
clubfoot and 0° on the.
normal foot {(B). The ta-
localcaneal angle mea-
sures 20° on the clubfoot
and 23° on the normal
foot.

and lateral roentgenogram Qn the Eateral 5
roentgenograms, the talartubércle was small =
in 18 clubfeet (56%), when compared with -

the opposite normal feet (Flgs {:and 5)_

In the clubfeet, the talocalcaneal angle o
the anteroposterior roentgenogram ranged
from 4% to 25° (mean, 15.7°), and in the
normal feet from 13° to 29° (mean, 20.7°).
This difference is statistically significant (t
= 6.3) (Fig. 3). The talocalcaneal angle in
the clubfeet on the lateral roentgenogram
ranged from 10° to 34° (mean, 23.1°), and
in the normal feet from {7 to 46° (mean.
31.6°). This dxfference is statistically signif-
icant {t = 6. I)

Navicular. The conﬁgp:ation of the na-
vicular was frequently abnormal in both the
anteroposterior afid lateral projections. The
navicular was wedge-shaped on the anter-
oposterior roentgenogram in 17 clubfeat
{53%). on the lateral roentgenograms in
three clubfeet (9%), znd in both the antero-

3 and Iateral mtmto

-clubfeet (34%) (Fig. 2)‘T“he navscular was
‘ﬂattcned (
» ‘grams in 13

' memgenogram in two clubfeet (6%) and on

the' auteropostenor roeritgeno-
.clubfeet (40%} on the lateral

both the anteroposterior and lateral projec-
tion in seven clubfeet {21%). .

_The medial displacement of the navicular
was seen in the majority of the clubfeet. The
navicular-medial malleolar distance in the
clubfeet ranged from 0.7 to 2.9 cm (mean,
2. 4 cm); in £he normal feet, from 1.8 to 3.0
cm {mean, 2.4 cm). This ghffcrence_: is sta-
tistically signi_ﬁcant {t = 9.2) (Figs. 6A and
6B). Mild dorsal displacement of the navic-
ular was also noted on the lateral roentgen-
ograms in {1 clubfeet (34%).

Caleaneus. The leagth of the calcaneus in
the clubfeet ranged from 6.5 to 8.8 cm
{mean. 7.6 cm), and in the normal feet from
6.8 to 9.1 cm {mean, 7.8 cn ). The difference
is statistically significant {t = 3.37). On the

S A
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F1G. 4. Anteroposterior rosntgenogram of a
clubfoot in 2 20-year-old {female showing the cal-
cancus-fifth matatarsal and talus-first metatarsal
angles, These angles were used to determine the
hindfoot-forefoot alignment. Both angles measure
~12°, indicating mild degree.of abduction of the
forefoot in refation to the hindfoot. The navicular
is medially displaced and is wedge shaped.

anteroposterior roentgenograms the calca-
neocuboid angle in the clubfoot ranged {rom

" ~23°to +15° (mean, ~4.15%); in the normal

feet, from —18° to 0° (mean, —2.13°). The
difference is not statistically significant
{(t = 1.92). The calcaneocuboid angle was
positive in only one ciubfoot.

Cuneiforms. The caneiforms were later-
ally displaced and angulated in front of the
navicular in 19 clubfeet. This deformity was
not seen in any of the normal feet. The na-
vicular-first cuneiform angle in the ciubfeet
ranged from —53° to 0° (mean, ~17°); in
the normal feet from —17° to +13° {(mean,
~1.7%). The difference is statistically signif-
icant (t = 6.76) (Figs. 3, 4, 6A and 6B).

- Metararsals. The length of the first meta-
tarsal in the clubfest ranged from 5.3 to 7.6
cm (mean, 6.54 cm) and in the normal feet
from 5.5 to 7.9 cm (mean, .58 em). The
difference is not statistically significant (t
= (.6). The length of the fifth metatarsal in
the clubfeet ranged from 55 to 9.4 cm
{mean, 7.35 cm); in the normal feet from

- 5.5 to 9.4 cm (mean, 7.37 cm), The differ-

ence is not stataistically significant (t
= 0.51). _

Foot alignment. The talar-first metatarsal
.angle in the clubfeet ranged from —10° to0
""" ® (mean, +3.28°); in the normal feet,
from —20° to +11° (mean, —3.37°). The
difference is statistically significant (t
= —3.3) (Fig. 4). '

The calcaneal-fifth metatarsal angle in
the clubfeet ranged from —20° to +20°
{mean, —4°); in the normal feet from —18°
to +5° (mean, —3.37°). This difference is
not significant (t = 0.49) (Fig. 4).

Other observations. The posterior tibio-
calcaneal distance in the clubfeet ranged
from 1.1 to 2.6 cm (mean, 1.76 cm), and in
the normal feet ranged from 1.3 to 2.9 cm
(mean, 2.02 cm). The difference is statisti~
cally significant (t = 4.58) (Figs. | and 5).

Cavus was observed in only four of the 32
clubfeet with the first-£ifth metatarsal angle
ranging from 17° to 39° (mean, 27.7°); in
the other 28 clubfeet and in the normal feet,
the mean was 12°,

The talocalcaneal index' in the clubfeet.
ranged from 16° to 51° (mean, 37.7°); in
the normal feet from 37° to 64° (mean,
52.3°). This difference is statistically signif-
icant (t = §.57).
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continuous _posterior and middie facets. There arc‘nn demonstrable nterior aceéts, Th

wide and the hcnd of the talus is smail

Abrnormalities in the size and configura-

tion of the subtalar facet joints evidenced in

16 clubfeet were better delineated with the
use of special views and tomography. Most

striking was the small size of the posterior
and middle facets, and the absence of the
anterior facets (Figs.7, 8A and 8B). [n some
clubfeet, the posterior joint facets spanned
less than the medial half of the width of the
talus and calcaneus. Often theé narrow pos-
terior facets merged with small middie fac-

S (Fig. 7). The sinus tarsi was always
larger in the clubfoot (Fig. 3B).

Dynamic studies. In the ten patients ex-
amined, the posterior tibiocalcaneal distance
measured on the lateral spot films, taken
with the feet in maximum plantar flexion,

,Slnl_is tarsi is

- was the same in the clubfoot asin the: normal
- foot: however in maximum dorsiflexion, the
-posterior tibiocalcaneal distance was greater

in the pormal foot, and,
even five times greaier,

Each patient was rated according to a
100-point functional scale.® Only four of the
32 clubfeet rated . less than 90 points, of
which three had the lowest vaiues of the lat-
eral talocalcaneal angle (under 16°) of all
feet studied.®

‘The difference in the degree of subtalar
motion between the normal and the clubfeet
as depicted on the spot films obtained during
fluoroscopy is noteworthy { Figs. 9A and 9B).
The degree of sliding or scissoring motion
between the talus and the calcaneus in the

in some patients,
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clubfoot treated by:plas
medial displacerient.

roeatgenogram of the fect o ar r-old fe
ter‘casts in early infancy, Her current functional rating is 92, The most severe
he navicular in our series is seen in this patient’s clubfoot (A). The talocalcaneal

of an is-ycé'f-old female with right

1% ot the right and 28° on the left. On the right, there is inversion of the midfoot as

ith the hindfoot as observ

sub alér‘jdin_t‘.of the clubfeet was compara-
bie to the normal when supinated; however,
when the feet were pronated, the gliding of
the calcaneus under the talus was greatly
restricted in the clubfeet. The range of ankle
dorsifiexion and of subtalar motion was more
restricted .in the four feet with poor Func-
tional results than in the 28 feet with func-
tional ratings greater than 90 points.*

The most notable finding on the spot films
taken in maximum pronation and in maxi-

-mum supination was the greater increase in

the navicular-medial malleclar distance in
pronation in the normal foot compared with
the clubfoot. In many clubfeet the navicular

ed in the roentgenograms..

erimposition of the cuneiforms and cuboid. The forefoot is not inverted and is well

remained medially displaced, even when the
foot was pronated, and the head of the talus
could not slide between the navicular socket
and the sustentacuium tali as the foot was
dorsifiexed.

DISCUSSION

Some of the residual abnormalities in
treated clubfeet present after skeletal ma-
turity are remnants of the treatment and
some are a carry-over of the congenital
anomaly in adulthood. In fact, several ra-
diographic changes observed after skeleta
maturity are reminiscent of the anomalies
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than lh(_ lc.!l

prescnt in the clubfcet of fetuses and new-

borng,>*H-18

[n our'studies, the notchmv in the antenor;
tip.and the posterior slant of the distal tibia”.

appeared to be related to the tight ligaments
and tendons in the posterior and. medial as-
pects of the ankle,and subtalar joints. These
tight structures-limited dorsifiexion and pro-
nation of the heel. The talar head was con-
sequently preveated from sliding downward
between the navicular and the sustentacu-

Flrs 6C Axnp 6D, Clinical photocraph Thc f'ee,t are’ weil«ahgned
inversion dc.momlratcd radiographically in Fig. 6A. The c:rcumfcrcnce oft

. verd midfoot
rwht x.::lfts 2 ¢om smaller

lum thereby e'(ertmg e’(cesswe pressure on
the anteriof lip of the tibia, and. stunting
bone growth in Lhe surrounding area. Similar
compressive. force applied to the'dome of the
talus can reault it its diminished convexity.
In addition, the lotdl lcngth of the talus was
s:gmﬁcantly shorter in the clubfeet. thereby
increasing the chance of contact between the
neck of the talus and the. antenor lip of the
tibia (Fig. ).

In the clubfeet, the talus was smaller and

-~
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© FiG. 7. Lateral roentgenograrm of the ankle and subtalar jbints of a normal {left) and clubfoot {right).

misshapened, and the navicular often wedgg-
shaped. Similar abnormalities have been ob-

served in the clubfeet of fetuses and new--

borns. 253 The medial angulation of the

“neck of the talus observed in clubfeet earlier
in-life was not seen in-any of our patients.
-Abnormalities of the subtalar joint were
“severe.” Tomographically, the posterior fac- .

ets of the subtalar joint.wers seen to span

. ‘the entire width of the talus and calcaneus -
“in the.normal feet; however; in the clubfeet
these facets were narrow and often spanned
“only the medial half of the width (Figs. 8A

and .8B). The sustentaculum tali and the

opposite articular facet of the talus were

small and, in some cases, continuous with

" Note the smaller size of the articular facets of the subtalar joint in the clubfoot. .

the facets of the posterior subtalar joint. The
anterior facets of the subtalar joint were
usually absent {Fig. 5).. .

All these changes in the subtalar joint of
treated clubfeet have been observed in sec-

" tions obtained from clubfeet of fetuses by

Ippolito and Ponseti® and in infants by other
researchers.>'? These findings compel us to
conclude that the size and configuration of
the subtalar joint facets are generally deter-
mined early .in fetal Jife and that treatment
will not result in the development of larger

‘articulating facets nor in the formation of

new facets. Moreover, the restricted motion

‘observed at the subtalar joint in clubfeet fol-

lowing treatment appears to be due not only

FiGs. 8A AND 8B. Anteroposterior tomographic sections of both fect in a 19-year-old male with right

‘clubfoot treated with six plaster casts during early infancy. The deformity recurred at the age of 4%

years and was treated by tendo-Achillis lengthening and transfer of the tibialis anterior tendon to the
third cuneciform. His durrent functional rating is 99. (A) The posterior portion of the subtatar joint

_ showing normal and wide posterior articular facets in the normal foot (right). In the clubfoot (left),

the articulating facets are narrow ;md span only the medial one-third of the talus and calcaneus. %))
The midportion of the subtalar joint showing a niormal and wide articulating facet at the level of the
sustentaculum tali in the normal foot (right). In the clubfoot (left), the articuldting facets are narrow

and the sinus tarsi is very wide,
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Fics. 9A AND 9B Elnbfosc':op'ic' spot films taken 'duri'ng evaluation of motion at the subtalar joint.
There is limited scissoring motion between the talus and calcaneus in the clubfoot (B) in comparison
with the normal foot (A). The navicular is Rat and wedge shaped in the clubfoot,

to the short ligaments and tendons poste-
riorly and medially but also to the abnormal
size and configuration of the articular facets
in the joint2*1149

The medial displacement of the navicular,
observed in clubifeet of fetuses and stillborns,
had been only partially corrected with our
treatment. The navicular in most treated
clubfeet remained medially displaced, as in-
dicated by the shorter distance between the

tuberosity of the navicular and the medial
malleolus in comparison with the normal
feet.” The cuboid, on the other hand, was
approximately normal in position with re-
spect to the anterior tuberosity of the cal-
caneus in all treated clubfeet (Figs. 2, 3
and 4).

The abnormal relationship between the
talus and calcaneus was not fully corrected
in our patients, as indicated by the smaller
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values of the talocalcaneal angles in the an-
teroposterior and lateral roentgenograms. It
is noteworthy that the mean talocalcaneal
index in our clubfeet is similar to that ob-

served in surgically treated ciubfeet by other

‘.authors
~ The range of ankle dorsnﬂexmrx. subtalar
- and midtarsal joint motions was less in the
clubfeet than in the normal feet. The gliding
. between the talus and calcaneus and be-
tween the navicular and the head of the talus
was_restricted, hmitmg the degree of heel
: afﬁls and foot pronation in most clubfeet.
~The lateral displacement and lateral an-
gulauon of the cuneiforms with respect to
‘the navicular in effect compensated for the
medial displacement of the .navicular and for
the decreased talocalcaneal angle in the an-
teroposterior roentgenograms. The metatar-
sals tended to align with the cuneiforms and
the cuboid (Fig. 4). The cavus deformity was
corrected in most clubfeet. . .
The anomalies observed in the serial sec-

tions from clubfeet of fetuses. and in ana- ..

tomical dtssecuonsl“ 4% ag wellas in the
. present study attest to the fact that the club-

foot is a severe deform:ty affecting most .of .
. the skeletal elemients of .the postcnor andf_
middle parts of the foot as well as'the soft : -
tissues. Anatomical correction of all these
anomalies appears to be infeasible even after. ‘
extensive and repeated posteromed:ai sur-" 7

gical releases.®

In many of our treated clubfeet, the cal-
caneus did not slide fully into valgus, and
the navicular remained medially displaced.
Owing to this residual deformity, the ante-
rior tibial tendon was a strong supinator and
needed to be transferred to the third cunei-

form to provide proper balance to the foot

ina plantigrade position.'® The spurious cor-
rection of the clubfeot deformity obtained

in our cases depended in great measure on

the lateral displdcement and increased lat-
eral angulation of the cuneiforms in relation
to the navicular. Thus, in most feet, the fore-
foot was properly aligned with the hindfoot.

