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Congenital talipes equinovarus, i.e., congenital clubfoot, 
is one of the most common musculoskeletal abnormali-
ties in childhood which affect the lower limb and can be 
challenging to treat. The deformity has four components: 
equinus, forefoot adductus, hindfoot varus, and cavus. 
Nowadays, conservative treatment is generally accepted 
as the first choice for correction of clubfoot and the most 
popular approach is the Ponseti method which consists 
of serial manipulations and specific casting along with 
or without an Achilles tenotomy.1-4) After full correction 
is achieved, the remaining treatment includes the use of 
a foot abduction orthosis (FAO) to maintain the correc-
tion for approximately 4 years.1,3-7) However, relapse of the 
deformity has proved to be quite challenging after full cor-

Ponseti clubfoot treatment has become more popular during the last decade because of its high initial correction rate. But the 
most common problem affecting the long-term successful outcome is relapse of the deformity. Non-compliance with Ponseti brace 
protocol is a major problem associated with relapse. Although more comfortable braces have been reported to improve the compli-
ance, they all have the same design and no significant changes have been made to the protocols. After refinement in the Ponseti 
method and emphasizing the importance of brace to parents, the relapse rate has been markedly decreased. Nevertheless, there 
are patients who do not have any recurrence although they are not completely compliant with the brace treatment, whereas other 
patients have a recurrence even though they are strictly compliant with the brace treatment. The aim of this article is to review 
the relapse of clubfoot and the function of the brace and to develop an individualized brace protocol for each patient by analyzing 
the mechanism of the brace and the biomechanical properties of muscles, tendons, and ligaments.
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rection. Non-compliance with the Ponseti brace protocol 
was reported to be the leading cause of relapse and has a 
direct effect on the success of treatment.5) The most com-
mon reason for non-compliance with the brace treatment 
is discomfort.

AN OVERVIEW OF THE PONSETI METHOD

In 1963, Ponseti and Smoley4) reported the results in 67 
patients with 94 clubfeet who were treated at their clinic 
by means of serial manipulations and castings. The initial 
success rate was about 80%. This method was refined later 
on and has been used throughout the world particularly 
since 1990s after the long-term successful result was re-
ported during an average of more than 30-year follow-
up.1,8) This method was introduced in more and more 
medical centers.3,5,9,10) Herzenberg et al.9) treated 34 feet, of 
which only 1 foot required extensive posteromedial release 
after serial casting with or without percutaneous Achil-
les tenotomy. Colburn and Williams11) reported an initial 
correction rate of 95%. Moreover, other medical centers in 
different nations also reported that 92%–100% clubfeet in 
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their patients, whose age at the time of presentation was 
usually less than 1 year, responded to initial manipulation 
and casting as described in the Ponseti protocol.1,6,10,12-15) 
Verma et al.16) found that the Ponseti method was also ef-
fective in children between the ages of 1 to 3 years, and 
they reported an initial successful rate of about 89%. The 
Ponseti method is also effective in the non-idiopathic 
clubfoot. Morcuende et al.17) and Boehm et al.18) reported 
an initial correction rate of 94% and 100%, respectively. 
Gerlach et al.19) reported that they obtained initial full cor-
rection in 96% of the myelomeningocele-related clubfeet. 
Also 86% of clubfeet in patients undergoing posteromedial 
release were responsive to the Ponseti method.20)

