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Eight-year Review of a Clubfoot Treatment Program in
PakistanWith Assessment of Outcomes Using the
Ponseti Technique: A Retrospective Study of 988
Patients (1,458Clubfeet)Aged0 to5YearsatEnrollment

ABSTRACT

Objective: To conduct an 8-year retrospective review of a clubfoot

treatment program using the Ponseti technique with close monitoring of

outcomes.

Methods: BetweenOctober 2011 andAugust 2019, 988 childrenwith

1,458 idiopathic clubfeetwere enrolled, ages ranging fromnewbornup

to 5 years. Ponseti treatment was used, and progress was monitored

by comparing mean Pirani scores at enrollment (P1), initiation of

bracing (P2), and end of treatment (P3) or most recent visit (P4) for

children under treatment.

Results: A statistically significant reduction in Pirani scores was noted

(P, 0.001) for all feet. For 320 feet completing treatment (213 children),

the mean Pirani scores reduced from P1: 3.8 (61.1) to P2: 1.1 (60.6)

and finally to P3: 0.6 (60.3). Four hundred sixteen children are currently

undergoing bracing. Higher education of the head of household and

male sex of the child weremarkedly associated with improved outcomes

in foot correction status. Correction was obtained with a mean of 5.8

casts per foot, the tenotomy rate was 68.2%, and the mean duration of

bracing in children completing treatment was 3.6 years (60.9). No

surgical correction, other than tenotomy, was required. Relapse was

noted in 12.1% of the total enrolled feet, and 32.0% children were lost to

follow-up from the entire cohort of 988 children.

Conclusion: Clubfoot treatment requires long-term follow-up. A

dedicated clubfoot program is effective inmaintaining continuity of care

by encouraging adherence to treatment.

G lobal incidence of clubfoot is 1.24 per 1,000 live births, demon-
strating prevalence in all six inhabited continents of the world.1-6 It is
the commonest musculoskeletal deformity and the seventh most
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common congenital birth defect.7 Clubfoot may be
associated with neuromuscular disease, syndromes, and
chromosomal or congenital abnormalities; however,
isolated clubfoot deformity in an otherwise normal child
is labeled idiopathic and has four components—equi-
nus, varus, adductus, and cavus.

Treatment of idiopathic clubfoot using the Ponseti
method is considered “gold standard” across theworld.2,8-10

Dr Ignacio Ponseti, an orthopaedic surgeon, pioneered this
nonsurgical method as a simple, inexpensive, easily adopted,
and applied outpatient technique for correction of club-
foot.11 Popularity of this method is steadily increasing, and
its judicious use has yielded excellent results, with surgical
correction rarely required.12 Orthopaedic societies in more
than 45 countries across the globe have endorsed Ponseti
treatment,8 and 113 of the 193 United Nations member
countries report some evidence of Ponseti activity.13 It is
important to note that low- and middle-income countries
(LMICs) are host to more than 90% of clubfoot cases. A
study in 2015 documented that only 15% of clubfoot cases
accessed Ponseti treatment14; therefore, a majority of
untreated or undertreated cases lead to neglected clubfoot
and consequent life-long disabilities contributing to the
health burden in developing countries. In Pakistan,
approximately 7,500 children are born with clubfoot every
year; this approximation is based on calculations using
World Bank figures for population and a crude birth rate.14

The poorly structured health delivery system translates into a
high percentage of these children being left untreated; this
has notable social and economic consequences in a pre-
dominantly agricultural, developing country where physical
labor is the main form of employment for the majority.

Stand-alone clubfoot programs managed by non-
surgeon clinical officers have been implemented; however,
lack of supplies and reliable referral service for surgery in
complicated cases were identified as main issues.15,16

Better outcomes were observed when clubfoot was
treated in dedicated Ponseti clinics embedded within
orthopaedic services, with lower recurrence rates and
prompt on-site referrals when required17; this is the
model that we adopted for our clubfoot program,
headquartered in the country’s largest city. Healthcare
access is a major barrier in low-resource settings15,18;
thus, it is vital to use the opportunity and provide the
required comprehensive care when children with
abnormalities present to a tertiary care facility. The
College of Physicians and Surgeons Pakistan recognizes
56 orthopaedic residency training programs based at
public and private tertiary hospitals across the country19;
this provides the opportunity to establish clubfoot clinics
within facility-based orthopaedic services with the added

advantage of training upcoming orthopaedic surgeons in
this method. Establishment of integrated programs con-
tributes to strengthening of health systems as compared
with vertical programs that tend to work in silos.15,16