- eral clubfoot deformiyy

_pcraod of : i3 to 30 yea
-sults were satisfacto
* “parison of the skeletai features of the normal
‘and the -clubfeet- ‘was. made on roentgeno-
j.graphs._Many clubt’eet had small, slightly
" flattened talar heads, decreased talocalca-

Severe lateral rotation of the ankle with pos-

terior displacement of the fibula described
by some authors'®'! was not observed in our
patients. Although many of our treated
clubfeet had small talocalcaneal angles and
a variety of residual anatomic deformities,
most patients evidenced good functional
and cosmetic resulits (Figs. 6A-6D.)°

Our observations suggest that although an
anatomical correction of the talocalcaneal
angles and the medially dxsplaccd navicular
is desnrabie ‘this is not nccessary to ensure
a good clinical outcome. The heel varus
could be adequately corrected in spite of 2
persisting small talocalcaneal angle.® Proper

- hindfoot~forefoot alignment in the presence

of a medially displaced: navicular could be
achieved by angulating and shifting the cu-
neiforms laterally. Although the range of
subtalar motion in the clubfeet was re-
stricted, most patients noticed little differ-
ence in the appearance and function between
the normal and the treadted clubfoot.

Thirty-two patierts ‘w
were followed for a
. The functional re-
i 28 feet. A com-

neal angles, undersized or misshapen facets
of the subtalar joint, and medially displaced
navicular. The residual deformity of the
hindfoot was compensated by the Iateral dis-
placement and lateral angulation of the cu-
neiforms with respect ‘to the navicular re-
sulting in a normal alignment of the forefoot
in relation to the hindfoot. The range of an-
kle dorsifiexion, subtalar and midtarsal joint
motion was restricted in the clubfeet.
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Long-Term Results of Treatment of
Congenital Club Foot”

BY STERLING J. LAAVEG, M.P., AND IGNACIO V. PONSETI, M.D.T,
' IOWA CITY, IOWA

From the Depariment of Orthopaedic Surgery, University of lowa Hospitals, Towa City

AmsTRACT: In seventy patlents with 104 club feet
that were treatéd at our hospital and followeg for ten to
twenty-seven years after treatment, the functional re-
sults were satisfactory according to our rating system
in 88.5 per cent of the feet, and 90 per cent of the pa-
tients were satisfied with both the appearance and
function of the club foot. However, in the m_ajor:;y -of
the patients, foot and ankle motion was limited and the
talocalcaneal angles as seen on the anteroposterior and
lateral roentgenograms were not fully corrected. The
amount of motion in the joints of the foot and ankle and
the correction of the lateral talocalcaneal angle corre-
lated with the degree of patient satisfaction and the
functional rating of the club foot. Transfer of the an-
terior tibial teudon to the third cuneiform appeared to
prevent relapse. :

The treatment of congenital club foot remains contro-
versial. The results of any form of treatment vary accord-
ing to the severity of the deformity. Usually, the or-
thopaedist's goal is to obtain aﬁnatomi’cally and fune-
tionally normal feet in all patients, but this is not realistic
because in many club feet the deformities of the bones,
joints, and liganients of the foot and ankle are too severe to
be fuliy corrected’*. Forceful and gentle manipulation;
splinting; plaster casts; medial, posterior, and lateral re-
lease; osteotomy; and arthrodesis all have been used with
limited success. In most clinics where club foot is treated,
there is a reported incidence of resistant or relapsed club
foot in 50 per cent or more of the patients 3 7:12:18.22,24.27

Before 1950, extensive posteromedial soft-tissue re-
leases were done commonly in our clinic to achieve an
anatomical correction of the club-foot deformity. These
operations often resulted in considerable stiffness of the
foot and ankle, and recurrences or over-corrections of the
deformity were observed. When one of us (1. V. P.} was
placed in charge of the club-foot clinic in 1950, the aim of
treatment was gradually changed and our goal was then to
improve the functional results and to obtain plantigrade,
mobile feet in the shortest time possible. Once we no

« This work was supported in part by a grant from the Hearst Foun-
dation.

1 Department of Orthopaedic Surgery, University of lowa Hospi-
tals, lowa City, lowa 52242,
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longer tried to attain a perfect anatonncal result few soft-
tissue releases were done.

In 1975, Bjonness reminded us that ‘‘the patient is the
final judge of whether he has a good foot’". A follow-up
study of the patients with congenital club foot who were
seen in our department since 1950 was designed to deter-
mine whether our treatment gave the patient a functional,
painless foot. We attempted to correlate the patient’s opin-
ion of the appearance and function of the treated club foot
with both the method of treatment and the clinical and
roentgenographic findings that were seen ten years or more
after treatment was begun.

Materials and Methods

Four hundred and ninety-eight patients with congeni-
tal club foot were seen between 1950 and 1967. One
hundred and twenty-six of them had 189 club feet with no
other congenital anomalies, were less than six months old
when first seen, and either had had no previous treatment
other than splinting or had had fewer than three plaster
casts applied. All were treated under the direction of one
of us (I. V. P.). Of the ninety-eight patients who were lo-
cated for our study, twenty-six were unable to return and
two had died. Seventy patients with a total of 104 club feet
returned to our clinic for cxamigg‘ion, and they were the
basis of the present study.

The club foot was bilateral in thirty-four patients, and
of the thirty-six patients in whom it was unilateral sixteen
had a right and twenty, a left club foot. Eight patients with
unilateral club foot had metatarsus adductus of the con-
tralateral foot. Of the seventy patients, forty-eight (68.6
per cent) were male and twenty-two (3 1.4 per cent}, fe-
male. The mean age at follow-up was 18.8 years, with a
standard deviation of 4.9 years and a rangé of ten to
twenty-seven years, The occupations of the returning pa-
tients were: forty-one students, eighteen manual laborers,
and eleven white-coliar workers.

Our treatment for club foot, which has been outlmed
previously '®'®  involves. gentle manual manipulation of
the foot without anesthesia as soon as possible after birth.
The manipulation is followed by the application of a
toe-fo-groin plaster cast. We attempt to correct the defor-
mity by abducting the foot distal fo the talus while avoid-
ing forced pronation. The fore part of a club foot is some-

23
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what everted with respect to the back of the foot and this
relat:onshlp causes the cavus deformity'®. To correct the
cavus deformity, the fore part of the foot is slightly in-
verted. The varus deformity of the heel is considered to be
corrected when the anterior tiberosity of the calcaneus ro-
tates laterally (abducts) underneath the head of the talus.
In patients’ with severe cases;, the heel is forced into a val-
gus position to stretch the deltoid l:gament, The foot is re-
mampulated and a new cast is applied at approximately
weekly intervals. To prevent recurrence of the cavuos de-
formity, the anterior part of the foot is never everted while
the Toot is severely abducted. Before application of the last
cast, if the equinus deformity remains uncorrected the
tendo achillis is lengthened percutancousiy using -local
anesthesia. The last plaster cast is worn for three to four
weeks, and then the patient wears a modified Denis
Browne bar® with the shoes attached in about 70 degrees
of external rotation. The bar ranges in'length from twenty
to thlrty centimetérs, according to the size of the child.
Except when. it is removed daily for bathmg, the bar is
worn constantly for approximately three months. Then itis
removed during the day for gradually increasing periods of
time for approximately five months. Finally, the .child
wears the bar at night mﬂy for two to six years. The first
relapse is usually treated: by manipulation and the applica-
tion of two to four toe-to-groii plaster casts, which are
changed every two weeks. This treatment is often followed
by lengthening of the tendo .achillis. The anterior tibial
tendon is transferred to the third cuneiform: bone in chil-
dren who' are older than two and one-half years if thig
muscle is thought to have a strong supinatory action!1:19,
" Of the 104 club feet, thirteen were treated with man-
ipulation and plaster casts only; forty—two with plaster
casts and lengthening of the tendo achillis (93 per cent of
the lengthenings were done subcutaneousiy with local
anesthesia before the application of the last cast); forty-
eight, with a trapsfer of the anterior. tibial tendon to the
third cuneiform bone without changmg the pos;tmn of the
tendon underneath the ankle retinaculum except to provide
a straight line of pull'®; and one was tréated with a transfer
of the posterior tibial tendon to the dorsum of the foot
through the interossecus membrane. Of the forty-eight feet
that were treated by transfer of the anterior tibial tendon,
two had no other procedure; twenty-nine also had
lengthening of the tendo achillis; and seventeen had a va-
riety of surgical procedures that included recession of the
extensor hallucis Jongus tendon to the neck of the first
metatarsal (ten feet), plantar fascmtomy (six feet), pos-
tetomedial release {four feet), posterior release of the
ankle and subtalar joints (three feet), transfer of the exten-
sor digitorum communis-tendon to the metatarsals (three
feet), triple arthrodesis (two feet), and transfer of the pos-
terior tibial tendon to the dorsum of the foot through the
interosseus membrane (two feet, with one relapse of the
deformity which was treated by a transfer of the anterior
tibial tendon to the third cuneiform).

The mean age of the seventy patients at the beginning

TABLE |
FurcrnioNaL RATING SYsTEM For CLus Faor
Category Points -
Satisfaction (20 points)
[ am
&) very satisfied with the end resuit 20
b} satisfied with the end result i6
¢) neither satisfied nor unsatisfied
with the end result 12
) vnsatisfied with the end result 8
) very ungatisfied with the end result 4
Function (20 points)
In my daily living, my club foot
a} does not limit my activities 20
b) occasionally lnrmts my strenuous
activities 19
c) usually limits me in strenvous
activities 12
d) limits me occaswnaliy in routine
activities B
c) limits me in walking . 4
Pain (30 points) B
My club foot
a) is never painful 30
b) occasionally canses mild pain
duzing strenuous activities 4
©) usually is painful after strenuous
activities only : 18
d) is occasionally painfel during
routine activities 12
€) is painful during walking &
Position of heel when standing .
(10 points)
Hee! varus, 0° or some heel valgus 10
Heel varus, 1-5% ‘5
Heel varus, 6-10° 3.
Heel va:i:s greater than 10° 0

Pussive motion (10 pomts)
Dorsiflexion
Total vams -valgus motion of hecl
Total anterior inversion-eversion

1 point per 5° (up to 5 pomls) .
1 point per 16° (up to 3 points)

of foot . 1 paint per 25° (up to 2 points)
Gait {i0 points)
Normal 6
Can toe-walk o 2
Can heel-walk 2
Limp - e -2
No heel-strike a4 -2
Abnormal toe-off -2

of teatment was 6.9 weeks (standard devzauon 6.0
weeks); the mean pumber of casts used during their initja]
treatment was seven (standard deviation, 2.4); the mean
duration of the initial treatment with plaster casts was 8.6
weeks (standard deviation, 10.0 weeks); the mean number
of casts used for all treatment (initial treatment and treat-
ment of relapses) was nine (standard deviation, 4.6); and
the mean time that a Denis Browne bar was worn was 495
months (standard deviation, 26.4 months).

Each patient in the study filled out a questionnaire
that provided information relative to his or her Jevel of ac.
tivity (including participation in sports), foot pain, prob.
lems with shoes, appearance of the foof, and satisfaction
with the final result.

All seventy patients had an orthopaedic and nevrolog.
ical examination in which the strength of the muscles of
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’ . TABLE I¥ B ”
MorTtoN oF THE ANKLE AND FooT IN TWENTY-EIGHT NORMAL FEET AND Ong HunpreD Anp Four TREATED CLug Frer
Varus-Valgus Inversion-Eversion of
Ankle Domsiflexion _ Motion of the Hes} . Fore Part of Feot
Group Mean Standard Deviation  Significance® Mean Standard Deviation Significance® Mean Standard Deviation Significane
: {Degrees) {Degrees) (Degreex) (Degrees) - {Degrees) {Degrees)
. Normal feet (28 feet) 31 9 39 7 65 10
Chuls feet '
" Al (104 feet) 13 8.7 26.8 8.5 52,1 15.8
Treated with plaster
casts only (13 feat} 15.7 10.0 30.8 5.7 50.0 13,5
Treated with plaster
casts and tendo achillis .
lengthening (42 feet) 16.1 9.3 0.8096 30.1 7.0 0.0002 51.1 14.6 0.0002
Treated with anterior .
tibial tendon transfer .
{48 fect) 9.4 6.4 22.9 B.7 45.4 15.1

* The differences betwesn the three treatment groups as determined by the F test were significant at the 0.05 level,

the thigh, leg, and foot; stance; gait; and motion of the
ankle and foot were recorded. The limb length, cir-
cumference of the leg, and length and width of the foot
were all measured, The feet and legs were photographed
with the patient standing. A force-plate analysis was done

"in the Orthopaedic Biomechanics Laboratories to deter-
mine the location of the resultant foot-floor reaction force
for both feet during gait (the results of which will be pre-
sented in a subsequent paper). '

A rating system for functional results was designed,
with 100 points indicating a normal foot. This included a
maximum score of 30 points for amount of pain; of 20
points each for level of activity and patient satisfaction;
and of 10'points each for motion of the ankle and foot, po-
sition of the hee] during stance, and gait (Table I),

Anteroposterior and lateral roentgenograms of the
feet were made with the patient standing. The anteropos-
terior roentgenograms were made with the x-ray beam di-
rected posteriorly at an angle of 25 degrees with the fong
axis of the tibia in the sagittal plane. On the anteropos-
terior roentgenograms we measured the angle between the
longitudinal axes of the talus and calcaneus (the anteropos-
terior talocalcaneal angle) and the angle between the lon-
gitudinal axes of the calcaneus and fifth metatarsal, ac-
cording to the method of Beatson and Pearson. Using the

feet we made the same tests for function and the same
roentgenograms that we did for the treated club feet. we
compared the clinical and roentgenographic variables in.
all of the normal feet and in all of the club feet in each
treatment group by using the F test at the 0.05 level of
significance to identify statistically significant differences
in the resnlts. We also analyzed each of the clinical and
rocntgenographic variables in relation to the ratings of
function by using the F test at the 0.05 level of sig-
nificance. - :

Using the T test, the rating of function and the pa-
tient’s satisfaction with the result as indicated by his or her
fesponse to the questionnaire were each correlated with the
following: the patient’s ages at follow-up and initia) treat-
ment, total number of plaster casts, total time spent wear-
ing the Denis Browne bar, number of relapses, amount of
ankle dorsiflexion, amount of varus-valgus motion of the
heel, inversion-eversion motion of the fore part of the
foot, position of the heel while standing, adduction of the
anterior part of the foot while standing, presence of pes
cavus, anleroposterior and lateral talocalcaneal angles,
and talocalcaneal index. Significant correlations were
identified by the T test at a 0.05 level of significance.