During the period of brace wear, great concern has 
been expressed about recognition and prevention of the 
relapse of clubfoot deformity because in nearly all of the 
cases recurrence of clubfoot deformity occurs during this 
phase. After the final cast, the foot is ready for bracing. 
The bar-connected brace maintains the completely cor-
rected foot in 60 to 70 degrees of external rotation on the 
affected side and in 30 to 40 degrees of external rotation 
on the normal side. The bar should be bent 5 to 10 degrees 
with the convexity away from the child to hold the feet 
in a valgus position and it should be of sufficient length 
so that the heels of the shoes are at shoulder width. The 
shoes maintain the foot in 10 to 15 degrees of dorsiflexion 
while wearing the brace.1,3-7,12,15,21-24) The foot appears to be 
over-corrected into abduction, but it is not a real overcor-
rection, but full abduction.24) The brace should be worn 
full time (day and night) for the first 3 months after the 
final cast is removed. After that, the child should wear the 
brace for 12 hours at night and 2 to 4 hours during the day, 
for a total of 14 to 16 hours during each 24-hour period. 
This protocol is continued until the child is 3 to 4 years of 
age.7,24) After the successful management with the Ponseti 
method, the patient has a functional, pain-free, planti-
grade foot, with good mobility and without calluses, and 

does not need to wear modified shoes.

RELAPSE AFTER FULL CORRECTION AND  
NON-COMPLIANCE WITH BRACE TREATMENT

As described by Ponseti, the proper use of this method can 
be clearly divided into two phases. The first phase is the 
correction phase and the second phase is the maintenance 
phase.3,4,12) During the second phase, traditional well-
fitted, open-toed, high-top straight-last shoes attached to 
a Denis Browne bar or a bar-connected FAO are used to 
avoid recurrence of the deformity. If a patient is not com-
pliant with the brace treatment, he/she is more likely to 
have a relapse than the compliant patient.3,5,6,12,15,21,25) The 
Iowa group defined recurrence as the reappearance of any 
of the components of the deformity, including either equi-
nus, forefoot adductus, hindfoot varus, or cavus.12) Some 
reports considered recurrence of clubfoot after treatment 
using the Ponseti method as any deformity that required 
additional casting and/or surgical intervention. This is al-
most similar to the definition of the Iowa group.3,6,14,25,26)

Many studies suggested that non-compliance with 
the brace treatment was closely associated with recur-
rence of the deformity.3,6,10,13-16,21,22,25-27) In addition, a few 
researches suggested that low educational level of par-
ents, annual family income of < US $20,000, and Native 
American ethnicity were all significant risk factors for 
the recurrence of deformity following correction with 
the Ponseti method.3,14,15,21) However, non-compliance 
or poor-compliance with the Ponseti brace protocol was 
identified as the leading cause of relapse and had a direct 
effect on the success of treatment.5) With respect to the 
non-compliance rate and relapse rate, a variety of medical 
centers and researches reported different findings. Many 
authors reported that brace intolerance ranges from 0% to 
51%.3,6-8,10,20,25,27) In the research by Haft et al.,25) the non-
compliance rate was 49% and patients who did not adhere 

Table 1. Non-Compliance Rate and Odds Ratio of Relapse

Study Non-compliance rate (%) Odds ratio of relapse between non-compliance and compliance

Dobbs et al.3) 41 183

Morcuende et al.12) 11 17

Avilucea et al.14) 36 120

Haft et al.25) 49 5

Our results* 43 20

*The data were not published.
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to the bracing protocol were 5 times more likely to have a 
relapse in comparison with children who wore the brace 
regularly. Dobbs et al.3) found that the non-compliance 
rate was 41% and children who discontinued wearing the 
brace were 183 times more likely to have recurrence of 
clubfeet. These two results from the study by Avilucea et 
al.14) were 36% and 120 times. Abdelgawad et al.6) observed 
a relapse in 60% of clubfeet in children who were not able 
to use the brace as prescribed compared to a relapse in 
16% of clubfeet in patients who were compliant with the 
brace protocol during 3 or more than 3 years of follow-up. 
Moreover, Morcuende et al.12) from the University of Iowa 
suggested that non-compliance was associated with a 17 
times greater odds of relapse compared with compliance. 
Despite as high as 43% non-compliance rate, the patients 
who were not in compliance with the brace protocol had 
20 times more likelihood of relapse in our institute (the 
data not yet published). All of the children in these stud-
ies were prescribed the brace of same type, which kept the 
feet in abduction and dorsiflexion, but the results varied 
enormously (Table 1). Why?

