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Bracing in Clubfoot: What is Different in 2021?
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Ab s t r Ac t 
Bracing is an integral and essential part of Ponseti’s management of clubfoot. The standard foot abduction brace (FAB) maintains the affected 
foot in 60–70° abduction and 10–15° dorsiflexion while keeping the foot apart at a distance approximately equal to both shoulders’ width. Foot 
abduction brace is recommended to be worn full time for the initial 3–4 months and subsequently night/nap time till 4–5 years of age. Foot 
abduction brace prevents relapse by continuous stretching of posteromedial soft tissue of the foot and gradually ensuring their stress relaxation. 
Several designs of FAB are marketed like Denis Browne splint, Steenbeek brace, Mitchell-Ponseti brace, Dobbs brace, etc. The prolonged use of 
brace required for maintenance of deformity correction is however marred with issues of non-adherence and recurrence. Furthermore, several 
genetic, socioeconomic, parental, healthcare-related factors affect the overall functionality of the brace. Bracing in clubfoot is an evolving science. 
There are efforts to achieve better patient outcomes by eliminating these barriers, better brace designs, and following strategic guidelines.
Keywords: Adherence, Clubfoot, Compliance, Foot abduction brace, Ponseti technique, Recurrence, Relapse.
Journal of Foot and Ankle Surgery (Asia Pacific) (2021): 10.5005/jp-journals-10040-1172

In t r o d u c t I o n 
Ponseti technique is a widely accepted and successful treatment 
for obtaining correction in clubfoot. The success rate with the 
technique for initial correction of deformity as reported by Ponseti 
himself is about 80% and 92–100% in various other studies.1,2 
However, clubfoot deformity has a strong tendency to recur due 
to presence of retractile tissues.3 Recurrence up to 10 years of age 
and rates as high as 67% have been reported in the literature.4 
Thus, the Ponseti technique comprises an aggressive corrective 
phase involving serial manipulation and casting with or without 
tenotomy followed by a long-term maintenance phase to prevent 
recurrence. Bracing plays a key role in maintaining the deformity 
correction. A brace capable of stretching the foot into abduction 
and dorsiflexion (foot abduction brace, FAB) is generally used for 
this purpose. To prevent recurrence of deformity, FAB has to be 
worn persistently and for several years. Although the efficiency of 
FAB to prevent recurrence has been established beyond doubt, the 
patient’s adherence to brace for the prescribed duration remains 
a potential challenge.5

Clubfoot is a disease of masses and the clubfoot program is 
state-sponsored in several countries. Several of these programs 
are run in healthcare constrained and limited financial resource 
settings. A growing child may require several changes of the brace 
during the maintenance phase and this adds to the overall cost of 
clubfoot treatment. Therefore, there is an ongoing quest to find 
an appropriate brace to match contrasting demands of usefulness, 
comfort, adherence, and cost-effectiveness. The following review 
briefly discusses the various aspects of brace use in clubfoot, the 
current brace designs available, the challenges, and future research 
in this direction.

or I g I n A l Fo ot Ab d u c t I o n br Ac e us e d by 
Po n s e t I 
The preliminary brace described for use following correction 
by Ponseti technique was a modified Denis Browne splint.2 The 
original Denis Browne splint (also known as “Hobble splint”) was 
used for achieving clubfoot deformity correction rather than 

maintenance. It was based on the principle of fixing the two feet 
with each other in relation to the median plane of the body and 
thus preventing pivoting.6 To achieve the same, the pair of foot 
pieces were connected by heels. At the connection, the foreparts 
were twisted to an angle of 20° in the normal foot and the other 
foot was turned outwards as far as it was originally inwards. The foot 
was tied to the splint using a “figure of 8” bandage (Fig. 1).6 A child 
could kick freely in this splint which Denis Browne considered most 
important for the development of calf muscles and heel. Later, he 
used open-toed shoes instead of sticking plaster to hold the feet, 
attached to the bar.7

Ponseti and Smoley used this brace in a modified form by 
using high-top shoes with well-molded heels attached to the Denis 
Browne bar.1 Shoes were attached at 70° of external rotation and 
the bar bent 10° dorsiflexion to keep foot plantar-flexors stretched. 
The shoes were laced with no curves. The bar ranged in length from 
20 to 30 cm according to the size of the child.