Results

same method on the laterat roentgenograms, we measured
the angle between the longitudinal axes of the talus and
calcaneus (the lateral talocalcarieal angle) and the angle
between the longitudinal axes of the first and fifth metatar-
sals. Finally we calculated the talocalcaneal index, which
is the sum of the anteroposterior and lateral talocalcaneal
angles as described by Beatson and Pearson. We also re-
corded any wedging of the lateral aspect of the mavicular
~ and any fiattening of the trochlea of the talus. The an-
teroposterior talocalcaneal angle reflects the varus-valgus
position of the heel; the anteroposterior angle between the
calcaneus and the fifth metatarsal, any metatarsus
adductus; and the lateral angle between the first and fifth
metatarsals shows any pes cavus.
Of the seventy patients who returned to our clinic for
this study, twenty-eight had one normal foot, For these
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In ali of the patients with unilateral club foot, the
normal foot was longer and wider than the club foot and
the circumference of the leg was greater on the normal side
than on the side with the ciub foot. The limb lengths, on
the other hand, were the same. The mean difference be.
tween the lengths of the feet was 1.3 centimeters; between
the widths of the feet, 0.4 centimeter; and between the
circumferences of the legs, 2.3 centimeters.

The strength of the muscles in the limb with the club
foot, including the muscles whese tendon had been trans-
ferred, were rated 4.5 or 5.0 points on a 5-point scale.

For the purposes of this study, a relapse was defined
as a club foot having a recurrent deformity that required
further treatment, Fifty-five (53 per cent) of the club feet
had no relapse; forty-nine (47 per cent) had one relapse at a
mean age of thirty-nine months: twenty-five, a second re-
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Fic. 1-A

Bilateral club-foot deformity in a male infant who was treated with six
plaster casts for six weeks, The patient then wore 2 Denis Browne bar on
his shoes for five years. A mild recurrence of the deformity oceurred
when he was two years old and was treated with three plaster casts that
were changed at two-week intervals. When he was three and one-half
years old, the deformity recumred again in the right foot. This was ireated
by transfer of the anterior tibial tendon 1o the third cuneiform.

lapse at a mean age of fifty-three months; ten, a third re-
lapse at a mean age of sixty-three months; and three, a
fourth relapse at a mean age of seventy-seven months.
The mean rating of function for all 104 club feet was
87.5 points, with a standard deviation of 11.7 points and a
range of 50 to 100 points. The mean ratings for the feet in
the thige treatment groups were as follows: plaster casts,
93.1 points (standard deviation, 7.1 points); plaster casts
and tendo achillis lengthening, 92.4 (standard deviation,
9.8); and transfer of the anterior tibial tendon, 80.5 (stan-
dard deviation, 11.1). The functional ratings in the three
groups were significantly different (0.0001) as determined
by the F test at the 0.05 level of significance. The feet that
were treated by anterior tibial tendon transfer had a mean

rating that was much lower than the mean ratings of the
other two groups.

The resuits were classified according to the scores, as
follows: excellent, 90 to 100 points; good, 80 to 89; fair,
70 to 79; and poor, less than 70 points. The results were
rated as excellent in 54 per cent of the feet, good in 20 per
cent, fair in 14 per cent, and poor in 12 per cent.

Fifty-nine per cent of the seventy patients stated thayt
their club feet were never painful, 24 per cent had occa-
sional mild pain after strenuous activities, 9 per cent had
occasional pain during routine activities, and none had
pain when walking. Seventy-two per cent had no limita-
tion of activity due to the club foot, and 18 per cent hacl
only mild limitation of activity. Only 7 per cent of the pa-
tients did not play on an athletic team because of 'discom -
fort in the club foot, although 36 per cent did not partici-
pate in organized sports by choice. Eighty-nine per cent of
the patients stated that the club foot was nermal or close to
normal in appearance and that they experienced no embar.
rassment in public. Ninety-nine per cent were able to wear
shoes of the same size. Seventy-two per cent of the pa-
tients were very satisfied with the end result of their treat-

- ment, 19 per cent were satisfied, and only 4 per cent of the

patients were not satisfied.

The motions of the foot and ankle in the norma} limbs
were compared with those of the limbs with club foot
(Table II). The mean amounts of dorsiflexion of the ankie,
varus~-valgus motion of the heél, and Inversion-eversion of
the anterior part of the foot were between one and two
standard deviations lower in the limbs with a club foot than
in the normal limbs. The feet that were treated by anterior
tibial tendon transfer had significantly less motion than the
feet in the other two treatment groups.

The mean position of the heel in the club feet during

Fis.

I-B

When the patient was eighteen years old the feet appeared normal and were painless, and he was parlicipating in all sports. In each foot he had 10
degrees of ankle dorsifiexion and 23 deprees of plantar flexion, 25 degrees of varus and 5 degrees of valgus motion of the heel, and 45 degress of
inversion and 10 degrees of eversion of the fore part of the foot. The functional rating of the club feet was 92 points.

THE INTIRNAL OF RONF AN tNINT S1IDAGRY
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_ TABLE Il
FUNcTIoNAL RATINGS RELATED To RANGE OF Momion anp Postnion WHEN STANDING IN ONE Hunprep anp Four Crus FEET

Functional Rating

Motion and Position when Standing No. Mean Standard Deviation Significance*
(Degrees) (Degrees)
Ankle dorsiflexion
3° or less 35 81 11
6o 15° 34 87 H 0.0001
Greater than 15° 5 . 93 11
Varps—va!gus motion of heel
32° or Jess - 76 85 12 }
Greater than 32° 28 93 9 0.0013
Inversion-eversion of fore part of foot
55° or less 73 84 12 }
[+ X
Greater than 55° 31 94 7 9001
Position of heel when standing ‘
Varus 28 82 8 }
0.0286
Neutra or valgus 76 89 : 12 02
Metatarsns adductrs when standing
Greater than 5° 7 78 12 }
0.0336
3° or less 97y ' 83 13 o

* There were significant differences between subgroups for motion and standing position as determined by the F test at the 0.05 leved,

standing was 1| degree of valgus deviation, and there was
no significant difference between the treatment groups.
The mean metatarsus adductos while standing was 2.8
degrees.

Fig. 1.C

On anteroposterior roehtgenograms made when the patient was eigh-
teen years old, the talecalcaneal angle is 12 degrees in both feet, the
angle between the calcanens and the fifth metatarsal is | degree in the
right foot and ~ 12 degrees in the Jeft one, and the angle between the
talvs and the first metatarsal is zero degrees in both feet. The navicular is
medially displaced and wedge-shaped and the cuneiforms are anguiated
laterally bilateraily, '

Fic. 1-D
" On lateral roentgenograms, the talocalcaneal angle is 15 degrees in the
club feet and on the heels of seventy-nine (twenty-five, or right foot and 19 degrees in the left, and the talocalcaneal index is 27

: : ; : deprees in the right foot and 31 degrees in the left, The body of the talys
24 per cent, of the club feet did not permit hee walking). is small, the subtalar joints are distorted, and the naviculir is wedge.

Ninety-four (90 per cent) of the feet showed no pes cavus  shaped biaterally.
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TABL.E

ANALYSIS OF ANGLES MEASURED ON ANTEROPOSTERIOR AND LATERAL ROENTGENOGRAMS IN TWENTY-EIGHT NORMAL

Antefopésteﬁor Talocalcaneal Angle

Lateral Talocalcancal Angle

Group Mean Standard Deviation Mean Standard Deviation
{Degrees) {Degrees) {Degrees) (Degrees)
Normal feet (28 feet) 20 & 33 7
Club feet
All {104 feet) 4.5 8.7 20.9 5.9
Treated with plaster
casts only* (13 feet) 15.8 8.3 24.7 7.1
Treated with plaster
casts with tendo achillis -
lengthening* (42 feet) ’ ‘ 13.5 7.8 20.9 4.9
Treated with anterior
tibial tendon fransfer* . .,
(48 feet) 15.3 8.3 19.7 5.9

* There were no significant differences between the three reatment groups as determined by the F test at the 0.05 levcl.

Some reduction of the height of the anterior part of the
trochlear surface was also noted, but complete flattening of
the trochlea was not seen in any patient and no rockes-
bottom deformities were recognized either roentgenc-
graphically or clinically.

There were no significant differences between the
mean anteroposterior talocalcaneal angles and talocal-
caneal indexes of the feet with excellent, good, fair, and
poor function ratings. The mean lateral talocalcaneal an-
gles, on the other hand, were significantly different as de-
termined by the F test (0.0114) at the 0.05 level of sig-
nificance. The mean lateral angles for the feet in each
rating group were: excellent rating, 22.4 degrees (standard
deviation, 5.4 degrees); good, 20.5 degrees (standard de-
viation, 4.6 degrees); fair, 18.4 degrees (standard devia-
tion, 7.5 degrees); and poor, 17.4 degrees (standard de-

deformity, while ten had 2 mild cavus deformlty -None of
the seventy patients limped.

The functional ratings of the feet were correiated with
the ranges of motion of the foot and ankle and the standing
positions of the heel and fore part of the foot. The feet
were categorized into different subgroups according to the
amount of motion or the severity of the malalignment of
the foot in the standing position (Table II). The criteria
for the different subgroups either were chosen arbitrarily
or were based on one standard deviation below the mean
for the normal feet. As seen.in Table III, there were sig-
nificant differences between the mean functional ratings of
the subgroups. Decreased dorsifiexion of the ankle,
varus-vaigus motion of the heel, and inversion-eversion
motion of the fore part of the foot showed significant corre-
lations with a fow functional rating. A varus position of the
heel and metatarsus adductus when the patient was stand-
ing also were associated with a lower rating of function.

The roentgenograms revealed that the mean values for
the anteroposterior talocalcaneal angle, lateral talocal-
caneal angle, talocalcaneal index, and anteropesterior
angle of the calcaneus and fifth metatarsal of the club feet
were at least one standard deviation less than the corre-
sponding mean values of the normal feet (Table 1V). The
mean angle between the first and fifth metatarsals on the
lateral reentgenograms of the club feet was approximately
squal to the same angle in the normal feet. There were no
significant differences between the angles measured on the
roentgenograms of the club feet in the different treatment
groups.

On the anteroposterior and lateral roentgenograms of.
ninety-one (88 per cent) of the 104 club feet, the lateral
half of the navicular bone appeared wedge-shaped to a
varying degree and the coneiforms in front of the navicular
were laterally displaced and laterally angulated (Fig. 1-C).
There was also moderate flattening of the trochlear articu-
lar surface of the talus in most of the club feet, although
the degree of flattening could not be measured accurately
since we did not control the amount of rotation of the limb
adequately when the lateral roentgenograms were made.

viation, 6.3 degrees).

The functional ratings were correlated with the clini-
cal and roentgenographic findings at follow-up (Table V),
and the patient’s degree of satisfaction with the results was
correlated with the variablessépialuated in this study as
shown in Table VI. The functional rating and the patient’s
satisfaction correlated highly with the ranges of motion of
the ankle and foot, the appearance of the club foot, the
amount of pain, the level of activity, and the latera]

talocalcaneal angle.

Discussion

The functional rating system that was designed for

this study depended heavily on the patient’s subjective re-
sponse. Ninety per cent of our patients were satisfied with
the appearance and function of the treated club foot. The
force-plate analysis, to be reported in detail in a separate
paper, showed that the location of the resultant foot-floor
reaction force was more variable and somewhat more lat-
eral compared with the normal location. However, in none
of the patients did the reaction force show that the patient
was walking on the outer part of the sole. The function and
appearance of the treated club foot contrasted with the
limitation of the motions of the foot and ankle observed at



LONG-TERM RESULTS OF TREATMENT OF CONGENITAL CLUB FOOT

v

29

FeeT AND IN ONE HUNDRED AND FOUR CLUB FEET IN THE STANDING POSITION

" Talocalcaneal Index

Anteroposterior Angle of

Lateral Angle of First

Calcaneus and Fifth Metatarsal and Fifth Metatarsals
Mean Standard Deviation Mean Standard Deviation Mean Standard Deviation
(Degrees) (Degrees) (Degrees) (Degreesy” (Degrees) (Degrees)

537 8 - 12 4 ) 12 -7

35._5 !0.2 —-4.9 10.5 14.7 6.4

40.5 . 10.7 -3.5 9.5 16.7 8.5

34.6 10.6 ~6.D 11.4 14.5 6.2

34.8 9.5 4.1 10.0 14.6 6.0

our final examination and with the roentgenographic TABLE V1

findings.

