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Long-Term Results of Treatment of

Congenital Club Foot*

BY STERLING J. LAAVEG, M.D., AND IGNACIO V. PONSETI, M.D.t,

IOWA CITY, IOWA

From the Department of Orthopaedic Surgery. University of Iowa Hospitals, Iowa City

ABSTRACT: In seventy patients with 104 club feet

that were treated at our hospital and followed for ten to

twenty-seven years after treatment, the functional re-

suits 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 majority 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-

tenor tibial tendon 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 anatomically and func-

tionally normal feet in all patients, but this is not realistic

because in many club feet the deformities of the bones,

joints, and ligaments of the foot and ankle are too severe to

be fully 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 �

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 (I. 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.
t Department of Orthopaedic Surgery, University of Iowa Hospi-

tals, Iowa City, Iowa 52242.

longer tried to attain a perfect anatomical result, few soft-

tissue releases were done.
In 1975, Bj#{246}nness 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 examination, 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 range of ten to

twenty-seven years. The occupations of the returning pa-

tients were: forty-one students, eighteen manual laborers,

and eleven white-collar workers.

Our treatment for club foot, which has been outlined

previously’8�9, 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-to-groin plaster cast. We attempt to correct the defor-

mity by abducting the foot distal to the talus while avoid-

ing forced pronation. The fore part of a club foot is some-



Satisfaction (20 points)

I am
a) very satisfied with the end result
b) satisfied with the end result

c) neither satisfied nor unsatisfied
with the end result

d) unsatisfied with the end resulte)very unsatisfied with the end result

Function (20 points)
In my daily living, my club foot

a) does not limit my activities
b) occasionally limits my strenuous

activities
c) usually limits me in strenuous

activities

d) limits me occasionally in routine

activities

e) limits me in walking

Pain (30 points)

My club foot
a) is never painful
b) occasionally causes mild pain

during strenuous activities

c) usually is painful after strenuous

activities only
d) is occasionally painful during

routine activities

e) is painful during walking

Position of heel when standing

( 10 points)

Heel varus, 0#{176}or some heel valgus

Heel varus, 1-5#{176}

Heel varus, 6-10#{176}
Heel varus, greater than 10#{176}

Passive motion (10 points)
Dorsiflexion

Total varus-valgus motion of heel

Total anterior inversion-eversion
of foot

Gait (10 points)

Normal

Can toe-walk

Can heel-walk
Limp

No heel-strike

Abnormal toe-off

20
16

12
8

4

20

16

12

8

4

30

24

18

12

6

10

5
3
0

I point per 5#{176}(up to 5 points)

I point per 10#{176}(up to 3 points)

1 point per 25#{176}(up to 2 points)

6
2
2

-2

-2
-2
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what everted with respect to the back of the foot, and this

relationship causes the cavus deformity’9 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 tuberosity 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 ligament. The foot is re-

manipulated and a new cast is applied at approximately

weekly intervals. To prevent recurrence of the cavus de-
formity, the anterior part of the foot is never everted while

the foot is severely abducted. Before application of the last

cast, if the equinus deformity remains uncorrected the

tendo achillis is lengthened percutaneously using local

anesthesia. The last plaster cast is worn for three to four

weeks, and then the patient wears a modified Denis

Browne bar#{176}with the shoes attached in about 70 degrees

of external rotation. The bar ranges in length from twenty

to thirty centimeters, according to the size of the child.

Except when it is removed daily for bathing, the bar is

worn constantly for approximately three months. Then it is

removed during the day for gradually increasing periods of

time for approximately five months. Finally, the child

wears the bar at night only for two to six years. The first

relapse is usually treated by manipulation and the applica-

tion of two to four toe-to-groin 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 this

muscle is thought to have a strong supinatory action”9.