Fu n c t I o n s o F Fo ot Ab d u c t I o n br Ac e 
Clubfoot correction by the Ponseti technique can be explained 
by “creep and stress relaxation” phenomenon.3 During serial 
manipulation and casting, tendons, ligaments, and soft tissues 
elongate under a constant load which is described as “creep”. After 
the final cast in maximum abduction and dorsiflexion, FAB creates 
“stress relaxation” of ligaments which is a decrease in load under 
continuous elongation. Foot abduction brace helps in continued 
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stretching of posteromedial tissue and their development and thus 
helps in the prevention of recurrence.

Ponseti stated that recurrence in clubfoot is not the result of 
under correction but it occurred because of the abnormality of the 
soft tissue of the lower leg, ankle, and foot which had caused the 
primary congenital deformity.8 Since the foot grows almost half of 
its adult size by 2 years of age,5 there are high chances of recurrence 
of clubfoot deformity in this period.8 The importance of brace in the 
initial few years, therefore, cannot be underestimated.

In Ponseti’s study, adherent patients had a recurrence rate of 
7%, whereas non-adherent patients had a recurrence rate of 78%.8 
In several other series, recurrence in brace non-adherent patients 
is to the tune of 32–88%9,10 compared to 4–22%9,11 in adherent 
patients. Although the brace type, definition of recurrence, 
adherence, and bracing protocols is different in various studies,12 
there is almost a consensus that FAB is mandatory for prevention 
of recurrence.9,13–15

br Ac e de s I g n s 
In the “Hobble splint” design, Denis Browne explained the reason 
for attaching both legs to each other.6 One foot keeps the other 
in the abduction and external rotated position. Movements at the 
hip, knee and ankle are permitted. These movements and activities 
are necessary for the development of muscles and thus prevent a 
recurrence. The modified brace has inherent 10–15° dorsiflexion 
which also helps in stretching of gastrosoleus tendon. The clubfoot 
braces most commonly used today employ a similar construct 
regardless of manufacturer or setup specifications.

However, the bar in FAB makes the routine activities 
uncomfortable especially for older children and it thus results 
in non-adherence. To improve adherence, several modifications 
including removal of the bar (unilateral FAB/orthosis) have been 
developed and studied at some centers.

tyP e s o F br Ac e s 
Denis Browne Bar and Splint
Although the original description had different specifications, any 
brace with a central bar, with the provision of foot attachments 
in external rotation and dorsiflexion came to be known as Denis 

Browne bar. High topped boot/ankle foot orthosis (AFO)/Markell 
straight last shoes16 (http://www.markellshoe.com)/Mitchell 
clubfoot sandals17 (http://www.mdorthopaedics.com) could 
be attached to the Dennis Browne bar. Several variations and 
descriptions are therefore found for this splint (Fig. 2).

Steenbeek Brace
Developed by Michiel Steenbeek and David Okello using easily 
available local materials and tools, Steenbeek brace is a low cost 
brace.18 It costs <10 USD and therefore one of the widely used braces 
for clubfoot. It is used in many clubfoot programs run in developing 
countries of Africa and Asia, e.g., Uganda, Ethiopia, Malawi, Zambia, 
Tanzania, Rwanda, Haiti, Honduras, Paraguay, Laos, Kenya, Nepal, 
India, and Bangladesh (Fig. 3).

Mitchell Ponseti Brace
Also known as Ponseti™ FAB.17 It was developed to provide a softer, 
comfortable shoe alternative to improve compliance. The shoes are 
sandal type leather footwear with well molded soft thermoplastic 
elastomer liner to prevent slippage of the foot (Fig. 4). They have a 
quick-release mechanism for easy detachment of shoes from the 
bar which makes it easier to put on and remove them. These shoes 
are relatively costly.

Dobbs Splint
It features an articulated bar to allow the child to freely move both 
legs while maintaining feet in desired dorsiflexion and abduction.19 
The bar is length adjustable and has a quick-release mechanism in 
the middle. “Dobbs Bar” usually comes with an adjustable “dorsi 
assist spring” which allows spring resistance adjustment to keep 
feet permanently in dorsiflexion. These bars are compatible with 
Mitchell Ponseti shoes, Markell shoes, or custom-molded solid AFO 
(Fig. 5). Dobbs bar is promoted for increased parental satisfaction 
and compliance, however, it is costly.