Wé observed significant differences between the
treatment groups in terms of the functional rating, degree
of anlde dorsiflexion, varus-valgus motion of the heel, and
mversmmevcrsmn mot:on of the anterior part of the foot

. These differences most likely were related to the degree
of resistance fo treatment of the club feet in the differ-
ent groups rather than to the treatment itself. The number

of relapses had a highly significant negative correlation:

with the patient’s functionai rating. Obviously: the resistant
club feet reqmred more treatment. Seventy-four per cent of
the club feet had godd to excellent functional results.
Forty-seven per cent had a relapse after the first treatment.
These results comparéd favorably with those reported in
other serigs®#7%i1WIZ-14,16,19.20.22-2427  Many authors have
placed special emphasis on the roentgenographic criteria
of club~foot correction }12-?1:26.27 We found a strong corre-
lation between the lateral talocalcaneal angle, the
functxonal ratmg, and the patient’s satisfaction with the re-
sults of treatment. This is in accordance with the observa-
tion of Turco that the lateral talocalcaneal anglé is the
more accurate indicator of club-foot correction. Temple-
ton et al. measured thc anteroposterior and lateral talocal-
caneai angles in the normal feet of children older lhan five

TABLE V

StoniFIcanT CORRELATIONS OF THE FUNCTIONAL RATINGS
WITH CLINICAL AND ROENTGENOGRAPHIC FINDINGS

Correlation  Significance*

Anterior inversion-eversion motion of

the foot .59 0.001
Variis-valgus motion of the heel 0.47 0.001
Nutber of relapses —0.46 0.001
Ankle dorsifiexion 0.45 0.001
Total number of plaster casts —0.34 0.001
Latéral talocalcaneal angle 0.31 0.001
Anterior adduction of the foot -0.20 0.023
Talocalcaneal index 0.16 0.049

* There were significant correfations between the functional rating
and the specific variables listed as determined by the T test at the 0.05 level,
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S16MIFICANT CORRELATIONS OF THE PATIENT'S SATISFACTION WITH
CLINICAL AND ROENTGENOGRAPHIC FiNDINGS

Correlation  Significance+
Appearance 0.63 0.001
Pain 0.46 - 0,001
Activity- 0.40 0.001
Lateral talocalcaneal angle 0.29 0.001
Cavus —0.28 0.002
Anterior addection of the foot 0,24 0.008
Varus-valgus motion of the heel .10 0.034
Talocalcaneal index 0.17 0.041

* There were significant correlations between the patient’s positive
response o the question relative to satisfaction and the specific variables
listed, as detenmned by the T test at the 0. 05 level.

years. The values compared “very closély with the ones
found in the normal feet that we examined, In our patients,

forty -three (41.4 per cent) of the club feet showed correc-
tion of the anteroposterior talocalcaneal angle and of the
talocalcaneal index to within one standard deviation of the
mean in the normal feet; however, correction of the lateral
talocalcaneal angle to the ‘samé Jggree was observed in
only twetve (11.5 per cent) of the club feet. A Jarge pro-
portion of the club feet that we treated had a wedge- Shaped
navicular as seen on roentgenograms. Since the mean an-
teroposterior and lateral talocalcaneal angles were 14.5
and 20.8 degrees, respectively, the majority of the club
feet did not have complete comrection of the deformity of
the posterior part of the foot by roentgenographic criteria.

Some correction of the deformity occurred at the mid-
tarsal joint through lateral displacement and angulation of
the cuneiforms and through wedging of the navicular,

These roentgenographic changes will be discussed in detait
in another paper.

~ The majority of the patients with pain complained of
discomfort at the anterior aspect of the ankle joint and over
the lateral aspect of the talonavicular joint after prolonged
activity. This could have been due to abnormal loading of
the mid-tarsal joints and the wedge-shaped navicular.

Whether this deformity leads to early degenerative arthritis
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and further impairment of function in later life is uncer-
tain.

In 1923, Dunn described lateral transfer of the an-
terior tibial tendon in the treatment of club foot and
suggested that this transfer would be “‘helpful in prevent.
ing or delaying a recurrence of deformity'”. In 1947, Gar-
cear and Manning also reported that the transfer had a
“‘corrective influence’’. Whether anterior tibial tendon
transfer has a corrective influence or merely prevents re-
lapse when the muscle is removed as a dynamic deformer
cannot be concluded from our study. Forty-six per cent of
the patients had the anterior tibial tendon transferred to the
third cuneiform after the first relapse and 56 per cent, after
the second relapse. This transfer certainly appeared to pre-
vent clinical relapse in our patients. Correction of the
varus deformify of the heel can be clinically maintained by
transfer of the anterior tibial tendon, and a large proportion
of the club feet that were treated with this procedure had

 correction of the anteroposterior talocalcaneal angle as

™ shown by their roentgenograms. However, the transferred
anterior tibial tendon did not correct the lateral talocal-
caneal angle, indicating that there was restriction of mo-
tion of the subtalar joint and of dorsiflexion of the ankle.

Our assumption that maintenance of flexibility of the
foot improved the functiqnal result was confirmed. The
amount of motion of the foot and ankle made a significant
difference in the final result of treatment. Subgroups based
on the amount of motion of the joint and the position of the
foot while the patient was standing had significantly dif-
ferent functional ratings. The larger the arcs of motion of
the ankle, subtalar, and mid-tarsal joints, the better the
functional result. There were strong positive statistical
correlations between the functional rating of the club foot,
the patient's safisfaction with the final result, and the mo-
tion of the joints of the foot and ankle.

8. 3. LAAVEG AND I. V. PONSET!

This study, like all long-term follow-up studies, had
Jimitations. It is regrettable that only seventy of the 126
patients returned for examination. The twenty-six patients
who were located but who digd not return all stated by letter
or in telephone conversations that they were doing well,
and their answers to our guestions suggested that their re-
sults did not differ from those of the patients who returned
for examination. Unfortunately, most roentgenog{arﬁs
made during the treatment period had been destmyed‘.
Therefpre we could not delineate when talocalcaneal an-
gles changed or when wedging of the navicular bone in-
creased. The trochlea of the talus ‘was slightly flat in maﬁy
feet, but the degree of flattening was compatible with that
observed in the talus of newborns with_club feet!*,

Recently many authors have advocated early poste-
rior or posteromedial surgical release in the treatment of
club foot!®i7.20.21,23.24.26  Yyhlman and Bell found that

-club feet that were treated by anterior tibial tendon transfer

bad a much better result than feet that were treated by
posteromedial release. Our results have been as good as or

‘better than the results reported by others. Whether poste-

rior or posteromedial release performed to correct the pa-

. tient’s lateral talocalcaneal angle on roentgenograms

would improve our results needs further study. Very se-
vere club foot may well benefit from edrly surgical treat-
ment to improve the anatomical correction. We are con-
cemed, however, that while a posteromedial release may
correct the lateral talocalcaneal angle, it also may reduce
motion of the foot and ankle and, therefore, not imprové
the functional result. This study has indicated that with
proper manipulative and plaster-cast techniques, transfer
of the anterior tibial tendon when indicated, and careful
supervision, the orthopaedist can expect satisfactory
functional results in a large percentage of congenital club
feet.
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The Use of Plastic Jackets in the Non-Operative
Treatment of Idiopathic Scoliosis |

PrRELIMINARY REPORT

BY WILLIAM P. BUNNELL, M.B.*, G. DEAN MACEWEN, M.D.T, AND SHANMUGA JAYAKUMAR, Mm.n.t,
WILMINGTON, DELAWARE

From the Alfred I. duPont Institute, Wilmington

ApstrACT: One method of treatment for scoliosis
consists of usifig :a custom-made plastic underarm
jacket made of .Qﬁﬁiq;ilaét. The results of treatment.in
the first forty-eight patients with idiopathic scoliosis to
complete the treatment program showed arrest of the
progression of the curve in forty-two. Comparisons
were made with thé Milwaukee brace. The key prog-
nostic factors for success appeared to be the severity
and 'ﬂexil_)ility of the curve at the start of treatment.

Despite Hippocrates” description of scoliosis 2,400
years ago, it was not until 1914 that the first successful
spine fusion was carried out for this condition. Thirty
years ago the Milwaukee brace was introduced, and to date
it remains the only proved successful method of non-
operative treatment for scoliosis®.

Emphasis on the early detection of scoliosis through
sach means as school screening programs and family sur-
veys has resulted in the referral to scoliosis clinics of large
numbers of young patients with miid curves. While the
Miiwaukee brace has been most effective in treating this
group, it has the disadvantages of being expensive, incon-
venient, and moderately objectionable in appearance to
patients. ‘

For these reasons, a search was started for a less
expensive and more acceptable orthosis for the treatment
of idiopathic curves of less than 40 degrees in the imma-
ture spine. After numerous modifications, a technique of
fabricating a body jacket with Orthoplast was developed
and a treatment protocol was established.

The purpose of this paper is to describe the method of

* Department of Orthopaedic Surgery, Upstate Medical Center, 750
East Adams Street, Syracuse, New York 13210,

+ Alfred 1. duPont Institute, P.O. Box 269, Wilmington, Delaware,
19899, . :
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fabrication of the jacket and the management program, and
to report the preliminary results of treatment in the first
forty-cight patients who completed the program.

Technique of Fabrication

The patient is first placed on a suitable table and a cast
{Risser or Cotrel type) is applied using strong corrective
forces (average, twenty-seven kilograms of longitadinal
traction). A roentgenogram is made while the patient is
wearing the cast to determine either the amount of reduc-
tion of the curve or the improvement of the alignment, or
both. The cast is then removed and filled with plaster to
provide a positive mold that can be further modified to re-
lieve pressure points and provide proper location of cor-
rective forces. Orthoplast (or another suitable thermoplas-
tic) is molded to this model. Trim lines are established at
the levels of the pubic symphysisﬁa d greater trochanters to
allow the patient to sit with the hips flexed, and the top is
trimmed to fit high in the axillac. The jacket opens in the
front for easy removal and is held closed by Velcro straps
which provide a snug, adjustable fit (Figs. 1-A, 1-B, and
1-C). A roentgenogram is then made while the patient is
wearing the jacket. The time for fabrication is about 50 per
cent less for an Orthoplast jacket than it is for a standard
Milwaukee brace. The cost of fabrication for the Ortho-
plast jacket averages 35 to 40 per cent less than that for 4
Milwaukee brace.

Treatment Protocol

Indications: Although the plastic jacket is not in-
tended to completely replace the Milwankee brace, the
indications for its use are very similar. The curve should
be less than 40 degrees and flexible, with an apex below
the seventh thoracic vertebra; the patient should be skele-
tally immature and cooperative; and the physician and the
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Congenital Club Foot: The Results of Treatment

BY IGNACIO V. PONSETI, M.D.*, AND EUGENE N. SMOLEY, M.D.}, IOWA CITY, Iowa
From the Depariment of Orthepedic Surgery, State Universily of fowsa, Iowa City

Bince 1948, a uniform system of treatment has been applied to all cases of
. congenital club foot on the Orthopedic Service of the State University of Iowa.
Our aim has been to obtain a supple, well corrected foot in the shortest possible
time. An end-result study of severe club-foot deformities in otherwise normal chil-
dren treated initially in this department from 1948 to 1956, with a follow-up
period from five to twelve years, is here presented. .

Three hundred and tweniy-two patients with club-foot deformity werd
tréated during this period. The following were not included in this study: One
hundred and forty-nine patients had been originally treated in other clinics and
were referred to us for further correction. Ten patients bad arthrogryposis;
four had a complete or partial absence of the tibia; and eighteen had a myelo-
meningocele. The sacrum was absent in two and congenital constriction was
present in the legs above the malleoli in two patients. In forty-six patients, the
foot deformity was mild and was corrected by simple manipulations or the applica-
tion of one to three plaster casts. Of the renisining ninety-one otherwise normal
‘children with severe untreated club-foot deformities, twenty-four were lost
to follow-up, usually at the end of the initinl treatment.

. 'We were able to evaluate the results of treatment in only sixty-seven pa-
tients with a total of ninety-four club feet. All these deformities were severe,
although many variations in the degree of rigidity of the feet were present. The
age of the patient at the onset of treatment ranged from one week to six months,
and the average age was one month. Of the sixty-seven patients studied, ten
were female and fifty-seven were male. The deformity was, therefore, almost six
times as prevalent in male as in femate children. Forty patients had only one foot
deformed (60 per cent) and twenty-seven patients had both feet deformed (40
per cent). In the patients with unilateral involvement, the right foot was deformed
in eighteen and the left foot in twenty-iwo cases. Anteroposterior and lateral
roentgenograms and. photographs of the feet of all patients were made at th
onset of {reatment and again at the time of the final examination# :

SR ~ .. ' METHOD OF TREATMENT -

- We aimed at an'early and full correction of all the components of the deform-
ity by gentle manipulation and well molded, thinly padded plaster casts which
~ were changed every four to seven days. Anesthesia was never used. The plaster

cast was applied in two sections, the first section extended from the toes to just
below the knee and the second covered the knee and thigh. The knee was immobil-
ized at a right angle while the leg was gently rotated outward to correct tibial
torsion. ' U

- A clear understanding of the elub-foot deformity is possible after identifying
by palpation the position of the bones in the foot and their relationship to one
another and to the leg. The foot is displaced and rotated mediaily beneath

* State Uni_ﬁ'ersiby of Iowa, Iowa City, Towa.
{2901 Capitol Avenue, Sacramento 16, California. 261
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Fig. 2.B: Mangula on 1 bo correot the cavus dsform:ty. ‘The fore pa,rt; of the foot is slightly supi-
nated to be ‘in proper alignment; with the hind paxt of the foot.
Fig. 2-C: Wrong mansuver to correct the inversion. This maneuver increases the cavus deform-

ity ami fails to notreet the varus deformity of the heel.

Fw. 2B S Fie 2

2.D: 'I'he outlmes of the bouaawem dmwn on t.he skm..’.[‘hg head of the ta.ius (T) was
palpa.blem the dorsolateral aspect of the foot in front of the ankle joint. The navicular
displaced medially and its mberomty tﬁdﬁble just anterior to. the medial malieolus. The ﬁw

metatarsal in almast in 5’straight lin cuboid and caleaneus. ,

Figs.  2-E and 2-F: Manipulation tﬁ correct the inversion: outward pressure is exerted on the
first metatarsal and counter pressure on the lateral aspect of the head of the talus (7'}, When the
pavicular and enboid and the entire fore part of the foot are dispiaced laferally in relation with
the head of the tal usﬁe e anterior portion of the caleaneus follows; thus, the heel varus deformity
is corrected. While inversion is corrected the fore part of the foot should not be pronated 1;0
prevent recurrence of the cavus deformity.

directly beneath the head of the talus. This displacement is responsible for the
severe varus deformity of the heel (Figs. 1-A and I-B). The cuboid is also dis-
placed inward in front of the calcaneus. The cuneiforms are displaced downward
and inward in front of the navicular. The medial displacements of the navicular,
cuboid, cuneiforms, and metatarsals contribute in different degrees to the severe
adduction deformity of the club foot. The varus deformity of the calecaneus

VOL. 45-A, NO, 2, MARCH 1963



bluxation of the talocaleaneo-
ions: in':positi navicular and caleaneus with
ose which: oscur in the normal foot when iis adducted,

ed, but they are ‘exagperated in d However,
true club-foot position because even in the extreme

 degree of inversion of the front and back part of the foot,
must, becorrected with the first cast. Since the cavus

to the pronation of the fore part.of the foot with respect

the heel will be corrected (Figs. 1-A and 1-B). Care is taken not to pronate the
fore part of the foot during this manipulation to prevent recurrence of the cavus
deformity (Fig, 2-E). The manipulations should: be gentle and followeg by the
application of a well molded thinly padded light plaster cast. Four to five plaster-
cast changes are usually sufficient to correct the inversion of theJfoot,
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be necessary for a complete correction, a simple subcutaneous tenotomy of the
tendo achillis is performed with the patient under general anesthesia. A toe-to-
groin cast with the foot in maximum dorsiflexion and the knee at a right angle
is then applied for three weeks. The equinus deformity is thus immediately
corrected, obviating a rocker-bottom deformity which often results from pro-
longed forceful manipulation. When the plaster cast is removed three weeks later,
the defect in the tendon is healed. The scar in the tendon after this procedure is
minimum, as observed in several instances where a tendo achillis lengthening was
performed several years later to correct a recurrence. . )

Medial tibial torsion of variable degree is present in most patients with club
feet and is 2 tenacious deformity if below-the-knee casts are used during treat-
ment. Tibial torsion<can be gradually corrected when toe-to-groin casts are
applied with the knee in 90 degrees of Sexion. To do this, the leg portion of
the cast which includes the foot is held.in slight outward rotation while the thigh
portion hardens.

