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Abstract

Purpose The success of the Ponseti method for treating

idiopathic clubfoot deformity is dependent on the casting

techniques and the adherence of the patient to the foot

abduction brace protocol. Newly developed brace designs

claim to be more comfortable, to be easier to use and to

prevent dislodgement of the foot from the brace, making

them more efficient and improving patient compliance.

They are, however, more costly, and, therefore, accessible

to fewer patients. We compared the compliance and

treatment outcome using two brace designs, the traditional

simple brace of pre-walking shoes attached to a Dennis

Browne (DB) bar and the new sophisticated Mitchell brace.

Methods We compared the functional outcome and

compliance with the post-corrective bracing protocol of 38

children with idiopathic clubfoot treated in our institution

using two brace designs. Twenty-one chose the DB brace

and 17 chose the Mitchell brace.

Results There was no difference in the compliance rate or

in the final clinical and radiological outcomes of the two

groups after a minimum of 2 years of follow-up. A positive

correlation was found between the Pirani score at the

beginning of treatment and the final functional score for

both groups. Both groups were satisfied with the selected

brace. Both groups were equally compliant with the brace

protocol.

Conclusion We conclude that new and more expensive

brace designs do not necessarily provide better clinical

results. Fully corrected foot and a strong family–treating

team partnership are crucial to adherence with the brace

protocol.
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Introduction

The Ponseti method for the treatment of clubfoot deformity

gained worldwide popularity and became the standard of

care in many medical centres, including those in third-

world countries, due to its simplicity and high rate of

success [1, 2]. Ponseti first introduced his non-surgical

method of clubfoot correction more than 50 years ago [3]

and he has reported satisfactory results in 89% of treated

feet [1]. Reports on failures with the Ponseti method have

shown that the decisive factor that led to recurrence of the

clubfoot deformity in 50% of the cases was non-compli-

ance with the foot abduction brace protocol [2, 4–7]. Once

the last cast has been removed, adherence to the brace

protocol is crucial to success and the prevention of
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recurrence. Newly developed brace designs are focused on

improving compliance and success rates [8]. The new brace

designs include different types of bars [9], shoes, ankle–

foot orthoses (AFO) and hinged attachments [8].

The Ponseti method has been proven to be both effective

and relatively inexpensive, and its cost-effectiveness was

found to surpass that of surgical treatment [10]. The newly

designed and expensive braces may be economically

unobtainable to low-income populations. The purpose of

the current study was to compare two designs of braces that

are used in adherence to the Ponseti treatment protocol of

clubfoot. One is the traditional pre-walking shoes attached

to a Dennis Browne bar and the other is the new Mitchell

brace, also known as the Ponseti brace (MD Orthopaedics,

Wayland, Iowa, USA). The Mitchell brace includes

detachable shoes and soft silicone AFO-type inserts. Our

aim was to find out whether the added components of the

newer brace and its claimed increased comfort would

improve treatment outcome as measured by two parame-

ters: compliance with the brace protocol and the clinical

and radiological results after a minimum of 2 years of

follow-up.

Patients and methods

Patients

Two groups of children with idiopathic clubfoot treated by

the Ponseti method in our institution from the beginning

and followed up for at least 2 years (2002–2006) were

included. Children initially treated elsewhere and those

with atypical clubfoot were excluded. The study was

approved by our institutional review board.

Treatment

All patients were treated in our clubfoot clinic by senior

orthopaedic surgeons (YH, ES) and a dedicated physio-

therapist (AY), who offered the families unlimited access

to information and was available to address whatever

problems they encountered. Serial casts were applied

weekly according to the Ponseti protocol. Before applying

each cast, the physiotherapist manipulated the foot and

performed stretching exercises to improve the range of

motion. The feet were examined and scored according to

the Pirani classification [11]. Since there is good correla-

tion between the two widely used classification systems,

i.e. the Diméglio [12] and the Pirani [11, 13] classifica-

tions, we only used the latter. Once the forefoot was cor-

rected, an Achilles tenotomy was performed for the

management of residual equinus. The procedure took place

in a clinical setting using local anaesthetics, followed by a

cast that was applied for 3 weeks. After the last cast was

removed, a foot abduction brace was applied for 23 h

during the first 3 months and the brace time was gradually

decreased thereafter. The precise instructions given to the

parents were to ensure 20 h of uninterrupted wear after

3 months, 18 h after 6 months and, after the first year of

brace application, only night-time use until the age of 3 or

4 years.