We analyzed the publications and identified the fol-
lowing four causes. 

(1) Variation in bracing protocol from different 
studies, in which the orthosis was worn full-time (22 to 23 
hours a day) for two or three months and then at night (10 
to 12 hours a day) for two to four years.1,4) Morcuende et 
al.12) suggested that the brace should be used on a full-time 
basis for 2–3 months and at night and during nap time for 
3 to 4 years. More authors recommended using the brace 
for 23 hours during the first 3 months and subsequently at 
night time and nap time only without providing a definite 
time period.6,12,14,16) Some authors recommended wearing 
the brace only at night-time after using the orthosis full-
time until the age of 2 to 4 years.10,28,29) Bouchoucha et 
al.23) suggested that the brace should be worn full time (23 
hours per day) for 3 months, followed by a period of part-
time wearing of the brace for 12 to 14 hours a day. Chen et 
al.7) prescribed the same brace protocol as that prescribed 
by Staheli.24) Although these discrepancies are not large, 
when the parents follow these protocols, it may result in 
significant differences.

(2) There is no consensus on the definition of ‘non-
compliance’ or ‘compliance.’ Morcuende et al.12) suggested 
non-compliance when the foot abduction brace was not 
used for at least 10 hours a day. Dobbs et al.3) suggested 
non-compliance on complete discontinuation of the use of 
the orthosis. Abdelgawad et al.6) defined non-compliance 
as complete discontinuation of the use of the FAO. Avilu-
cea et al.14) defined non-compliance as premature discon-

tinuation of the use of the brace during the maintenance 
phase. Panjavi et al.15) defined non-compliance as lack of 
full-time bracing in the first 3 months, or at night time 9 
months thereafter. Different definitions may result in dif-
ferent findings.

(3) In most of the researches, the time period for 
which the orthosis was used was calculated based on the 
parents’ information, telephonic interview, or clinical 
follow-up.3,14,15) The parents may not accurately remember 
the exact time period during which the brace was used; 
therefore, leading to inaccurate recording of the brace 
wearing time. Currently, in none of the researches a heat 
or pressure sensor is mounted onto the orthosis to calcu-
late the exact brace wearing time, which is similar to the 
brace treatment in patients with adolescent idiopathic 
scoliosis.30) Apart from this, when a child is crying it is dif-
ficult to distinguish between the pain due to these shoes 
and whether the child is annoyed. But many parents often 
assume that the child is crying due to the former reason, 
and hence they adjust the brace frequently. It is then dif-
ficult to determine the compliance with brace wearing 
and orthosis when the children are crying. Inappropriate 
wearing of the brace does not maintain the correction ef-
fectively. Therefore, the time recorded is not the same as 
the actual effective brace wearing time.

(4) Not all of the medical centers can provide hand-
outs25) and conduct interviews through telephone calls to 
assess whether the patients are following the recommend-
ed brace protocol, especially in developing countries.14) 
Actually, these measures can improve the brace wear com-
pliance, and thus the brace wearing time can be the same 
as that suggested in the prescribed brace protocol.