This study aims to determine the effectiveness of the
Ponseti technique in children with idiopathic clubfoot
enrolled in the program by comparing the mean Pirani
scores of feet over the course of treatment. It also intends
to examine the association of factors with foot correction
status along with presenting the clinical outcomes of
those enrolled children who have completed the entire
course of treatment. In addition, the integral program
processes for the purpose of monitoring and evaluation
have been reviewed and presented.

Methods
Program Description
The “Pehla Qadam-PQ (First Step) Program” was initi-
ated in August 2011with a preliminary preparation phase
followed by commencement of a clubfoot treatment clinic
in October 2011, at The Indus Hospital (TIH), Karachi,
the flagship campus of the Indus Hospital & Health
Network (IHHN). When the program was in its nascent
phase, only children up to the age of 1 year were enrolled
for treatment. With passage of time, our referrals
increased by word of mouth and older children also
presented to our clinic with untreated clubfoot. To save
them from future disability, we gradually increased our
age limit for inclusion to 5 years.

IHHN provides all treatment free of cost; for children in
the PQ program, braces are also provided and a transport
allowance is offered to families to encourage adherence
during the long course of clubfoot treatment. Overall man-
agement of clubfoot patients using the Ponseti method in-
cludes case selection after accurate diagnosis, sequential cast
applications, Achilles tenotomy (if required), maintenance
bracing, periodic assessment to prevent relapse, managing
associated complications, and monitoring of outcomes. Pi-
rani scoring is used to determine the severity of clubfoot and
toaid in clinical decisionmaking.20 Ultimate objective of the
treatment is to help the child attain good clinical outcomes
allowing him to lead a normal life. After treatment com-
pletion, patients are followed up annually for 5 years.

Personnel and Training

The program team includes a coordinator responsible for
developing program tools, training health workers, ana-
lyzing data, and managing the program. Health workers
are responsible for counseling families, obtaining informed
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consent from caregivers, enrolling children, maintaining
photographic record, data collection, and entry. The clini-
cal team comprises orthopaedic surgeons and residents
from the Department of Orthopaedics at TIH who have
been trained in the Ponseti method; they screen children at
the initial visit, conduct Pirani scoring of their feet at each
subsequent visit, apply casts, conduct tenotomy, and assign
braces; aplaster technicianassists thedoctors duringplaster
application.

Program Tools

Brochures include information about clubfoot and the
PQ program, plaster care and removal, and handling of
braces. Standardized proformas are used to document
patient details and outcomes.

Clinic Routine

PQ outpatient clinic is conducted twice a week where
new patients are registered and returning patients are
assessed for progress.

Data Documentation

Demographic data are collected from each patient at the
time of enrollment. At each clinic visit, photographs are
obtained and Pirani scores recorded, which range from
0 to 6 in half-point intervals, where 0 is a normal foot and
6 is themost severe deformity.5,15,21 Data are entered on
the hospital database and in the International Clubfoot
Registry. Monthly reports are generated and analyzed.

Program Processes
Casting

Management consists of an initial “treatment phase”
involving gentle manipulation of the child’s foot at each
visit to stretch the ligaments and tendons followed by
plaster cast application in the new stretched position; this
routine is carried out weekly for 6 to 8 weeks. Plaster of
Paris casts are used in children younger than 3 years at
the time of presentation, whereas synthetic casts are
applied in older children for whom the Ponseti technique
has been modified by increasing the number of casts
required to achieve the desired correction (Pirani score
0 to 1) and by keeping each cast on for 2 weeks.20,22

Families are counseled to remove the Plaster of Paris cast
2 hours before the next appointment.23 This allows clinic
time to be used more efficiently. Synthetic casts are
removed in the clinic by the plaster technician.

Tenotomy

Based on the surgeon’s assessment, percutaneous
tenotomy to release the Achilles tendon may be con-

ducted as an outpatient procedure under local anes-
thesia. After tenotomy, the affected foot is placed in a
cast for 3 weeks in the fully corrected position before
initiating bracing.