TABLE 1
TREATMENT 0¥ RECURRENCES
First Second Third Fourth
No. of Patients 87 12 . 7 1
No. of Feet , b3 17 9 1
Average Age (years) 214 3 435 7
Treatment No. of No. of No. of No. of
) Feet' Fest Feet : Feet

Plaster casts 47 (6.4 wka.} 17 (8 wks.) 9 ({7 wks.) 1(6 wks.)
Denis Browne splints 6 (11 mos.)
Subcutaneous section, 5% 4= 1*

tendo achillis .
Tendo achillis G 1 1™

lengthening :
Anterior tibial transfer 27 5 [ 1
Recession, extensor 3 1 1

hallucis longus
Recession, extensor 1

digitorum longus
Subeutaneous plantar 1 1 1

fasciotomy . . ‘ ‘
Medial release 1 2
Lisfranc eapsulotomy 1 o g

* One foot had subeutaneous tendo achillis tenotomy with the initial treatment.
** Two feot had subsutancous tendo achillis tenotomy with the initial treatment.

From five to ten (average 7.6) plaster casts worn for periods of from five to
twelve weeks (average 9.5 weeks) were necessary for the correction of all the club-
foot components in our cases. A subcutaneous section of the tendo achillis was
done in seventy-four of the ninety-four feet. To prevent recurrences of the
deformity, Denis Browne splints with high-top shoes with well molded heels were
applied after the plaster-cast treatment. These splints were left on full time for
an average period of three months and at night for an average of twenty-one
and a half months more (ranging from ten to thirty months)*. Ordinary high-top
shoes were used for walking. No sole wedges were preseribed.

* For the past four years, Denis Browne splints have been worn at night until the age of three
to five years.
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First Recurrence

The deformity recurred in fifty-three feet (56 per cent) (Table I) at ages rang-

ing from ten months to five years, with an-average of two and one-half years, Some

. authors ! stated that recurrences only occur when the club-foot deformity is not

completely corrected at the initial treatment. However, when we reviewed the
roentgenograms made at the end of the primary {reatment, we found that the
relationship of the talus to the ealcanceus had not been completely corrected
in only five cases. The causes for the recurrences are difficult to determine. In
the forty-one feet permanently corrected with the first treatment the deformity
tended to be Jess rigid, the leg muscles better developed, and the length of Denis
Browne splint treatment longer than in the feet with recurrent deformities. Also,

the family of patients without recurrence tended to be more cooperative. About ‘

half of-the recurrences oceurred from two to four months after the Denis Browne
splints were discarded, usually on the family’s own initiative; the recurrences
could be blamed on the neglect of follow-up treatment with these splints. In
other patients the recurrence was associated with & severe initial deformity and
apparently poorly developed leg muscles' these recurrences seemed to be related
to the severity of the primary aberration which ca.used the deformity.

In six patients the recurrence was treated with the Denis Browne splint
worn at night and dunng napping hours. In forty-seven patients, the recurrence

- was more severe and was treated with manipulation and toe-to-groin plaster
" easts changed each week. The cast treatment lasted from three to twelve weeks

(an average of 6.4 weeks). In the majority of reéurrences, the equinus deformity

-wag mild and responded io conservative treatment. - Of the seventy-four feet

treated with heel-cord section at primary freatment three requs.ted further surgery.

.+ The tendo achillis was sectioned subeutaneonsly aga.m. in one pafient and was
" lengthened through & short medial longitudinal skin incision in the other two
" patients. The equinus deformity was resistant in geven feet not surgically treated

- initially. The tendo achillis was Beétmned subcutaneously in four of these and
-+ lengthened in the other three. A subcutaneous section is preferred in patients
" under one year of age and 't tendo achillis lengthening in the older patients. In many
*.-of the recurrences, ‘the varus defonmty of the heel was more registant to eon-
jservatwe treatment than the equinug deformity. A transfer of the anterior tibial
dendon to the third cuneiform was done in twenty-seven feet in which there was

-a tendency for. this muscle to supinate: the foot strongly after the correction *. The

_ tendon was transferred to the thu'd cune:form n nmeteen feet and to the cuboid

¥ P-

Fra. 3 PmI

Flg. 3 A, B U a.nd D Anteropnstenor and lateral mentg'enomms of the feet of six-week-old
baby boy with severe congenital elub fett. In the anteroposterior roentgenograms, the talus and
eus are superimposed and their axes coincide indicating a severe beel varus deformity. The

- angle bebween the axis of the caleaneus and that of the fifth metatarsal {adduction of the fom part

of ‘the foot) measures 74 degrees. In the lateral views, the anoie formed by the long axis of the
ealeaneus and that of the first metatarsal {cavus) measures 86 degreés. "The caleaneus is in severe
ecuyinus and the talusis subluxated forwa.rd in relation with the tibial morhse Treatment consisted
in manipulation and application of five plaster casts fur the correction of the cavus, the adduction,
‘and the heel varus deformities. This took s total period of one month. A bilatersl tenotomy of the
tendo achillis waia then performed followed by & plaster cast applied for three weeks,

- ¥ig. 3, E, F, G, and H: Anteroposterior and lateral roentgenograms made after removal of the

last’ plastet y foven weeks after onset of trestment. In the auteroposterior roentgenograms the

angle between thelong axis of the talus and that of the calecanens measures 33 degrees, indicating
correction of the heel warus deformity, and the angle between the caleinens and the metatarsal
measures 13 degrees, indicating corvection of the adduction of the fore part of thefoot. In the
latexal roentgenograms the equinus deformity appeara corrected and the angle between- the long
axis of the calcanens and that of the metatarsal measares degrew, indicating correction of
the cavus deformity. Denis Browne sphin{s on shoes were worn full time for ten months and at
night until four and one-half years of age\ - 1“‘_
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. In-one foot with severe cavus deformity, & &4

-+ in thres other foet with deformities
. corrected by the application of onl

age ranging from three to.eight years (average,
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= : th:ssenw. In threefeet in addltmntotheantenor tibial !:ransferthe extensor
. hallucis longus ‘was recessed to the neck of the first metatarsal after suturing
i dxstalstumptn the tendon ‘of theshortwctensorofthe big toe. . The recession

he extensor hallucis longus was done.in cases with. severe plantar flexion of

th fixst metatarsal and hyperextension of the first metatarsophalangeal joint.

fibtutaneous plantar fasciotomy was
was-done to correct 2 severe

capsulotgimy

Lisfranc

In another, a.

.Becond' co recuz'mn l _' ceWas -observed rvi m venteen feet(ls per i:ent) at ages

- ranging from fourieen months to-five years; the average being three years. In

‘the initial elub-foot deformity was very rigid and the
ur: other fect w short, and‘_.r-_s_t:ubby and hence

atrophic

ted with reapplication of toe-to-groin plaster

p mnglngfmmfout 1o twelve

Thid Rewence

" The deformity reeurred for the thiis

‘these feet,

the recurrence

B egrees on the. tght und 0 degree on
the left, indicating correction of $he adduction of the fore part of both feet. In the laters] roent.
genoprams the angle between the long axis of the caleaneus and that of the first mnetatarss) mezsires
32 degrees on the right and 24 degrees on the left, indicating correction of the cavus deformity in

 both feet.
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TABLE I
Resvurs
Ankle Dorsi- Heel Virus Adduction of Tibial Result
flexion {Degrees) the Fore Part Torsion
(Degrees) ) of the Foot {Degrees)
' (Degrees) .
>10 e . 0-10 0 Good: 67 feet
‘ (71 per cent)
0-10 0-10 .. 10-20 : "Moderate Acceptable: 26
; ' ’ o o ) feet(?Sper
.. cent)
[} Over 107 - Over 20 Severe Poor: 1 foot
: : ; (1 per cent)

supinatory action of theia;xtgrior tibial muscle. These recurrences were perma-
nently.corrected by Iaterdltransfer of the anterior tibial tendon after the applica-
tion of two or three plaster.casts. The other four feet were somewhat rigid and the
. leg musecles were very atrophic. In one of these, a medial release operation, as well
a3 _a subcutaneous section of the tendo achillis, was necessary; in another, a
- medial release was combihtd with a transfer of the anterior tibial tendon to the
third cuneiform; in the third, a tendo schiliis lengthening was performed; and
in the fourth treatment conslsted in five plaster-cast changes which were followed
by a recurrence of the deformity. _
Fourth Recurrence - =~ .

. . " 'Thelast foo't,: jus mentioned,was the only}' fou;:tﬁ .reéixrrence observed (1 per
;- cent). Treatment consisted in the application of one plaster cast followed by a
.subcutaneous plantar fasciotomy; a transfer of the anterior tibial tendon to the

i‘;.tli_ix'-c‘lcq_];éifprm,‘#i;d'jha_._rgmidnbf the extensor hallucis Jongus to the neck of the

. The correction obtained in each of the components of the club-foot deformity
was evaluated elinically and roentgenographically. Both evaluations correlated
closely with respect to ankle dorsiflexion, heel varus, and adduction of the fore
part of the foot. Therefore bnly the clinical measurements of these componenis
are charted (Table II). All the clinical measurements were pé#éformed by the
genior suthor for the sake of uniformity. T
©On the anteroposterior reentgenograms, the degree of heel varus deformity
was estimated by measuring the angle formed by the long axis of the talus and
the caleaneus. A 30-degree angle was considered normal and was classified as 0
degree of heel varus deformilty. Thus 2 measured talocalcaneal angle of 20 degrees
corresponded to 10 degrees of heel varus deformity. The adduction of the fore part
of the foot was also estimatéd on the anteroposterior reentgenograms by measur-
ing the angle between the long axis of the calcaneus and that of the fifth meta-
tarsal. On the lzteral roentgenograms, the cavus deformity was estimated by
measuring the angle between the long axis of the calcaneus and that of the first
metatarsal (Fig. 3). The correction of the equinus deformity was estimated by
measuring the degree of ankle dorsiflexion. The degree of tibial torsion was
estimated elinically by having the patient seated on the edge of the examining
table with the knees at 90 degrees of flexion and the feet in slight plantar flexion.
In the normal foot, the head of the talus can be palpated in front of the ankle
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" Above: Club fobt in & tan-day-old male fnfant, Fhotographs rands after romoval of the plastor
cagts which. had been: itk days previously, Caviw deformity ia rompletely corrected on
..the nghé #de and. par ¥ cortected- on the left side. Five more plaster casts were applied in a

ik Thé child wore Denis Browne 5 lints time for four years. Below:
- At five years of age both feet wexe well corrected. . iR pm

mortise'in the same plane as the axis of the thigh. Medial or lateraPtthial torsion
1s indicated by the orientation of the head of the talus in respect to the patella and
 "'The eavus deformity was corrected in most feet by the first plaster-cast

" application. The recurrences of this deformity were wsually mild and responded
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. e O e B S
Above, left: Bilateral club-foot deformities in s one-month-old female infant. Six plaster; casts
were applied in a period of one month, followed by bilateral subrutaneous tendo achillis tenstomy.
Above, right: At three months of age both fest were corrected. At fourteen months of age, the
deformity recurred on the left and was treated by application of two toe-to-groin plaster casta,
A bilatersl ¥erirrence of the deformity occarred when fge child was five years old an(f was treated
bﬂstg:.tnsier of the snterior tibial tendon to the third cuneiform safter the application of three
P casts, Below: At eight years of age, both feet remained well corrected.
the initial treatment in all feet but it recurred in fifty-two. Anterior tibial transfer
was done after plaster-cast correction in thirty-nine of these feet. The operation
was successful in thirty feet but from 1 to 10 degrees of heel varus deformity
persisted in nine feet. In six of these feet, the tendon pulled loosefivm its insertion
(in three the wire broke and in the otber three the silk stitches apparently came
loose). In three feet the tendon was transferred to the third cuneiform and prob-
ably should have been transferred to the cuboid. The thirteen remaining recur-
rences had slight residual heel varus that did not require treatment.

Adduction of the fore part of the foot was completely corrected in seventy-
two feet (77 per cent), was less than 20 degrees in twenty-one feet (22 per cent),
and was severe in one foot. In one foot with severe adduction, the deformity
was corrected by capsulofomy of the Lisfranc joint. Of the twenty-two feet with

. residual adduction, seven had an anterior tibial transfer and fifteen did not.
It appears then that anterior tibial transfer may help to correct not only the heel
varus deformity but also the adduction of the fore part of the foot. .

Tibial torsion was completely corrected in seventy-eight feet (83 per cent),

In fifteen feet (16 per cent) a moderate residual medial tibial torsion of less than
10 degrees was observed, and in one there was tibial torsion of 20 degrees. In no

instance was an osteotomy of the tibia performed.

THE JOURNAL OF BONE AND JOINT SURGERY

P,



e T

S

w7 Naata

Mt

Areatment. In eighteen fect (19 per cent) dorsiflexion of the ankle was limited to
from 0 to 10 degrees. Eight of these feet had the tendo achillis sechqxﬁd at the

was observed in the final roentgenograms of this last foot and In fourteen feet of
the preceding group. The over.all rating of results is summarized in Table IT.
Good results ‘were obtained in 71 per cent of the feet (Figs. 4 and 5), aceeptable
in 28 per cent (Figs. 6 and 7), and poor in | per cent.