Braces

We offered the families two brace options: the traditional

foot abduction brace that includes pre-walking shoes

attached to a Dennis Browne bar (DB group) or the

Mitchell brace, in which the shoe design includes a silicone

insert resembling an AFO and a detachable shoe mecha-

nism (Mitchell group). The two braces differ in cost and

ease of use, and the families were free to select the brace

type they preferred.

Study protocol

We compared the DB group with the Mitchell group. The

data that were collected by reviewing the charts of all

participants included the child’s age at first visit, the Pirani

scoring at that time and the total number of casts used. Each

child was graded according to a functional scale for club-

foot as reported by Ezra et al. [14] at the last follow-up visit.

That scale incorporates a number of different parameters,

such as ankle and subtalar motion, position of the heel and

forefoot during standing, gait pattern, shoe type worn,

functional limitations, pain and parental satisfaction.

Radiographs were taken after the age of 2 years, according

to a protocol in which a wooden rectangle is taped to the

plantar aspect of the foot for standardisation. An antero-

posterior (AP) view and a lateral view in maximum dorsi-

flexion were obtained and measured [15–17]. In addition to

the data collected from the patient’s charts, we asked each

family to fill in a questionnaire on the extent of their

compliance with the instructions, the level of satisfaction

with the brace they chose and if they would recommend it to

others. The parents were asked about brace use during each

quarter of the first year, the age at which bracing was dis-

continued and about any problems encountered during the

bracing period, such as blistering, sleeping problems and

dislodgment of the foot from the brace.

Statistical analysis

The SPSS 18 software and the non-parametric Mann–

Whitney test and Spearman correlation were used for all

assessments. The results were considered to be significant

at the level P \ 0.05.
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Results

The study included 30 males and eight females. Nineteen

children had unilateral clubfoot and 19 had bilateral club-

foot. The mean age at the initiation of treatment was

1.7 weeks (range 1–12 weeks) for the entire cohort. The

mean follow-up was 44 months (range 24–88 months). The

mean number of casts required for the correction of a foot

was 6.5 (range 4–10 casts). The average age at the time of

Achilles tenotomy was 7.7 weeks (range 6–16 weeks). The

mean Pirani score at the beginning of treatment for the

entire group was 4.5 (range 2.5–6). The mean walking age

was 15 months (range 10–21 months). The average func-

tional score was 139 points (range 113–150). An Achilles

tenotomy was performed in all cases in both groups. The

DB group included 21 children and the Mitchell group

included 17 children.

The two groups were equal in severity at the beginning

of treatment. There were no differences between the two

groups in age (P = 0.4) or Pirani score (P = 0.382) at

presentation, nor in the number of casts used (P = 0.089)

(Fig. 1).

We found no differences in the last follow-up visit

between the two groups. The final functional score was 138

for the Mitchell group and 139.8 for the DB group

(P = 0.544). The mean AP talocalcaneal angles were 29.8�
(±6.6�) for the Mitchell group and 28� (±4.7�) for the DB

group (P = 0.146), and the mean lateral talocalcaneal

angles in maximal dorsiflexion were 32.4� (±8.2�) for the

Mitchell group and 35.55� (±8.1�) for the DB group

(P = 0.262) (Fig. 2).

There were significant correlations between the Pirani

score at the beginning of treatment and the lateral talo-

calcaneal angle at the end of treatment and between the

Pirani score at the beginning of treatment and the final

functional score for both groups (P = 0.047 and

P = 0.022, respectively). Feet that had an initial high

Pirani score ended up with lower lateral talocalcaneal

angles and lower functional scores (r = -0.265 and r =

-0.324, respectively). There were no significant correla-

tions between the functional score and the AP or the lateral

talocalcaneal angles (P = 0.295 and P = 0.439, respec-

tively), nor between the Pirani scores and the AP talocal-

caneal angles (P = 0.952). The parents of both brace

groups reported having fully complied with the treatment

instructions for the first 2 years. Most of the parents

reported difficulties with bracing due to sleeping problems,

which was the reason for non-compliance beyond the

second year. Both groups stated that they would recom-

mend the same brace that they had selected to others.

Discussion

The rationale of developing new brace designs is to

improve the effectiveness of the brace treatment and to

reduce the incidence of non-compliance. Some of the

features incorporated in the new braces are detachable

shoes, soft silicone AFO-type inserts, leather or Velcro

straps and articulating abduction braces, as in the dynamic

brace introduced by Dobbs [8]. On the other hand, these

new braces are much more expensive [18]. The approxi-

mate cost of commonly used foot abduction orthoses as

Dobbs [8] is 1,200 USD, with the Mitchell brace costing

around 350 USD, while the DB braces cost around 70 USD

in the United States [19], and probably less than that in

developing nations when manufactured locally. The foot

grows quickly during infancy and usually in the first year,

up to two pairs of shoes or orthotic shoes will be needed;

this also should be taken into account in the calculation of

price.