Bracing

In the “maintenance phase,” children are provided with
braces, worn 23 hours a day for 2 to 3 months, followed
by night-time bracing until the age of 4 years. Children
are followed up in the clinic after 1 month of initiation
of braces and then every 3 months for 4 years. More
frequent visits may be scheduled for severe or poorly
compliant cases. The decision to discontinue bracing is
based on clinical judgment; in some cases, the duration
may be extended by a few months.21,24 Children older
than 1 year at enrollment are advised bracing for a
duration of at least 2 years.8,16 Daily exercises are
taught to the parents to help reduce foot rigidity.

Relapse

Appearance of cavus, adductus, varus, or equinus, de-
picted by worsening Pirani scores, is considered a
relapse.4,25 In such cases, manipulation and casting are
reinitiated followed by tenotomy, if needed.20

Loss to Follow-up

Families are counseled regularly to encourage treatment
adherence. If a patient misses an appointment, the health
worker calls the family on the same day to reschedule the
appointment. Failure to visit the clinic after three con-
secutive rescheduled appointments is labeled “lost to
follow-up,” which also includes families refusing to
continue treatment at any stage. Reasons for refusal are
documented, and if geographical distance is the deter-
mining barrier, efforts are made to direct the family to a
treatment facility closer to their residence. Non-
contactable families are also considered “lost to follow-
up.”

Completion of Treatment

All childrenundergoing the specifieddurationof treatment
resulting in notable improvement in clinical outcomes are
considered to have completed their treatment. These spe-
cific clinical parameters include cosmetic appearance,
flexibility, pain, position of the foot, squatting, walking
without a limp, running, wearing normal shoes, and car-
rying out daily activities with ease.

Study Description
The duration of this retrospective study is from October
2011 to August 2019.
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Patient Selection
Inclusion Criteria

(1) All children completing Ponseti treatment.
(2) Children completing casting and progressing to

braces (under treatment).

Exclusion Criteria

Children older than 5 years at enrollment, those with
syndromic associations, those still in the casting phase at
the study cutoff date, or those enrolled in our program
during the bracing phase of treatment are excluded from
this study (Figure 1).

Ethical Approval

Approvalwas grantedby the InstitutionalReviewBoardof
TIH.

Informed Consent

Informed consent was obtained from parents of all chil-
dren included in this study.

Outcome Assessment

For the purpose of this study, Pirani scores at three
points during treatment were noted to assess the effi-
cacy of the Ponseti technique—(P1) at enrollment, (P2)
at initiation of bracing, and (P3) at the end of treat-
ment or (P4) at the most recent clinic visit for children
under treatment. Patients completing full treatment
were assessed to see if their duration of treatment was
within the acceptable range described by Ponseti, that
is, “timely correction” or “delayed correction,” and
factors associated with foot correction status were
examined. Posttreatment clinical outcomes were also
recorded.

Figure 1

Flowchart showing a clubfoot treatment program in Pakistan, 2011 to 2019. PQ = Pehla Qadam, TIH = the Indus Hospital.
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Data Analysis
Data were analyzed using Stata version 14. Normality
was assessed for all the quantitative variables.Mean (SD)
and median (interquartile range) were reported for
quantitative variables as appropriate. All the categorical
variables were presented using frequencies and percen-
tages. Age categories were studied with mean cast num-
bers using one-way analysis of variance. Repeated
measures analysis of variance was used to assess the
effectiveness of the Ponseti method by comparing the
means of Pirani scores at the three specified time points.
Foot correction status of children with completed treat-
ment was categorized as “timely correction” and “de-
layed correction.” The chi square test was used to study
the association of different factors with correction sta-
tus. All tests were two-sided, and P values ,0.05 were
considered significant.