DISQUSSION
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o A AL oo PR FIG- 7 . - .
Bilateral club-foot deférmities in a fernalp infant treited at two months with six plaster casts
in a peviod of six wesks, followed by s bilateral subcutaneous tendo achillis tenotomy. Denis
EBrowne splints on shoes were worn for four yeara. Photoﬂgapba made when she was five months
old, and later, when she was two and one-half years old, show all the components of the deformity
well corr . A mild recurrence of the deformity oceurred when she was five years old, which
was trested by the appHeation of four pluster casts which were changed every ten days. Then,
Denis Browne splints on the shoes were worn for three years. When she was nine years old the
deformity recurred again. The left foot was treated by lengthening of the heel cord and transfer
of the anterior tibial to the third euneiform. Below, right: . the X‘hobographs made four months
after operation, the deformity is well corrected on the left side. A 15-degree varus deformity of
the th and S-degree equinus deformity persisted on the right. Subsequently, a lengthening of the
heel coxd and transfer of the anterior fibial tendos was done on the right foot, e

skeleton, which is to a great extent cartilaginous, is little deformed, and the joint
capsules, ligaments, tendons, and muscles can be stretched without damage. Early
correction of all the components of the deformity in the shortest possible $ime is
necessary for the proper development of the foot, sinee plaster-cast treatment
prolonged for many months interferes with growth and may .cause stiffness of
the joints. ) :

Correction of a severe equinus deformity ean be radically shortened by
subeutaneous section of the heel cord followed by the application of a. plaster
east (with the foot in maximum dorsiflexion) for three weeks. After this procedure,
the tendon always heals with little scarring; and, if it is done early, a posterior
capsulotomy of the ankle joint is unnecessary and rocker bottom and flattening
of the upper articular surface of the talus are prevented. However, the heel cord
should be sectioned only after the other components of the club-foot deformity
are completely corrected. Of seventy-four feet with severe equinus deformity
treated with a subcutaneous section of the heel cord in the primary treatment,
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: ox'tl_‘y.;ggi_ghi:' required further surgery to treat a recurrent equinus deformity. Only

- seven tendo achillis lengthening operations were péx*fqtjmed in the entire series,

- “Reeurrence of the heel varus deformity. and adduction of the fore part of

| - the foot are common even: after compiete correction. Denis Browne splints on

shoes worn full time for the first two or three months after correction, and part

- time thereafter until the child is from three to five years of age, are useful to
- prevent recurrences.in many cases. However,. only half of the remirrences could

" be blamed on the neglect of follow-up treatment; often ‘these could be eorrected
- .. by the réapplicaﬁni;'_of & few plaster casts. Some form of ‘surgical treatment was

o in these fect seems to ‘'be the most effective pmcednremprevent further recur-

* rence of the eel'vam;'defd;mity: The tendon transfer fhould be performed only

Pplaster mtg_or;,iffnma by

after the foot is well corrected either by ‘the applicatjon. of several’ eorrective

» H necess by & medial release operation. However, the medial
release opération often. leaves: extensive: scarring and stiffness in the mid-tarsal
joints'and, when possible, should be avoided.. Early hﬁ%’l‘&’ﬂfffﬁe; anterior tibial
tendon in the very severe cases reduces greatly the need for ‘this operstion. It

-was performed in only. t_@hreg of our feet. The anterior til';ml tendon was preferred

were used in the follow-up care in all patients, . > Co e
-In fifty-three feet the deformity recurred and required further treatment.
The recurrences of the equinus deformity were usuizlly mild and responded to
conservative treatment. Only seven tendo achillis lengthening operations were
performed. A transfer of the anterior tibial tendon to the dorsolateral aspect of
the foot was performed in thirty-nine feet to prevent further recurrences of the
heel varus deformity. Medial release operations were necessary in only three feet.
In no ease was bone surgery performed,
The results in 71 per cent of the feet were good; in 28 per cent a slight residual

defor‘mii;y_ persisted; and in one foot a poor result was obtained.
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THE PONSETI METHOD OF CLUBFOOT TREATMENT

The orthopaedist must have a sensitive and kind approach to babies; After a
General examination to rule out non-idiopathic clubfeet, parents must be
reassured that their baby’s deformity will be corrected in two months and
that the baby will have a normal-looking and functional foot throughout life.
Photos of the feet are taken for the chart. Radiographs are not necessary.

Foot examination and corrective manipulations are best done with the baby
res’ting on the mother’s lap. When applying the plaster cast, the baby is
placed at one end of the table to provide room for the mother and assistant

on either side. A bottle of milk and toys with soothing music relax the baby.

- All components of the clubfoot deformity must be corrected simultaneously,

not in sequence, except for the equinus which should be corrected last.

1.  The cavus is corrected as the foot is abducted by supinating the
forefoot, which elevates the first ray thereby placing the forefoot in
proper alignment with the lundfoot. Since the cavus usually is not a
fixed deformity at birth correction ofien occurs with the first cast.
Correction of severe cavus in a stiff foot will need 2 or 3 cast changes

with the forefoot in forced supination.

2. While the whole foot is held in supination and in flexion, it must be
gently and gradually abducted under the talus secured against rotation
in the ankle mortise by applying counter-pressure with the thumb

against the lateral aspect of the head of the talus, not the calcaneus.



Use gentle, continuous pressure for a few seconds. Repeat one or two

more times when the baby is relaxed. Do not struggle with the baby.

When the foot is abducted, the heel varus will correct as the calcaneus
abducts by rotating under the talus. When the 'caicaneus abducts, it
simultaneously extends and everts owing to the curvature profiles of
the subtalar joint. The calcaneous cannot evert unless it is abducted.
The heel should not be touched.

The improvements obtained by each manipulation are maintained by
immobilizing the foot in a well molded plastér cast for 5 to 7 days.
One or two layers of soft roll are applied over the foot and leg. The
soft roll as well as the plaster cast that follows should be wrapped
snugly over the foot and ankle for better molding and loosely over the
calf and thigh to prevent unnecessary pressure on the muscles. The
toes should be covered by fhe tips of your thumb and index finger to

- prevent crowding the toes. The plaster should extend to below the
knee first. The plaster is molded with gentleness and anatomic
precision. The heel prominence should be emphasized by molding
ardund it instead of pressing on it. The heel should never even rest on
the surgeon’s hand so as not to flatten it. While the foot is held in
abduction and supination, the thumb should never rest for long over
the lateral aspect of the head of the talus to avoid a dent on the plaster
as it sets. The correction is maintained not through pressure but
through molding. At the same time the ankle and malleoli should be
gently molded.

- -~



-

The plaster cast is extended to the upper thigh with the knee at 90
degrees of flexion and the leg in slight external rotation. The plaster
cast over the toes and on the side of the big toe and the little toe

- should be trimmed away to allow all the toes to extend freely.

5. Inthe final manipulation usually done after 4 or § casts the entire foot
is abducted between 50 to 60 degrees under the talus and is no longer
supinated. The foot should never be everted. The navicular moves
laterally away from the medial malleolus to a distance of 1 2 cm. The
lateral aspect of the head of the talus cannot be palpated since it is

covered by the navicular. The heel is in some valgus.

6.  Now the equinus can be corrected by dorsiflexing the foot. The tendo
Achilles may need to be percutaneously sectioned to facilitate this
correction if at least 10 degrees of dorsiflexion cannot be obtained.

Ninety per cent of babies will require a tenotomy.

Tenotomy: One needs a foot holder and a tenotomist. The foot holder grips
the leg below the knee and the midfoot. A generous betadine preop of the
heel and ankle is applied, extending medially and laterally. A small amount

‘of local anesthetic is placed medial to the Achilles tendon. (Do not use a lot

or the tendon is difficult to feel.) Insert the knife (we use a cataract blade)
parallel and beneath (anterior) to the tendon approximately one centimeter
above its insertion into the calcaneus. Turn the sharp edge of the knife to the
tendon and perform the tenotomy. The “release” obtained after a complete

tenotomy is easily felt. Ten to 20 degrees of additional dorsiflexion will be



obtained. Clean skin with alcohol to remove the betadine. Place a small
square of adaptic or zerofoam over the wound. Wrap with sterile soft roll.
Place a well molded plaster cast with the foot in 20 degrees of dorsiflexion

and 70 degrees of abduction (with no eversion). This last cast is worn for
2 Y2 to 3 weeks.

Foot abduction bar: This is critical for the success of the treatment
program. No other device will W;}rk (we have tried). The prescription
should read as follows:
Foot abduction bar with a distance from one shoe heel to the other
equal to the width of the child’s shoulders. The shoes for the involved
foot or feet are externally rotated 70 degrees. The normal foot is
externally rotated 30 degrees. The bar is bent to give approximately
10 degrees of dorsiflexion. A plastizote heel counter should be
glued into the shoe to prevent the foot from slipping out of the
shoe. |
The bar is womn full time except for bathing for two to three months.
It is then worn at night and nap time until the child is 3 to 4 years old.
A line drawn at the tips of the toes helps the parents know when the
foot has slipped backwards and the foot needs to be repositioned in
the shoe.
Suggestions on heiping with compliance:
The importance of the brace must be explained to the parents.
Parents have to teach the baby to kick both feet simultaneously by
holding the bar while playing with the baby. Consistent usage will
make for a compliant child. Intermittent usage will make for a child

that fights the brace. Make sure the feet have sufficient dorsiflexion



at the ankle. If there is not enough dorsiflexion, the feet may pull out
of the shoes.

The children should be followed every 3 to 4 months for the first
couple of years, then every 6 months til age 5 to 7, then annually,

increasing to biannually.

EARLY (FIRST AND SECOND YEAR OF LIFE)
RECURRENCE
Recurrence is almost always due to failure of brace wear. Itis
accompanied by a loss of dorsiflexion, followed by the development

of heel varus and often some adductus. The cavus rarely recurs.

The importance of the brace must be explained to the parents.
Early recognition is important. If the foot is not easily dorsiflexed
or the child is walking on the outside of the foot (even if the foot is

passively correctable), treatment should be instituted.

Treatment consists of 2 to 3 more casts at 1 to 2 week intervals. The
manipulation is the same. If dorsiflexion is limited, the tendo Achilles
tenotomy may be repeated up to one year. (After one year of age an
open TAL (tendo Achilles lengthening) is generally done.) A second

recurrence is treated the same way.

If recurrence is in the second year of life, the child will often need
an anterior tibial tendon transfer. Repeated casting may not fully
correct the foot but will buy time until a TAL and anterior tibial

tendon transfer (ATT) to the third cuneiform can be performed.



LATE RECURRENCE -2 % TO 5 YEARS OLD
Recurrence is extremely rare after 5 years of age. A dynamic
supination may develop at this age. The foot can still be passively
positioned with the heel in valgus, but the child supinates the foot in
swing phase and is on the outside border of the foot in stance phase.
Variable amounts of dorsiflexion/plantarflexion are present. If the
foot easily dorsiflexes 10 degrees, an ATT alone is needed. If less
dorsiflexion is present, a TAL and rarely posterior release are
- required.

Don’t hesitate to recommend ATT in this age group. Long term
follow-up results are as good in patients undergoing ATT as those
who did not need it. If the foot is not passively correctable, serial
casting should be done to get the heel into valgus before the tendon

transfef.



DEFINITIONS OF MOVEMENTS OF THE TARSAL BONES AND
OF THE FOOT

extension
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Figure 1.

Adduction is the movement of a tarsal bone in which the distal part of this

bone moves towards the median body plane

Abduction is the movement in the opposite direction
Flexion is the movement of a tarsal bone in which the distal part of that bone

moves in the plantar direction
Extension is the movement in the opposite direction



Inversion is the movement of a tarsal bone in which the undersurface of the
bone moves towards the median body plane

Eversion is the movement in the opposite direction

Supination is the combined movements of adduction, flexion, and
inversion.

Pronation is the combined movements of abduction, extension and
eversion.

Heel varus results from the movements of inversion and adduction of the
calcaneus

Heel valgus results from movements of eversion and abduction of the
calcaneus.

Forefoot supination is a combined movement of inversion and adduction of
the forepart of the foot

Forefoot pronation is a2 combined movement of eversion and abduction of
the forepart of the foot.

Equinus is an increase of the plantar flexion of the foot.

Cavus is an increase in the height of the vault of the foot.

- FOOT EXAMINATION
In the clubfoot the calcaneus, the navicular and the cuboid are medially
displaced in relation to the talus and are firmly held in adduction and

inversion by very tight ligaments and tendons.

Orthopaedists must know how to identify by palpation the position of the

main bones of the foot in relation to the malleoli. The toes and metatarsals



are grasped with one hand while the malleoli are felt from the front with the

thumb and the index finger of the other hand. (Figure 2)

Figure 2 | Figure 3

The thumb and the index finger slide downwards to feel the head of the
talus. In the clubfoot, the navicular is close or in contact with the medial
malleolus. (Figure 3) The lateral aspect of the head of the talus is palpated
in front of the lateral malleclus. With the hand holding the toes and
metatarsals the foot is abducted resulting in abduction in the navicular. The
resistance of the navicular to be moved away from the medial malleolus so

as to cover the head of the talus correlates with the severity of the deformity.

It is easy to identify by palpation the calcaneo-cuboid joint and assess the
degree of the medial displacement of the cuboid. The severity of the
equinus is also easily assessed by palpation. Although the whole foot is in
extreme supination, the forefoot is pronated in relation to the hind foot and
this causes the cavus, the first metatarsal being in more plantar flexion than

the lateral metatarsals.



Kinematics of The Subtalar Joint
How the manipulation method of Ponseti works

J. Norgrove Penny, MD, FRCS(C)

Principle; The Ponseti Method utilizes the normal kinematics of the subtalar joint to
effect reduction of the clubfoot deformity.

Anatomy

The subtalar joint complex is one of the most complex and least understood joints in the
body. It plays a vital role in adapting ground reaction force during gait to rotation of the
lower limb, and adapting a mobile foot to inclined ground surfaces.