THE MECHANISM BY WHICH THE BRACE 
PREVENTS A RELAPSE

Development of the Brace Protocol and FAO
Ponseti and Smoley4) realized that recurrence of the de-
formity occurred almost immediately following complete 
correction when he first started using this new manipula-
tion technique for management of clubfoot. The initial 
data from the Iowa group showed that the relapse rate was 
56% because the initial brace protocol developed by the 
Iowa group recommended brace wearing only for about 2 
years.4) When the recommendation for brace wearing was 
changed to 4 years the recurrence rate showed a drastic re-
duction.10) Hyperabduction in the final cast and emphasis 
on brace wearing led to improvement in the short-term 
and long-term success rates.1,4,8,12) Especially, the brace 
wearing time is a crucial factor during the whole treat-
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ment. Non-compliance results in insufficient brace wear-
ing time and inappropriate brace wearing increases the 
risk of relapse.3,6,12,14,25) Hence, many braces improved the 
adherence to postcorrective bracing (Table 2). Ponseti and 
Smoley4) recommended the use of original Denis Browne 
splint, which consists of a bar with an L-shaped metal foot 
plate at either end with high-top shoes and well-molded 
heels, to avoid relapse of clubfoot. Markell brace has been 
the most popular FAO at the University of Iowa for de-
cades. The device consists of a pair of open-toed shoes 
mounted on a length-adjustable aluminum bar by foot 
plates. Foot plates are attached to the bar by a steel bolt 
that fixes a serrated disk, which allows for the adjustment 
of rotation of the foot plates (Fig. 1A).24) The Mitchell-
Ponseti brace which was developed by John Mitchell and 
Ignacio Ponseti includes detachable shoes and soft silicone 

inserts with a leather support and three leather straps.24,31) 
The Mitchell-Ponseti brace may be more attractive to 
some parents and more comfortable for children, but it 
does not provide better clinical results than the Denis 
Browne bar (Fig. 1B and C).31) Chen et al.7) described an 
articulated FAO design that allows active flexion and ex-
tension of each leg separately while maintaining the neces-
sary external rotation of the foot. The articulating FAO is 
well tolerated by patients and results in a higher compli-
ance rate and a lower complication rate than the tradition-
al FAO.7) The Steenbeek brace was initially designed and 
produced for use in the developing countries because of its 
low cost24) and it was found to be effective in maintaining 
the correction.23) Furthermore, a much lighter FAO was 
prescribed to the neonates younger than 3 months of age 
in our institute (Fig. 1D). The newly designed FAO can ei-

Fig. 1. Different kinds of foot abduction 
orthoses. (A) Markell brace. (B, C) Mitchell-
Ponseti brace. (D) Brace in our institute.

Table 2. Comparison of Foot Abduction Orthoses

Catagory Advantage Disadvantage Function & clinical outcome

Markell brace (Fig. 1A) �Abducted angle and length adjustable Heavy Maintaining the corrected foot in the 
position with enough abduction and 
dorsiflexion after three weeks of long-
leg cast without deformity correction; 
preventing relapse only after effectively 
wearing for enough time

Mitchell-Ponseti brace (Fig. 
1B and C)

Abducted angle and length adjustable; 
detachable shoes with soft inserts

Higher price; could not provide better 
clinical results

Steenbeek brace Lower cost Smaller range of application; angle 
and length unadjustable

Brace in our institute (Fig. 1D) Light Angle and length unadjustable
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ther facilitate the compliance with orthosis wearing or cut 
down the cost. They have the same effect, i.e., preventing 
the recurrence of deformity. They all maintain the affected 
foot in 60 to 70 degrees of external rotation and in 10 to 15 
degrees of dorsiflexion.24)

The Function of the Foot Abduction Orthosis
Ponseti32) suggested that relapses were caused by the same 
pathology that initiated the deformity rather than being a 
sign of undercorrection. Histomorphometric results indi-
cated that the talar deformity was not the primary lesion. 
Histological and immunohistochemical findings showed 
that the posterior and medial ankle ligaments of clubfeet 
appeared to be the site of the earliest changes. They lost 
their spatial orientation of cells and collagen fibres and the 
soft tissues had contracted.33) Therefore, Ponseti2) hypoth-
esized that the relapses may be related to retracting fibrosis 
of the ligaments and musculotendinous units of the poste-
rior and medial ankle. At the end of three weeks of casting, 
the foot is abducted to an exaggerated amount and kept 
in an adequate degree of dorsal flexion. Then the children 
start using the FAO and its purpose is to maintain the 
correction after the final cast.2,12) A comparative research 
between the use of the bar-connected FAO and the ankle 
foot orthosis (AFO) to prevent relapse follow correction 
of idiopathic clubfoot with the Ponseti method suggested 
that the bar-connected FAO appeared to be very impor-
tant in preventing recurrence of clubfeet treated with the 
Ponseti method and this cannot be achieved with an AFO 
because 60 to 70 degrees of external rotation, which is ac-
complished by the FAO, is necessary to stretch the medial 
soft tissues.26) Conversely, the AFO can only keep the foot 
in a neutral position without stretching the medial soft tis-
sue. As we mentioned above the posterior and medial soft 
tissues are involved in the pathogenesis and relapse.2,32,33)