Modified Braces
Flexible Bar
Kessler replaced Denis Browne bar with polypropylene flexible 
material which allowed the child to kick freely and plantarflex the 
ankle without pulling out the heel from the shoes (Fig. 6).20

Figs 1A and B: Diagrammatic illustration of the splint used by Denis Browne: (A) Hobble splint after application by “figure of 8” bandage; (B) Denis 
Browne splint with the attached bar
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Accordion Hinged Brace
Abdi et al. used accordion hinged bar instead of a rigid/articulated 
bar. This allowed unrestricted free leg movements. Both heels could 
be brought together due to this mechanism (Fig. 7).21

3D printable Brace
An open-source 3D printed brace has been developed. It provides 
independent leg movements while preserving the desired 
correction. It is made up of hard plastic and needs soft padding to 
prevent skin complications.22

Unilateral Braces
Several unilateral braces have also been tried for clubfoot. 
Some of them have been used as primary brace immediately 
postcorrection.23–26 At other times, their use has been endorsed 
for older children, those having adherence issues with standard 
FAB, or as follow-on braces after an initial standard bracing.27,28

Janicki et al. showed poor results with an ankle-foot orthosis 
(AFO). There was a high recurrence rate with a conventional 
AFO when compared to FAB for deformity maintenance in 
clubfoot.23 Solanki et al. modified the AFO using low-temperature 
thermoplastics and reported better results.24 Chen et al. used two 
different below-knee orthoses for clubfoot to ensure compliance 
and improved outcome. A nighttime forefoot abduction shoe (FAS) 
could possibly correct foot adduction and stretch medial structures 

and a daytime orthopedic shoe (OS) responsible for the correction 
of equinus and varus in a weight-bearing position.29 McCartney’s 
device was a dynamic foot brace permitting both inversion–
eversion and plantar flexion–dorsiflexion.30 However, this modular 
design had a high mechanical failure rate as well. Manousaki et al. 
utilized two separate braces for different ages.25 Both his dynamic 
knee ankle foot orthosis (KAFO) and AFO worked on the principle 
of positioning the foot in maximal external rotation relative to the 
tibia (Fig. 8). Knee ankle foot orthosis was used till 2 years of age 
and after that AFO was used. George’s brace consisted of a shoe, 
angled metal bar with an in-built dial, and thigh leg straps (Fig. 
9).27 The brace could abduct, external rotate, and dorsiflex the foot 
and kept the knee in flexion. Sætersdal et al. used an above-knee 
orthosis with a hinged ankle joint exerting both dorsal flexion and 
abduction forces on the foot (Fig. 10).26 Berger’s lower limb orthosis 
(LLO) (Fig. 11) was custom-made with resin, carbon, and an inner 
liner. This custom-made orthosis was made of resin and carbon, 
has three parts—a circular foot unit, lower leg unit, and inner liner 
to firmly support the heel.28

Bracing Duration
There is not enough clarity on the ideal bracing duration or precise 
duration of brace wear to prevent a recurrence.31 Recurrences 
are more common (90%) in the first 2 years after treatment and 
subsequently, they decrease with age because of decreased 

Figs 2A and B: Several variations of Denis Browne splint are used in clinical practice: (A) A modular variety with adjustable bar length and dial; 
(B) A static variety with fixed configurations

Fig. 3: Steenbeek brace, available in nine sizes (6–14) for foot sizes 6.5 to 
14 cm with standard lengths of the bar from 9.5 to 14 inches

Fig. 4: Mitchell Ponseti brace can be attached with either Ponseti™ Bar 
or “Dobbs Bar”. Different models are available—(1) Standard, (2) Toe slit, 
(3) Plantar flexion stop, (4) Plantar flexion stop/Toe slit. Both shoes and 
Ponseti™ Bar are available in different sizes
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growth of foot and are uncommon after the age of 5 years.5 
Ponseti observed a high recurrence rate (56%) when the brace was 
used for 2 years compared to 11% when it was used up to 4 years 
of age.9,12,32 Several other series have also reported a significant 
reduction in recurrence rates when brace use was extended till 3–4 
years of age.9,32 On a survivorship analysis, there was 15% rise of the 
probability of relapse between 2 years and 4 years age compared 
to only 7% increase between 4 years and 6 years of age which 
suggested that brace should be worn at least till 4–5 years of age.4

Daily hours of using brace are also variable among different 
studies.12 As a general statement, the brace should be worn for 
night/nap time for 4–5 years after full-time wear duration for an 
initial 3–4 months post correction. However, the sleep pattern 
of every child is different and also it varies according to age. 
Recommended sleep hours per day are more for younger ones.33 A 
recent sensor based study suggested a minimum 8 hours of brace 
wear per day to prevent a recurrence.34

Factors Affecting Adherence and Strategies to 
Improve it
Following factors are considered associated with non-
adherence:5,14,35

• Healthcare providers—Improper training and understanding of 
protocols/brace working, incomplete correction of deformity 
before application of brace.