Several studies have found a higher compliance rate and

better results of treatment when the new braces were used

as compared to historic control groups that used the tra-

ditional DB brace [8, 19]. To our knowledge, there are no

Fig. 1 Pirani score for the first cast, number of casts used for

correction and the age at the time of the first cast (in weeks). P = 0.38

for the Pirani score; P = 0.09 for the number of casts; P = 0.4 for the

age at first cast. M = Mitchell, DB = Dennis Browne

Fig. 2 Functional scale and radiographic differences at the last visit.

P = 0.544 for the functional scale; P = 0.146 for the talocalcaneal

antero-posterior (AP) angle; P = 0.262 for the talocalcaneal lateral

angle in maximal dorsiflexion. M = Mitchell, DB = Dennis Browne
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studies that compare groups which used different brace

designs at the same time.

The results of this case series have shown that adherence

and compliance with the bracing protocol was not influ-

enced by the type and design of the brace. Importantly, the

results of treatment by following the Ponseti method were

the same in both groups. The challenge in achieving suc-

cessful results with the Ponseti protocol lies in the pre-

vention of relapse and not by the correction of the

deformity. There has been increasing emphasis on the

importance of brace treatment and its influence on the final

results, to the extent that comparing groups treated during

different periods of time will give the new group an

advantage over a historical group [8]. For that reason, we

compared two groups that were matched for the time

during which the braces were applied. Both groups

underwent the same treatment protocol and the same strict

surveillance.

The traditional DB brace and the newly designed

Mitchell AFO maintain the foot in 70� of external rotation.

The addition of an AFO component may, theoretically,

offer better control over the ankle’s range of motion, thus,

preventing an equinus foot deformity. It was also thought

to prevent dislodgment of the foot from the shoe. Dis-

lodgement of the foot from the brace is probably related to

under-correction of the foot and not to the brace design.

A corrected foot that does not reach 15� of dorsiflexion

or an ‘‘empty heel feeling’’ at the heel of the foot is an

indication to perform an Achilles tenotomy. All of our

patients underwent an Achilles tenotomy, since we contend

that full correction of the foot and prevention of a rocker-

bottom foot is essential. A vicious cycle is created when a

foot that is not fully corrected is placed in the brace, fol-

lowed by dislodgment from the brace; difficulty in strap-

ping the foot while trying to put more pressure on the straps

will lead to more crying and discomfort that further reduces

the compliance of the family.

Allowing parents to choose the brace type may influence

the family to be more compliant with their choice or

influence the reported compliance. We were aware that

ascertaining compliance by a parental questionnaire may

be unreliable. Our physiotherapist, therefore, double-

checked our results by comparing them to the reports that

the same parents had submitted on a regular basis

throughout the first 2 years. A pressure sensor introduced

in the brace would probably have provided more accurate

data. One of the reasons for non-compliance may be the

lack of precise instructions given to the families. For

example, Ponseti [20] recommends using the brace at night

and during nap time, while others practice gradual decrease

from full-time use. In order to prevent any misunder-

standing, we instructed the parents of our patients to apply

the brace for an exact number of hours according to an

established protocol and offered unrestricted access to our

team for solving any problems that might have arisen.

We also practice a weekly visit with the family and the

physiotherapist until we feel that the infant tolerates the

brace and not losing correction of the foot.

Allowing the parents to have the choice of brace type

and not randomly selecting the groups may have caused a

selection bias. Since both braces were privately purchased

(and only a small percentage of the price was reimbursed

by the family’s medical insurance), the less affluent fami-

lies tended to choose the less expensive DB brace. When

we opened this study, we were inclined to prefer the newer

Mitchell brace because it seemed to offer advantages over

the traditional DB brace, although there were no compar-

ative data on its effectiveness at that time. The treating

team and the parents were not blinded to the treatment and

brace type used, and the parents were able to share their

experience with others who were using the other type of

brace. We believe that these ‘‘biases’’ do not influence the

validity of our results but, rather, reinforce them.

Clinically, there were no differences between the two

braces. While the Mitchell brace may be more attractive to

some parents, the simpler and less expensive brace func-

tions just as well in terms of compliance rates and treat-

ment outcomes. A testimony to the apparent equality of the

two brace types is that none of the parents chose to change

the brace that they had initially chosen.

The superiority of new and expensive brace designs

must first be proven before we abandon the simpler tools

available to us. Ease of use and more attractive packaging

do not necessarily provide better clinical results.
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