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 subcutaneously with local

anesthesia before the application of the last cast); forty-

eight, with a transfer of the anterior tibial tendon to the

third cuneiform bone without changing the position of the

tendon underneath the ankle retinaculum except to provide

a straight line of pull 19; and one was treated with a transfer

of the posterior tibial tendon to the dorsum of the foot

through the interosseous 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 longus tendon to the neck of the first
metatarsal (ten feet), plantar fasciotomy (six feet), pos-

teromedial 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-

tenor 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 I

FUNCTIONAL RATING SYSTEM FOR CLUB FooT

Category Points

of treatment was 6.9 weeks (standard deviation, 6.0

weeks); the mean number of casts used during their initial

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 49.5

months (standard deviation, 26.4 months).

Each patient in the study filled out a questionnaire

that provided information relative to his or her level of ac-

tivity (including participation in sports), foot pain, prob-

lems with shoes, appearance of the foot, and satisfaction

with the final result.

All seventy patients had au orthopaedic and neurolog-

ical examination in which the strength of the muscles of
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TABLE II

MoTIoN OF THE ANKLE AND FOOT IN TwENTY-EIGHT NORMAL FEET AND ONE HUNDRED AND FOUR TREATED CLUB FEET

Group

Ankle Dorsiflexion
Varus-Valgus

Motion of the Heel
Inversion-Eversion of

Fore Part of Foot

Mean Standard Deviation Signiticance* Mean Standard Deviation Significance* Mean Standard Deviation Signiticance
(Degrees) (Degrees) (Degrees) (Degrees) (Degrees) (Degrees)

Normal feet (28 feet) 3 1 9 39 7 65 10

Club feet

AIl(l04feet) 13 8.7 26.8 8.5 52.1 15.8

Treated with plaster

castsonlyl3feet) 15.7 10.0 � 30.8 5.7 � 60.0 13.5

Treated with plaster
casts and tendo achillis
lengthening (42 feet) 16.1 9.3 . 0.0096 30.1 7.0 � 0.0002 51.1 14.6 . 0.0002

Treated with anterior
tibial tendon transfer
(48 feet) 9.4 6.4 22.9 8.7 ) 45.4 15.1

. The differences between 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 heel during stance, and gait (Table I).

Anteroposterior and lateral roentgenograms of the

feet were made with the patient standing. The anteropos-

tenor roentgenograms were made with the x-ray beam di-

rected posteriorly at an angle of 25 degrees with the long

axis of the tibia in the sagittal plane. On the anteropos-

tenor roentgenograms we measured the angle between the

longitudinal axes of the talus and calcaneus (the anteropos-

tenor talocalcaneal angle) and the angle between the Ion-

gitudinal axes of the calcaneus and fifth metatarsal, ac-

cording to the method of Beatson and Pearson. Using the

same method on the lateral roentgenograms, we measured

the angle between the longitudinal axes of the talus and

calcaneus (the lateral talocalcaneal 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 navicular

and any flattening 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

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 results. We also analyzed each of the clinical and

roentgenographic 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

response to the questionnaire were each correlated with the

following: the patient’s ages at follow-up and initial 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, anteroposterior and lateral talocalcaneal angles,

and talocalcaneal index. Significant correlations were

identified by the T test at a 0.05 level of significance.

Results

In all 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 club 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 whose 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-



FIG. 1-B
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FIG. 1-A

Bilateral club-foot deformity in a male infant who was treated with six
plaster casts for six weeks. The patient then wore a Denis Browne bar on
his shoes for five years. A mild recurrence of the deformity occurred
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 recurred again in the right foot. This was treated
by transfer of the anterior tibial tendon to 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 1 1 .7 points and a

range of 50 to 100 points. The mean ratings for the feet in

the three 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, 1 1 . 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 results 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 that

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 had

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 normal 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 normal limbs

were compared with those of the limbs with club foot

(Table II). The mean amounts of dorsiflexion of the ankle,

varus-valgus motion of the heel, 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

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



Motion and Position when Standing No.

Functional Rating

Mean

(Degrees)
Standard Deviation

(Degrees)
Significance*

Ankle dorsitlexion

5#{176}orless 35 81 11

fito 15#{176} 34 87 11 0.0001

Greaterthan 15#{176} 35 93 11

Varus-valgus motion of heel

32#{176}or less

Greater than 32#{176}

76

28

85

93

12 1�
9

0.00 13

Inversion-eversion of fore part of foot

55#{176}or less

Greater than 55#{176}

73

31

84
94

12 1�
7 J 0001.