Figs 5A and B: Dobbs Bar, available in adjustable sizes of small (6–9 inches) and regular (9–14 inches), (A) Dobbs bar with AFO type foot piece, (B) 
Dobbs bar with Mitchell Ponseti type sandals

Fig. 6: Brace with flexible bar

Fig. 7: Accordion hinged brace with no attached rigid bar

Figs 8A and B: Custom-made braces: (A) KAFO and (B) AFO
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• Healthcare receivers (includes parents)—Lower education, low 
income, anxiety, psychological, forceful use of brace despite the 
recurrence of deformity, disability stigma.

• Social and cultural—Poor accessibility of braces, communication 
gaps, lack of public insurance, unavailability of continuous 
medical care.

• Brace related—Poor fitting, skin problems, sporadic crying of 
an infant, sleep disturbance, etc.

To overcome these barriers, the following strategies have been 
suggested:

• Proper understanding of Ponseti technique and bracing 
protocols by healthcare providers. They are responsible for 
explaining the importance of brace adherence to the parents 
since starting the treatment. At each cast change, parents should 
be informed about the brace’s importance. Parents should be 

assured that the child may cry for a few initial days of brace 
application but it is not due to pain.

• Providing written instructions, educational material, internet 
sources (videos/authentic websites) to parents. Parents should 
fully understand the method of brace application before leaving 
the clinic.

• Complete correction of deformity before brace application and 
early identification of any relapse.

• Adequate padding of bar/metal pieces to avoid any injury to 
the child.

• Timely identification of any skin complications and its proper 
management.

• Availability of adequate stock of proper-sized brace.
• Proper communication and trust between parents and 

physicians. Resolve any issues related to brace adherence at 
each visit. A helpline number/easy contact with a physician/
counselor is preferred.

• Habit-forming. Application of brace every time the child naps to 
make bracing a necessary part of habit related to sleep.

• Promoting child’s movements with the brace on through kicking 
movements of legs.

• Parents should not be criticized for poor adherence, rather they 
should be encouraged/made partners in treatment to improve 
adherence to bracing protocol.

• Check for the pattern of shoe wear and tear to ensure adherence 
as reported by parents.

Challenges with Available Braces
Despite the availability of many braces, no brace design ensures 
100% adherence or avoids potential complications like sleep 
disturbance, skin problems (Fig. 12), etc. Since the child has to 
wear the brace for several years, the main issues with the brace are 
reported when the child grows older, becomes more mobile (esp. 
walking) and the deformity appears apparently corrected to parents. 
Steenbeek brace and other brace using Denis Browne bar are non-
articulated and hinder free kicking movements.3,5 This makes the 
child fussy and parents usually remove the shoes to make the child 
comfortable. Articulated braces supposedly provide more freedom 
to the child in movement and may ensure better compliance 
but their superiority over non-articulated braces in functionality 
terms is not evidenced.3,5 Moreover, they are costly and thus not 

Fig. 9: Unilateral foot abduction orthosis which maintains knee in 90° 
flexion. It has an in-built dial mechanism to keep foot abducted in 0° to 
70° and provide dorsiflexion from 10° to 15°

Fig. 10: Custom-made unilateral above knee orthosis with hinged 
ankle joint

Fig. 11: Lower limb orthosis based on principles of the calcaneus-
rotation-ring type orthosis and consists of a circular foot unit, a lower 
leg unit, and an inner liner. It keeps an external rotation of 20° and allows 
5° plantarflexion to 20° dorsiflexion
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accessible to all children or suitable for mass programs.31 Further, 
a brace with a quick-release mechanism for easy detachment of 
shoes from the bar may seem easier to use and potentially increase 
adherence but it is also prone to technical problems related to the 
release mechanism.35 The unilateral braces although may offer 
better adherence but are less effective and higher recurrence rates 
have been reported following their use.24,26,27 A comparative study 
reversed its perspective on the use of unilateral limb orthosis in 
favor of standard FAB on longer follow-up.26 Interestingly, there is 
a certain percentage of children where clubfoot will recur despite 
adherent bracing, whereas in some correction is maintained in 
long-term despite poor adherence.35,36

An ideal FAB should thus have the following characteristics:37

• Universal brace for different sizes of feet.
• Low cost.
• Child safety (non-toxic non-allergic material, devoid of heat 

radiation).
• User-friendly (ergonomic design, durable and lightweight, able 

to walk with braces).
• Skin-friendly (comfortable, well-padded linings and straps, 

smooth non-traumatic hardware).
• Detachable shoes.
• Adjustable bar length.
• Compliance monitoring sensors.