Duration of Brace Wearing in Individuals
Currently, according to the recommended brace protocol, 
all of the patients should wear the brace for 12 hours at 
night and 2 to 4 hours in the middle of the day, for a total 
of 14 to 16 hours during each day. This protocol is con-
tinued until the child is 3 to 4 years of age.7,24) The age at 
which bracing can be stopped remains unclear. Some of 
the patients, who were not compliant with the brace treat-
ment, did not have recurrence of the deformity. However, 
some other patients had recurrence even though they were 
compliant with bracing.3,6,14,25) In addition, we found that 
some children in our institute wore the FAO for less than 
8 hours after 2 years of age (the data is not published); but, 
they did not have a recurrence. The question has been 

raised as to the need for all of the patients to adhere to the 
same bracing protocol. Some studies suggested that sever-
ity of the deformity and the age of the patient at the initia-
tion of treatment did not have a significant effect on the 
risk of recurrence.21) Does the diversity of posterior and 
medial ankle soft tissues among individuals determine the 
minimum brace wearing time without the occurrence of a 
relapse?

FOOT ABDUCTION ORTHOSIS AND STRETCH

The medial soft tissues remain stretched out only if the 
FAO is used after three weeks of casting.24) When a club-
foot is placed in the FAO, the affected foot is kept in 60 to 
70 degrees of external rotation and in 10 to 15 degrees of 
dorsal flexion,24) and the posterior and medial ankle soft 
tissues such as tibialis anterior, tibialis posterior, flexor 
digitorum longus, flexor hallucis longus muscle and ten-
don, deltoid and spring ligaments which are involved in 
the deformity of clubfoot are under static stretching by 
the FAO. Thacker et al.5) found that the Dimeglio score of 
completely corrected clubfeet in the compliant group im-
proved significantly during the brace maintenance phase. 
The mean score decreased from 3.5 to 1.0 between the 
time of FAO application and 6 to 9 months of follow-up. 
Bouchoucha et al.23) reported that a slight improvement 
in the amount of dorsal flexion of the ankle and a global 
decrease in stiffness was observed after full-time brac-
ing. These findings suggested that the FAO can not only 
maintain the complete correction achieved by the cast but 
can also reduce the stiffness of soft tissues and increase the 
range of motion of the ankle. Another research suggested 
that although performing stretching exercises during the 
maintenance phase is not recommended in the original 
Ponseti method, it can still reduce the recurrence rate.15)