* 3 articular facets: posterior, medial, anterior
* 2 functional components:

o Talo-calcaneal joint — posterior articular facet

o Talo-calcaneo-navicular joint — the “acetabulum pedis”

» The anterior and medial facet function with the talo-navicular joint

* Talo-calcaneal interosseous ligament

o Center of rotation for the subtalar joint

o Consists of 2 bands

“Acetabulum Pedis”

v+ Interosseous Ligament s : T
:;';:i?i’::i!::?;;ﬂh!
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The Posterior articular facet is obligue in the coronal plane and saddle shaped in the
saggital plane.

Kinematics
Functionally, ail the bones of the foot move as a unit around the talus. There is very little
intertarsal motion . (Inman 1976)



The foot moves around the two functional entities of the subtalar joint — the talo-
calcaneal articulation and the talo-calcaneo-navicular “acetabulum pedis”, with the
interosseous ligament as the center of rotation.

Clinical relevance: Abduction of the forefoot during Ponseti manipulation causes
abduction of the calcaneus. The entire foot, including the calcaneus, moves around the
tajus.

The subtalar axis is not a fixed point, but a mobile axis allowing shift and glide around
the constraint mechanism of the interosseous ligaments. (Husen, Van Langelann)
Inman resolved this mobile axis axis to the oblique plane

The motion of the subtalar joint in this oblique plane is supination and pronation.
Supination consists of the kinematically coupled motions of adduction, inversion and
flexion.

Pronation consists of the kinematically coupled motions of abduction, eversion and
extension (dorsiflexion)

Normal subtalar motion:

K NP

Subtalar Supination Subtalar Pronation
e Adduction * Abduction
* Inversion * Eversion
* Flexion » Extension (dorsifiexion)
* Heel Varus * Heel Valgus




Kinematic coupling

It is usual for orthopaedic surgeons to analyze joint motions in reference to the standard
planes of the body: coronal, saggital, etc. Thus we have adduction/abduction,
inversion/eversion and flexion/extension of the foot. But when a joint is in the oblique
plane, as with the subtalar joint, all these motions are inextricably linked to one another,
or “kinematically coupled™. Thus abduction of the calcaneus cannot happen without
concurrent eversion and extension. Ponseti’s technique allows correction by

simultaneously correcting the movements in the oblique plain, utilizing abduction as the
motor.

The Ponseti technique is at once simple and profound. The forefoot is abducted around
the talus, with counterpressure against the head of the talus, simultaneously obtaining
abduction, eversion and extension of the foot, and valgus of the heel.

Manter likened kinematically coupled subtalar motion to the helicoid motion of a screw.
Farabeuf likened it to the simultaneous pitch, yaw and roll of a ship on the sea.

The mistake of Kite’s technique, and other similar methods, is in attempting to correct the
foot sequentially, breaking down combined movements into their component parts.
Grasping the calcaneus blocks it’s normal kinematically coupled motion. Correction can
then only occur by deformation of the tarsal bones.

Maximum Abduction:

An infant’s foot normally abducts 70°-80°. A clubfoot is not adequately corrected until
foll abduction is obtained. Calcaneal extension (dorsiflexion) occurs mainly during
extreme abduction.

Correcting the foot to neutral, or functional, position is not adequate to accomplish all the
kinematically coupled motions and relapse is inevitable.

Maximum Abduoction:
- Obtains full range of motion of the subtalar
joint
Reduces the navicular on the head of the
talus
Obtains full eversion and pronation
Obtains dorsiflexion of the calcaneus
Results in heel valgus

R

Normal abduction in a baby
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The Ponseti Method of Clubfoof care:
A vision for the developing world

Prepared by: Dr. J. Norgrove Penny, MD, FRCS(C)

Project Team Members: Dr. Shafique Pirani, MD, FRCS(C)
Dr. Jose Morcuende, MD
Dr. Edwards Schwentker, MD

The Problem: The neglected clubfoot deformity worldwide. 100,000 newborns annually with
the clubfoot deformity, 80% in the developing world, most with little or no access to orthopaedic
care

The Solution: Implementation of an inexpensive, effective, low technology system of treatment
(The Ponseti Method) on a country-wide basis

The Field Trial: The Uganda Clubfoot Project

The Vision: Introdﬁction of the' Ponseti method into every country in the developing world as
part of their national preventative/public health strategy

THE PROBLEM OF THE NEGLECTED CLUBFOOT:

Any orthopaedic surgeon volunteer to the developing world cannot but be struck by the large
numbers of cases of neglected clubfoot deformity presenting to outreach clinics. Why sc many
cases? Is the incidence greater, or is it the prevalence? The worldwide incidence is thought to be
approximately 1in 1000 live births per year, occurring in both girls and boys, In some
populations the studied incidence is higher (Malawi: 1 in 500 births) More likely, we are seeing a
prevalence effect. Uganda & Malawi, typical of most sub-saharan African countries, have among
the highest birth rates in the World with together an estimated 1.5 million births a year.
Therefore, 1500 to 3000 of these infants will have clubfeet. Because of poverty and inadequate
resources, few cases are treated and so the cunmulative numbers of clubfoot disabled children
ETOWS, ‘

Regardless, the clubfoot deformity is the most common congenital cause of locomotor disability
in the developing world, yet is eminently treatable,

The management of clubfoot has traditionally been a trial of manipulation & casting by the
method of Kite, or modifications, with surgical release for resistant cases. Typically, only 5-10%
of clubfeet respond satisfactorily to Kite’s method, with the remainder coming to surgery, if
sufficient surgical resources are available. In poorer countries, the majority of infants born with
clubfeet receive no attention and remain neglected. Moreover, for those who are identified and
receive some medical attention, surgical resources are unattainable. For example, in Uganda in
2002, there were less than 12 orthopaedic surgeons for a population approaching 25 million
people, and most of their efforts were directed towards coping with large numbers of trauma
cases.

With the limited number of surgeons and hospital resources in developing countries, the majority
of clubfeet in developing countries have remained inadequately treated or neglected.

Neglected clubfeet can have a dramatic effect on quality of life, particularly in developing
countries where effective treatment is seldom available and rehabilitation for people with
disabilities is limited. Physical impairment results in decreased amibulation and the inability to



perform basic tasks such as obtaining food and water. Disability leads to dependency in activities
of daily living with significant economic impact on both the family and the village. Furthermore,
the visible physical and functional differences in individuals with clubfoot are associated with
considerable social stigma. Children with locomotor disability are less likely to be able to access
education. Girl children are vulnerable to social, physical and sexual abuse, and are even less
likely to achieve education than boys with the disability.

As a non-invasive technique for the management of congenital clubfoot, the Ponseti method has
been proven in the developed world to be a superior method of correcting clubfoot deformity and
avoids major surgical intervention. With this method, a long term stady by Cooper and Diez
reported 78% good & excellent resulfs at a minimum follow-up of 25 years.

The Uganda Clubfoot Project — implementing the Ponseti Method on a country-wide scale.

For six years, between 1996 and 2002, I lived and worked in Uganda, helping establish a
children’s orthopaedic surgery and rehabilitation program for the roral communities which was
called the “Children’s Orthopaedic Rehabilitation Project (CORP)”. One quarter of all surgical
cases were focused on the neglected clubfoot deformity, and this effort was not making a
significant impact on the prevalence. In 1998 I began a collaboratior with Dr. Shafique Pirani, a
fellow Canadian paediatric orthopaedic surgeon with an interest in clubfeet. We realized that a
strategic public health type of approach was needed to encourage early awareness and freatment
by conservative methods. In 1999, we established a Rotary funded, Ponseti treatment program for
clubfoot in collaboration with the Disability Section of the Minisiry of Health, the Dept of
Orthopaedics at Makerere University, & CORP. This was called “The Uganda Clubfoot Project”
(UCP). After an initial 2 year field trial which showed remarkable success, an early intervention
and Ponseti method program was incorporated into the official primary health policy of the
Minisﬂy of Health in Uganda, the first such national policy that we are aware of.

The hallmarks of the program constituted: ‘ '

* A national strategic plan incorporating all levels of health care in the country, from rural
dispensaries, through regional clinics and hospitals, through to the nattonal tertiary
referral orthopaedic center.

* A Community and public awareness program using posters

» Sensitization of maternity units and traditional birth attendants and estabhshment of
referral pathways for casting

* Training of trainers in the Ponseti method in the main referral center

* Training of orthopaedic officers in every administrative district (53) in the Ponseti
method

*  Training of medical officers (primary care physicians) in tenotomy technique

¢+ Development and distribution of a locally made inexpensive abduction-foot-orthoses

Rural health care workers, including midwives and traditional birth attendants, coming into
regular contact with mothers and infants were sensitized as to how to diagnose a clubfoot and
refer infants with this deformity to local orthopedic officers, who in turn were trained to treat
these patients by the method of Ponseti. A key to the program were orthopaedic officers,
paramedical personnel assigned to all district and regional hospitals, who perform a valuable role
in basic fracture care in countries where physicians are in short supply. Over 4 years in Uganda,
more than 100 orthopaedic officers and physiotherapists were trained, blanketing the country with
skilled personnel. '



Taking a cue from effective workshop training programs such as the AQ course and ATLS
course, a didactic training syllabus and manual was developed. This allowed standardization of
training. Training sessions typically involved one full day of classroom work utilizing the manual
and the Ponseti teaching models, and a half day live casting clinic during which each trainee put
on at least 2 casts. Typically 6-10 students were trained in each session. The clubfoot clinic at the
national teaching hospital, Mulago Hospital, was a major resource since up to 40 babies with
clubfoot deformity were treated weekly, providing a large and concentrated experience. A
considerable portion of the curriculum focused on the Pirani-Columbian foot scoring method
since it was felt that standardization was crucial, and the timing of tenotomy could be accurately
predicted.

An appropriate technology Foot Abduction Brace (FAB) was necessary to complete the Ponseti
program since the Iowa experience suggests that the risk of recurrence of deformity is 90% if the
brace is not used, compared to 10% with proper brace use. The brace used in North America
(available from Markell, USA) is too costly ($US 200) to be used extensively in developing
countries. A brace was developed in Uganda (SFAB: the Steenbeek Foot Abduction Brace-$US
12) made from locally available materials and technology, and distributed “off the shelf” to
working locations. A manufacturing template was developed such that any basic workshop, or an
artisan anywhere with basic materials, could produce an effective orthoses.

Local anaesthetic tenotomy procedure was taught to general medial officers (physicians) and
implemented by them once the orthopaedic officer felt the foot was ready on the basis of the
Pirani-Columbian foot score.

Pilot Study of the Ponseti Method in Uganda

From Nov 1999 — Oct 2002, a pilot study was performed primarily at the Mulago Hospital
Clubfoot Clinic by the Dept of Orthopaedics & CORP, looking specifically at the rate of
correctiont of deformity. :

* 236 clubfeet in 155 consecutive patients aged 9 months or less at start of freatment were
treated by 8 trained orthopaedic officers. '

118 infants with 182 clubfeet completed corrective phase of treatment.

176/182 clubfeet (96.7%) corrected with the Ponseti Method.

6/182 clubfeet did not correct & were referred for surgery.

37 infants (23.4%) with 54 clubfeet (22.9%) did not complete the corrective phase of
treatment.

The results were presented at the 2003 POSNA meeting in Florida.

The pilot data suggested that the rate of correction of deformity in the hands of orthopaedic
officers was over 90% in those infants who completed manipulation, casting and tenotomy. This
rate far exceeds the rate of success of previous treatment by the method of Kite in these
mstitutions, giving children a better functioning foot while reducing pressure on the hospital
surgical resources,

Despite the physical and social benefits of the early intervention program, the pilot study
showed that almost 25% of children did not complete the initial course of treatment. As a fourth
phase to the project, in 2004, we will be examining the social, cultural and logistical factors
associated with non-compliance in an effort to understand factors common to poor and
underdeveloped societies.



Other Africa Initiatives

As the Uganda Clubfoot Project gained international attention as a pioneer national effort to
combat neglected clubfoot deformity, other Affican countries became involved. A pilot project
was undertaken in Malawi in 2000 at the national referral hospital in Blantyre. After one year of
experience using the technique, surgical referral rates dropped by almost 90%. In 2002 a national
training scheme, similar to Uganda’s, was introduced.

Other more limited training projects have been undertaken in Tanzama, Zambia, Rwanda and
Congo.

Lessons learned from the Africa experience with the Ponseti method: ‘
¢  The method can be made to be effective in the context of the impoverished developing
world situation

¢ The method can be taught to non»—specmhsts or paramedical personnel

* A standardized didactic teaching method is effective

*  Hands-on experience with the Ponseti foot models is crucial to the understandmg of the
technique

» Including the Pirani-Columbian foot score brought a level of standardization and refined
timing of tenotomy

*  Simple foot orthoses can be manufactured using local materials, and are effective.

*  The “African clubfoot”, often thought to be a more resistant clubfoot deformity, corrects

- inprecisely the same manner and in the same time as the non-african clubfoot.

* Treatment does not have to start at birth to be effective. We routinely salvaged feet
presenting for the first time up to one year of age, and occasionally in the second year.

International initiatives

The successes of the Ponseti projects in Africa spurred the concept of a global initiative to
introduce the Ponseti method into all needy developing countries.
Preliminary discussions have taken place with the World Health Organization to explore their
collaboration.
Projects are currently developing in Brazil, 3 states in India, Cambocha, and several Ccntral
American countries.
The concept of an International Clubfoot Project, patterned on the Uganda Clubfoot Pro_;ect, has
been endorsed by:

<+«  The “Bone and Joint Decade”

* The Pediatric Society of North America (POSNA)

* The Canadian Orthopaedic Association (COA)
A preliminary plan is underway to gain the endorsement of all the international Pediatric
Orthopaedic Societies at the combined meeting in Salvador, Brazil, in 2004,
It is understood that every region, or country, will have specific cultural, logistical and socio-
economic factors which will require adaptation and modification of the implementation methods
while, at the same time, keeping true to the findamentals of the Ponseti method. India, for
example, has a large and highly skilled professional workforce with respect to Aftica, with
sophisticated private medical resources, yet has a large unreached impoverished sector of their
society. -



Qur Vision:

A global initiative o erradicate the problem of the neglected clubfoot worldwide,
specifically in poorer developing nations, by introducing broad-based training in the
Ponseti method. This initiative would be under the umbrella of the World Health
Organization and be incorporated into the preventive public health programs of all
developing nations. There would be endorsement, academic and logistical support from
mamerous partaers, including professional orthopaedic societies and the Bone & Joint
Decade.