Position of heel when standing

Varus

Neutral or valgus

28

76

82

89

8 l�
12 J

0.0286

Metatarsus adductus when standing

Greater than 5#{176}

50 or less

7

97

78

88

12 �

1 1
0.0336

standing was 1 degree of valgus deviation, and there was

no significant difference between the treatment groups.

The mean metatarsus adductus while standing was 2.8

degrees.

FIG. 1-C

On anteroposterior roentgenograms made when the patient was eigh-teenyears old, the talocalcaneal angle is 12 degrees in both feet, the
angle between the calcaneus and the fifth metatarsal is I degree in the
right foot and - 12 degrees in the left one, and the angle between the
talus and the first metatarsal is zero degrees in both feet. The navicular is
medially displaced and wedge-shaped and the cuneiforms are angulated
laterally bilaterally.
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TABLE III

FUNCTIONAL RATINGS RELATED TO RANGE OF MOTION AND POSITION WHEN STANDING IN ONE HUNDRED AND FOUR CLUB FEET

a There were significant differences between subgroups for motion and standing position as determined by the F test at the 0.05 level.

The patients could walk on the toes of all of their 104

club feet and on the heels of seventy-nine (twenty-five, or

24 per cent, of the club feet did not permit heel-walking).

Ninety-four (90 per cent) of the feet showed no pes cavus

FIG. l-D

On lateral roentgenograms, the talocalcaneal angle is 15 degrees in the
right foot and 19 degrees in the left, and the talocalcaneal index is 27
degrees in the right foot and 31 degrees in the left. The body of the talus
is small, the subtalar joints are distorted, and the navicular is wedge-
shaped bilaterally.
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TABLE

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

Group

Anteroposterior Talocalcaneal Angle Lateral Tal ocalcaneal Angle

Mean Standard Deviation Mean Standard Deviation

(Degrees) (Degrees) (Degrees) (Degrees)

Normal feet (28 feet) 20 6 33 7

Club feet

All ( 104 feet) 14.5 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 transfer*

(48 feet) 15.1 8.3 19.7 5.9

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

deformity, while ten had a mild cavus deformity. None of

the seventy patients limped.

The functional ratings of the feet were correlated 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 III). 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 dorsiflexion of the ankle,

varus-valgus motion of the heel, and inversion-eversion

motion of the fore part of the foot showed significant corre-

lations with a low 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 anteroposterior

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 IV). The

mean angle between the first and fifth metatarsals on the

lateral roentgenograms of the club feet was approximately

equal 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 cuneiforms 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.

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 rocker-

bottom deformities were recognized either roentgeno-

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 (0.01 14) 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-

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 variables evaluated 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 lateral

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



TABLE VI

SIGNIFICANT CORRELATIONS OF THE PATIENT’S SATISFACTION WITH

CLINICAL AND ROENTGENOGRAPHIC FINDINGS

Correlation Significance*

SIGNIFICANT CORRELATIONS OF THE FUNCTIONAL RATINGS

WITH CLINICAL AND ROENTGENOGRAPHIC FINDINGS
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IV

FEET AND IN ONE HUNDRED AND FOUR CLUB FEET IN THE STANDING PosITIoN

Talocalcaneal Index

Anteroposterior Angle of

Calcaneus and Fifth Metatarsal
Lateral Angle of First
and Fifth Metatarsals

Mean Standard Deviation Mean Standard Deviation Mean Standard Deviation

(Degrees) (Degrees) (Degrees) (Degrees) (Degrees) (Degrees)

53 8 -12 4 12 7

35.5 10.2 -4.9 10.5 14.7 6.4

40.5 10.7 -3.5 9.5 16.7 8.5

34.6 10.6 -6.0 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

findings.

We observed significant differences between the

treatment groups in terms of the functional rating, degree

ofankle dorsiflexion, varus-valgus motion ofthe heel, and

inversion-eversion motion of the anterior part of the foot.