• Easy accessibility to all children all over the world/applicability 
in low-cost mass programs.

Way Forward
Clubfoot is a disease of masses. There is still limited accessibility 
to the braces where it is required most.38 Locally made braces 
can overcome the barrier of accessibility. The Steenbeek brace 
made of locally available material and low cost is one such step 
in this direction. Further, there are local and social barriers to FAB 
adherence. Non-profit organizations may play an important role 
in this factor by increasing awareness, educating, and ensuring 
accessibility of FAB to all children without delay, by widespread 
recycling of braces and establishing local production units.35,38

Several key researches have helped in our understanding of 
FAB use in clubfoot. Braces may need customization according to 
the ethnicity of children and socioeconomic factors.39 Accurate 
objective assessment of adherence rather than merely relying on 
parent’s statement, either by clinical methods like “leg hourglass 
sign” (in “early” brace wear period) (Fig. 13A) and orthotic wear sign 
(for “late” brace wear period)40 (Fig. 13B) or by advanced monitoring 
systems (pressure/thermal sensors, real-time sensors) like 
PADMAPADA© brace (Fig. 14) may play a crucial role in preventing 
recurrences.9,33,41,42 Newer unilateral braces are being marketed 

Fig. 12: Bilateral heel ulcers due to imperfect brace application

Figs 13A and B: (A) Hourglass constriction sign in early brace period; 
(B) Orthotic wear sign indicates good adherence with a brace in late 
brace period

Fig. 14: PADMAPADA© brace with inbuilt pressure sensors for proper 
monitoring of brace adherence. Hinges allow the child to move legs 
independently
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(Fig. 15) and boast to work on similar principles of standard FAB with 
bar.28 These may have better patient acceptance and compliance. 
Surrogate bio-models are now available which will help to better 
understand the functionality and dynamicity of brace.32 Previously, 
patient adherence and recurrence were the chief parameters to 
make comparison between braces. Quantitative methods to test 
the efficacy of bracing are now available.43,44

Daily bracing duration and the total duration of bracing have 
always been an active area of research. Knowing the adequate dose 
of brace will be cost-effective, provide more freedom for the child, 
and decrease the complications associated with longer duration 
of brace wear. Several studies have suggested that the brace wear 
should be tailored to the severity of assessment.45 Some children 
may need more casts and longer bracing durations while a shorter 
bracing period may be effective for others.45 Contrarily, it has been 
shown that a longer initial bracing period in corrected idiopathic 
clubfoot and longer night brace duration results in a reduction of 
the number of recurrences and better functional score.45,46 Newer 
sensor-based braces are contributing a great deal in finding the 
gaps between patient-reported and actual brace wear times. 
Results of the must-awaited prospective study “The Clubfoot Foot 
Abduction Brace Length of Treatment Study (FAB24)” may enlighten 
and provide data on the minimum duration of brace wear required 
to prevent relapse.31 Attempts are also underway to possibly get 
rid of brace altogether through extensive exercise programs47 or 
an early tendon transfer surgery.48

Whatever be the advances, it also becomes essential that future 
researches have robust study designs and methodology. There 
should be uniformity in the definition of deformity correction, 
recurrence, non-adherence, and bracing protocols to compare the 
results with various types of FAB.

co n c lu s I o n 
Although the Ponseti technique has revolutionized clubfoot 
treatment, the deformity correction needs maintenance for 
prolonged periods. The FAB is one of the reliable methods for 

achieving the same. Since the brace needs to be used for several 
years, potential issues such as patient adherence and recurrence 
are major challenges in clubfoot treatment.

Till further evidence is available regarding the shorter duration 
of bracing and the efficacy of newer designs, it is essential to stick 
to established bracing protocols and standard FABs to provide 
maximum benefit to patients. Strengthening health provider’s 
training, parental education and counseling, eliminating social 
barriers, and improving accessibility of affordable braces will help 
achieve the desired goal of minimum disability due to clubfoot.
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