That, by the end of the Bone and Joint Decade, every country would have developed and ’
initiated a strategic plan to eliminate the congenital clubfoot deformity as a source of
chronic disability amongst it’s children.

That skilled national professionals in each country be empowered to strategize and
implement their national plan, with assistance, support and collaboration from the
international partuers.

The role of orthopaedic surgeons in the developed world:

Catch the vision of eliminating the clubfoot disability worldwide
Volunteer your skills and training potential to poorer countries
Collaborate on developing clubfoot projects where you visit
Empower national colleagues to develop projects

Be a bridge of logistical support and encouragement

Cooperate on a standardized approach internationally



A Method Of C!ubfoot Evalu_aﬁon

Shafique Pirani, Associate Professar University of British Columbiza,
H. Kerry Quterbridge, Associate Professor University of Queensiand
Keith Stothers, Bonnie Sawatsky & Michae! Moran

The Clubfoot Clinic of The Royal Columbian Hospital, Universfty of British Columbia
#463 4-South, 330 East Columbia Strest, New Westminster, B.C., Canada V3L 3W7

A Abstract

This paper outlines a method of virgin clubfoct assessment using 6 well described
simple clinical signs. We have tested its reliability and found it to be substantial to almost
perfect. When used during serial casting it charts whether deformity correction is contin-
uing or has plateaued, and indicates the area of residual contracture for surgical release.

-
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B.  Background -

Although numerous well described signs differentiate between the mild and
severe virgin clubfoot deformity such as a deep medial crease, there is neither consen-
sus nor reliability in current methods of clubfoot assessment

“A untversally accepted method of classification of the severity is lacking...”

R.J.Cummings & Wood W. Lovell, Opétaﬂve Treatment of Congenital Idlopathic
Ciub Foot, Current Concapts Review, J.B.J.5. TOA 1108, 1988.

“ The Itterature on clubfeet is inadequate because a common method language for
assessing the deformity is lacking . . .~

A.J.Catterall, A Method of Assesament of The Clubfoot Deformity. C.O.R.R: 264, p
48-53, 1991,

“It is now recognized that one of our major endeavors for the next few years must
be to establish a common set of criteria for the evaluation of the unoperated
CTEV”

George Sirﬁons. The Ciubioot - The Prasaent and a View tg the Future. 1994.



C. General Principles

This evaluation method is based on & well described clinical signs of contractura
characterizing a severe clubfoot. Each sign on the abnormal foot is compared ta the
same area on the normal foot (if the deformity is not bilateral). Each sign is scored
according to the principle:

0. if there is no abnormiality,
0.5 ...if there is a moderate abnormality,
1 if there is severe abnormality (Fig. 1)

Curvature of the lateral border of the
clubfoot is ane indicator of the saveri-
ty of the deformity. This illustrates the
principle of our method of scoring.

0 = No Abnormaiity
0.5 = Maderata Abnormaifty
1 = Severe Abnormality

[ Figure 1 ‘ ]

These 6 signs are divided by area of involvement into 2 groups of 3 signs.

1. Posterior contracture (Hindfoot contracture)
- Posterior Crease (PC)
- - Empty Heel : (EH)
- Rigid Equinus (RE)
2. Medial contracture (Midfoot contracture)
- Curvature of Lateral Border of Foot (CLB)
- Medial Crease (MC)

- Lateral part of the Head of the Talus (LHT)

Hence, each foot can receive:

- a HMindfoot contracture score (HFCS) between 0 and 3
- a Midfoot contracture score (MFCS) between 0 and 3
- a Total Score (TS) between 0 and 6

A higher score indicates a more severe deformity




The virgin clubfoot may be “scored” using this method at each clinic visit during
maniputation and cast resatment and “the score” plotted against time (age in weeks).

This shows the response of the deformity to manipulation and cast treatment, and can

also indicate arsas of persisting contracture that may need to be addrassed surgically,

O. Technigue of Examination

This technique is used at The Raoyal Columbian Hospital Clubfaot Clinic. We find
the information it gives us mast useful if performed regularty at every weekly clinic visit
prior to casting the clubfoot during the first 3-4 months of life. The infant is positioned
supine at the end of the examination table. The examiner is seated. A feeding relaxed
infant allows for a more precise examination.

ihe Si

i) The Curvature of the Lateral Border of the foot (CLB). (Fig. 2 a-¢)

p
Scarpa drew attention to the curvature of the lateral border of the clubfoot as one
indicator of the severity of the deformity.

“...A line draum from the posterior projection of the os calcis where the tendo
achilles is inserted, by the outer side of the foot, forms a very wide semicircle....”

He aiso noted that angulation of the lateral border of the foot at the level of the
calcaneocuboid joint indicated medial calcaneacuboid subluxation.

“...At the place where the cuboid is in contact with the anterior tuberosity of the

os calcis it makes an angle obtuse externally....leaves uncovered on the outer mar -

gin of the foot, a portion of the articular surface of the anterior tuberosity of the os

calcis....contributes very much to give to the whole foot the semicircular shape
- from below the external malleolus forwards as far as the little toe.”

A Memeoir on the Cangenital Clubfeet of Childran, and of the Mode of Correcting
That Deformity. Antonio Scarpa. Archibald Constable and Co. Edinburgh. 1818,

{a



Look at the plantar surface of the fcot and gauge the curvature of the
iateral border. Normally the lateral border of the foot is straight fram
the heei 10 the head of the Sth metatarsal. A straight 2dge placed
glong the lateral border of the hindfoot may assist in the estimarion of
the curvature. (Fig. 2a) A straight lateral sorder of the icot is given
3 score ¢f O,

in the abnormal foot the |ateral border of the forefoot moves away from
the straight edge. A mildly curved lateral border is scored 0.5 (The
curvature appears o be in the distal part of the foot in the area of the
metatarsals). (Fig. 2b)

A pronounced curvature of the laterai border is given a score of 1.
(The curvature appears to be at the level of the calcaneocuboid
joint.) (Flg. 2¢)




i)

The Medial Crease of the foot (MC). (Fig. 3a-c}

Look at the medial arch of the foot with the foat in the sesition of maxi-
mum correction.  Normally one sees multiple fine creases that do not
change the contour of the arch and the MC sign is scored 0. (Fig. 3a)

{ Figure 3a | ' ' .

in the abnormal foot there are one or two deep creases. If these deep
creases do not appreciably change the contour of the arch, the
Medial Crease sign is scored as a 0.5. (Flg..3b)

If these deep creases: appreciably ph_ange the contour of the
arch, the Medial Crease sign is scored as a 1. {Flg. 3¢)

[ Figure 3c |

851



it} The Posterior Crease of the ankle (PC). (Fig. 4a-c)

&3

Loogk at the back of the heel with the foot in the position of
maximum correction. Normally one sees muitiple fine creases
that de nat change the cantaur of the heel. They allow the skin
o adjust and straich as the ankle dorsiflexes. [n this case the
Pastericr Crease sign is scored as O, (Flg. 4a)

In the abnormal foot there are ane or two deep creases. If thess
1] deep creases do not appreciably change the contour of the heel,
the Posterior Crease sign is scored as 0.5. (Fig. 4b)’

[ Figuredb |

if these deep Creases appreciably change the contour of the
heel, the Pasterior Crease sign is scored as 1. {Flg. 4¢)




iV.) The Lateral part of the Head of the Talus (LHT).

Coieman, has drawn attention to the bony prominences and depressions palpa-
hie on a normal child's foot. (Fig. 5a)

. On the lateral side, the most important
topographic feature is the depression in the
sinus tarsi, created by the normal diver -
gence of the talus and the calcaneus . . ."°
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lLea & Feblger, 1983
{ Figure 5b |

His text also shows a picture of the salient pathologic findings in a dissection of a
congenital clubfoot in a newbormn, especially the medially subluxed navicular, resulting in
uncovering of the lateral part of the head of the talus. (Flg. 5b)
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‘ Scarpa, in his description of equinovarus congenita in 1818, racognized 2z promi-
nence of the lateral panr of the head of the talus as a sign of the medial talo-navicular
supiuxation descrived apove. (Fig. 5¢)

‘.. .The smooth ardcular head of the astralagus ceing no ionger
included and covered by the cavity of the ¢s naviculars ...
forms with that part of it which remains uncoveared, an unusual
grominerice on the upper part of the foot . . " " . . this promi-
nance does not depend on the wrong position of the asiralagus,
but on the maorbid rotation of the naviculare round its smaller
axis, leaving the articular head of the astralagus denuded. °

... When we endeavor, with our hands, fo twm gently the point
of the foot from within outwards, the orominence on the upper
part of the oot disappears entirely or in great measure, nat
because the articular head of the astralagus.is restored to its sit-
uation, but because the naviculare is brought back to cover the
articular head of the astralagus . . .

Antonlo Scarpa. A Memolr on the Congenital Clubteet of Chlidren, and. of the Mode of
Correcting That Deformity. Archibald Constable and Co. Edinburgh. 1818

Figure 5¢

| Figure 5d

[ Figure Se . <\

the deformity.

Hold the foot deformed and palpate the lateral part of the head of the ta}us.@e foot,
(Fig. 5d,a8) Note if the navicular reduces onto the head of the talus. The LHT $igiis scored
0 if there is complete reduction of the navicular onto the head of the talus as indicated by loss
ot the ability to palpate the lateral adge of the head of the talus in the sinus tarsi. The LHT sign
is scored 0.5 if there is partial reduction of the navicular onto the head of the talus as indicated
by reduction of the ability.to pai@‘he lateral edge of the head of the talus i}:(the sinus tarst,)
The LHT sign is scared 1 if there is fixed medial subluxation of the navicular as characterized
by an easily palpable talar head, even with the forefcot in as much correction as is allowed by
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W) The Emptiness of the Heel (EH). (Fig. 6a,b)

[ Figure 6a ]

The oot is placed in the maximal corracted position, and the axam-
ining linger is olaced on the cormer of the heel. Gentle pressure is
applied with the finger. Normally the tuberosity of the calcansus is
immaediately palpabie and the ENS is scored 0. (Flg. 6a)

- PO

The EHS sign is scored 0.5 when the heel pad
feels somewhat empty to the examining digit.-
The tuberosity however, remains paipable deep
within the heel pad.

. The EHS sign is scored. 1 when the heel pad
feels empty to the examining digit. No bony
prominences can- be appreciated within the heel

pad. (Fig. 6b)
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vi.)

Move the ankle joint to gauge the Rigidity of Equinus (RE). (Fig. 7a-¢)

Figure 7a

The RE sign is scored O when the ankle dorsiflexes fully (the
carsum of the foot almost touches the front of the shir.)
(Flg. 7a)

Figure 76 ]

'ﬁ1e RE sign is scored 0.5 when the ankie darsiflexion is not
full but sutficient to allo e lateral border of the foot to make

the leg as viewed from the lateral side. (Fig. 7b)

ith respect to the long axis of -

- Figure 7¢ 1

The RE sign is scored 1 when the ankle dorsiflexion is severe-
ty limited and the latera} border of the foot makes an angle of
greater than 90 degrees with respect to the long axis of the leg
as viewed fram the lateral side. (Flg. 7¢)
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E. Recording the Information

We have developed a form that records and displays the pertinent history and
physical examination features during the first few months of life. (See attached)

F. Statistical Analysis

A consecutive series of 100 clubfeet in 70 infants, aged 0-9 weeks at start of
sarial casting at our clinic, had their feet evaluated at weekly intervals by 3 indepen-
dent & blinded observers. The observers were 2 fellowship trained paediatric
orthopaedic surgeons and sither a resident or a physiotherapist. There wers 2080
patient encounters and 12,480 individual data points. Each foot received a Total Score
(TS), Hind Foot Contracture Score (HFCS) and Mid Foot Contracture Score
(MFCS) by each observer at every clinic visit. . '

All scores were recorded on an excel spreadsheet, and analyzed for the Kappa
Statistic. This measures the pairwise agreement between observers.

Kappa statistic interpretation (Inter-observer reliability)

. if K=0.21-0.40 Reliability is Fair
if K=0.41-0.80 Reliability is Moderate
if K=0.61-0.80 Reliability is Substantial
if K=0.81-1.00 Reliability is Almost Perfect

For this method of evaluation of the vifgin' clubfoot pairwise agreement between

observars was;

Vol
PG
CLB
EH
LHT
RE

T8
MFCS
HFCS

Q.76
0.74"
0.84
0.78
0.74
0.87

0.92 (Weighted Kappa)
0.91 (Weighted Kappa)
0.86 (Weighted Kappa)



aG. interpretation of Scores

We used the attached Virgin Clubfoot Assessment Record o document our
findings, as well as the Total Score, Hind Foot & Mid Foot Contracture Scores.
Scores for individual feet are plotted against time. We have found 3 patterns of respansa
to manipulation and cast treatment.

- Persistence of HFC and MFC.

Pattern 1
| PerssEmCS oF Hre & we I -
\m In Patten 1, the TS remains high, as

“ —— does the HFCS and the MFCS. In this

w . group we normally perform an extended
R o posteromedial release.
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Pattern 2 - Persistence of HFC only.
[mwmmr ! ‘
“ “\ In Pattern 2, the TS improves, as does
" frovase | - the MFCS. The HFCS remains high. In
. S— \’\ - this group we normally perform a percu-
: I N - taneous tenotomy of the tendo achilles
H \ | | under local anaesthesia.
£ : _ .
: _ = AN
Pattern 3 - Correction of HFC and MFC.

Lcomcmno:m:mm: 1

in Pattern 3, all scores improve. In this
group we normally do not perform
surgery and the foot is braced.




- .cVIFt’GIN CLUBFOOT ASSESSMENT RECORD
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1. DEM PHIC

Name: Sex: F
Address: Bo8:

MRN:
Postal Coda: Telephaone:
PHN:
Parent Names: Qccupation: Wk. telephona:
Famlilty Doctory: F;aedlatr!clan: QOrtho Si:i’geon:

2 HISTORY

Pregnancy:

Dellvery=

Post Dellvery=

Family: History:

Treatmaent. to: Date:

3. EXAMINATION

General:

Orthopaedic: - Spine

- Hips.

- Upper aextremities

- Lower extramities
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