In fact, the weekly long-leg cast also provides a type 
of stretch which can gradually correct the deformity and 
decrease the stiffness of the ankle. Tendons and ligaments 
exhibit time-dependent behavior which is called creep 
and stress relaxation. Creep is defined an the time-depen-
dent elongation of a tissue when subjected to a constant 
load, meanwhile stress relaxation is defined as the time-
dependent decrease in load when the tissue is subjected to 
constant elongation.34) Hence, the manipulative correction 
in the Ponseti method can be consider as the creep; on the 
other hand, the cast immobilization and the FAO wear-
ing can be consider as stress relaxation. We all know that 
although the cast can fully correct the deformity, sufficient 
time is needed to prevent a relapse.1,4,8,12) As the FAO is 
designed to maintain the foot as that by a post-tenotomy 
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cast,24) when the foot is placed in the FAO the posterior 
and medial ankle ligaments and tendons are stretched and 
thus the stress relaxation begins. As time passes, the con-
tractility of the ligaments and tendons which are involved 
in the primary deformity and recurrence decreases. There-
fore, we can presume that when the contractility of all liga-
ments and tendons of the ankle reaches static equilibrium 
the deformity does not recur. Another research by Naka-
mura et al.35) suggested that a 4-week static stretch training 
program decreased the passive torque and increased the 
muscle-tendon junction (MTJ) displacement of the gas-
trocnemius at 30 degrees of dorsiflexion without causing 
changes in the muscle fascicle length. They thought that 
the increased MTJ displacement observed after the static 
stretch training program might be associated with factors 
other than muscle fiber length. When muscle fibers are 
immobilized under stretch, the immediate effect is that 
the fibers become longer and the constituent myofibrils 
lengthen. After several weeks, the whole muscle and fibers 
maintain their length. The sarcomere length returns to 
normal and the number of sarcomeres in the region of the 
MTJ increases. Therefore, time is needed for elongation of 
the soft tissues or for decreasing the contractility of ten-
dons and ligaments. We know that different individual’s 
have different tensile properties of the soft tissue;34) hence, 
the FAO wearing time for an individual may depend on 
the tensile properties. Therefore, the posteromedial soft 
tissues of clubfeet, which are presumed to have different 
characteristics, may need different time periods for chang-
ing their properties under stretch accomplished by using 
the FAO.

CONCLUSION AND FUTURE PROSPECTS

It has been universally agreed that the initial management 
of congenital clubfoot should be non-operative. The Pon-
seti method has been proved to be effective in this type of 
management by means of long-term follow-up evaluation. 
Nevertheless, relapse and its prevention still remain a great 
concern. Dr. Ignacio V. Ponseti of the University of Iowa 
developed a technique for the manipulative treatment of 
clubfeet based on the understanding of the anatomy and 
kinematics of the foot.14) This method consists of a number 
of the details including: (1) All the deformities are correct-
ed simultaneously; the cavus is corrected together with the 

adduction; to elevate the first metatarsal and abduct the 
forefoot while applying counter-pressure with the thumb 
against the lateral aspect of the head of the talus; heel varus 
will be corrected when the entire foot is fully abducted 
under the talus, but the heel is never touched; residuary 
equinus is usually facilitated by a simple percutaneous ten-
doachilles tenotomy. (2) After full correction is achieved, 
the remaining treatment includes the use of bar-connected 
brace to maintain the correction and prevent relapse until 
the age of 3–4 years old.2,3,12,24,36) Although success has been 
achieved in obtaining the initial correction in clubfeet, 
maintaining the correction is more challenging. The most 
common problem is the poor compliance with brace wear. 
Many methods have been used to improve the compli-
ance, such as reminding or motivating the parents14) and 
modifying the brace.7) But no level of motivation can com-
pensate for an imperfect brace.24,31) Currently, the brace 
protocol is identical for all of the patients. The presence 
of collagen, vimentin, and myofibroblast-like cells in the 
thick, tight, and shortened medial and posterior tarsal liga-
ments seems to play an important role in the pathogenesis 
and relapse of the clubfoot deformity.32,33,37) It is important 
to use the FAO for stretching the posteromedial soft tis-
sues and for preventing the relapse of deformity. Different 
tensile properties of posteromedial soft tissues may need 
different stretch time periods for preventing a relapse. Ac-
cordingly, researches on the time-dependent muscle, ten-
don, and ligament stretch may shed new light on the brace 
wearing time during the maintenance phase after complete 
correction with the Ponseti method.

In the future, it is important for clinicians to adhere 
to every details and principles of Ponseti method. Only 
following these details and principles as it was initially de-
scribed can optimize its clinical outcomes. Moreover, fu-
ture investigations on the different responses of the poste-
rior and medial ankle soft tissues may led to improvement 
in the brace protocol. The offer of an individualized brace 
protocol is expected for each patient. And Ponseti method 
would be greatly optimized in this aspect.
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