These differences most likely were related to the degree

of resistance to 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 functional rating. Obviously the resistant

club feet required more treatment. Seventy-four per cent of

the club feet had good to excellent functional results.

Forty-seven per cent had a relapse after the first treatment.

These results compared favorably with those reported in

other series 24,7,9. I 0, 1 2-1 4,16,19,20,2224,27 Many authors have

placed special emphasis on the roentgenographic criteria

ofclub-foot correction”221’26’27. We found a strong corre-

lation between the lateral talocalcaneal angle, the

functional rating, and the patient’s satisfaction with the re-

suits of treatment. This is in accordance with the observa-

tion of Turco that the lateral talocalcaneal angle is the

more accurate indicator of club-foot correction. Temple-

ton et al . measured the anteroposterior and lateral talocal-
caneal angles in the normal feet of children older than five

TABLE V

Correlation Significance*

Anterior inversion-eversion motion of

the foot 0.59 0.001
Varus-valgus motion of the heel 0.47 0.001
Number of relapses -0.46 0.001
Ankle dorsiflexion 0.45 0.001
Total number of plaster casts -0.34 0.001
Lateral talocalcaneal angle 0.3 1 0.001
Anterior adduction of the foot -0.20 0.023
Talocalcaneal index 0. 16 0.049

* There were significant correlations between the functional rating

and the specific variables listed as determined by the T test at the 0.05 level.

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 adduction of the foot -0.24 0.008
Varus-valgus motion of the heel 0. 10 0.034
Talocalcaneal index 0.17 0.041

a There were significant correlations between the patient’s positive

response to the question relative to satisfaction and the specific variables

listed, as determined by the T test at the 0.05 level.

years. The values compared very closely 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 same degree was observed in

only twelve ( 1 1 .5 per cent) of the club feet. A large 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 correction 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 detail

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



30 5. J. LAAVEG AND I. V. PONSETI

THE JOURNAL OF BONE AND JOINT SURGERY

and further impairment of function in later life is uncer-

tam.

In 1923, Dunn described lateral transfer of the an-

tenor 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-

ceau 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 deformity 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 functional 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 satisfaction with the final result, and the mo-

tion of the joints of the foot and ankle.

This study, like all long-term follow-up studies, had

limitations. It is regrettable that only seventy of the 126

patients returned for examination. The twenty-six patients

who were located but who did not return all stated by letter

or in telephone conversations that they were doing well,

and their answers to our questions suggested that their re-

sults did not differ from those of the patients who returned

for examination . Unfortunately , most roentgenograms

made during the treatment period had been destroyed.

Therefore 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 many

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-

nor or posteromedial surgical release in the treatment of

club foot’5”7’20’2t’23’24’2t’. Kuhlman and Bell found that

club feet that were treated by anterior tibial tendon transfer

had 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-

nor 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 early surgical treat-

ment to improve the anatomical correction. We are con-

cerned, 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 improve

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

PRELIMINARY REPORT

BY WILLIAM P. BUNNELL, M.D.*, G. DEAN MACEWEN, M.D.t, AND SHANMUGA JAYAKUMAR, M.D.t,

WILMINGTON, DELAWARE

From the Alfred I. duPont Institute, Wilmington

ABSTRACT: One method of treatment for scoliosis

consists of using a custom-made plastic underarm

jacket made of Orthoplast. 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 the Milwaukee brace. The key prog-

nostic factors for success appeared to be the severity

and flexibility 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 scoliosis3.

Emphasis on the early detection of scoliosis through

such means as school screening programs and family sur-

veys has resulted in the referral to scoliosis clinics of large

numbers of young patients with mild curves. While the

Milwaukee 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.
t Alfred I. duPont Institute, P.O. Box 269, Wilmington, Delaware,

19899.

fabrication of the jacket and the management program , and

to report the preliminary results of treatment in the first

forty-eight 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 longitudinal

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 symphysis and greater trochanters to

allow the patient to sit with the hips flexed, and the top is

trimmed to fit high in the axillae. 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 a

Milwaukee brace.

Treatment Protocol

Indications: Although the plastic jacket is not in-

tended to completely replace the Milwaukee 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