Results
During the study period, 2,787 children were brought to
the PQ clinic with suspected clubfoot. On initial screen-
ing (Figure 1), 909 were diagnosed with conditions other
than clubfoot (cerebral palsy, vertical talus, myelo-
meningocele, developmental dysplasia of the hip,
metatarsus adductus, spina bifida, genu varus, genu
valgus, and others), while 520 were assessed to be
normal; 41 children came from remote locations from
where frequent commute was not possible and 37 were
older than 5 years. Thus 1,280 children were consented
and enrolled in the program. The eligibility criteria for
this study were not met by 292 children; therefore, 988
children with 1,458 affected feet were included. Treat-
ment completion was achieved in 213 children (21.6%);
416 children (42.1%) are currently in the bracing phase,
316 children (32.0%) were lost to follow-up, 22 chil-
dren (2.2%) transferred care to another facility, and 21

Table 1. Demographics of Clubfoot Children Treated
With the Ponseti Technique in a Clubfoot Treatment
Program in Pakistan, 2011 to 2019

Variables n (%)

Total children (N = 988)

Children with completed treatment 213 (21.6)

Children in the bracing phase 775 (78.4)

Sex

Male 760 (76.9)

Female 228 (23.1)

Affected feet (total = 1,458)

Bilateral 470 (47.6)

Unilateral 518 (52.4)

Right 295

Left 223

Age at enrollment

0 to 3 mo 440 (44.5)

.3 mo to 1 yr 345 (34.9)

.1 yr to 5 yrs 203 (20.5)

Ethnicity

Muhajir 380 (38.5)

Sindhi 140 (14.2)

Punjabi 121 (12.2)

Pathan 97 (9.8)

Balochi 16 (1.6)

Others 234 (23.7)

Family history of clubfoot

First-degree relatives 71 (7.2)

Second-degree and third-degree relatives 151 (15.3)

None 766 (77.5)

Education status of the head of household

Not educated 309 (31.3)

3 to 10 yrs of education 458 (46.4)

.10 yrs of education 186 (18.8)

Informal education 30 (3.0)

Not known 5 (0.5)

Occupation of father

Skilled laborer 350 (35.4)

Laborer 284 (28.7)

Factory worker 223 (22.6)

Agriculture/fishery work 50 (5.1)

Unemployed 7 (0.7)

(continuedin next column)

Table 1. (continued )

Variables n (%)

Others 74 (7.5)

Source of referral

Word of mouth 686 (70.0)

Other hospitals 167 (16.9)

Indus Hospital: other departments 84 (7.9)

Advertisement/social media 29 (2.9)

Lady health worker/maternity home/
vaccinator

22 (2.2)
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children (2.1%) died while in the bracing phase because
of unrelated causes.

Demographic Data
Most of the children were male (n = 760, 76.9%) and
the age at enrollment ranged from 1 day to 54 months
(median = 3.5 months, interquartile range = 1.48
to 9.88 months); 44.5% of the enrolled children be-
longed to the 0 to 3 months age category (Table 1).
Approximately half of the enrolled children had uni-
lateral foot involvement (n = 518) with the right foot
affected in 295 cases and left in 223 cases. A family
history of clubfoot was elicited for 222 children, with
first-degree and second-degree or third-degree relatives
affected in 32.0% and 68.0%, respectively.

Pirani Scores
Of the 1,458 feet, more than half presented with a Pirani
score (P1) between 3.5 and 5.0 (Figure 2). Mean Pirani
scores for feet completing treatment and those pro-
gressing to braces are summarized in Table 2. Among
the feet completing treatment, a significant reduction
(P , 0.001) in mean Pirani scores was noted from P1:
3.8 (61.1), to P2: 1.1 (60.6) and finally to P3: 0.6
(60.3). Furthermore, a statistically significant reduction
in mean Pirani scores was also noted for feet still under
treatment.

Casting, Tenotomies, and Bracing
Correctionwas obtainedwith ameanof 5.8 casts per foot
(63.8), with most (89.7%) corrected with 10 casts or

Figure 2

Graph showing the Pirani score of clubfeet at the time of enrollment in a clubfoot program in Pakistan, 2011 to 2019.

Table 2. Pirani Scores (PS) in Enrolled Feet During the Course of Ponseti Treatment in a Clubfoot Program in
Pakistan, 2011 to 2019

Category 1: Feet Completing Treatment

No. of Feet P1 P2 P3 P Valuea

Total feet (n = 320) 3.8 6 1.1 1.1 6 0.6 0.6 6 0.3 ,0.001

Right foot (n = 174) 3.8 6 1.1 1.1 6 0.6 0.5 6 0.3 ,0.001

Left foot (n = 146) 3.9 6 1.2 1.2 6 0.6 0.6 6 0.3 ,0.001

Category 2: Feet Under Treatment (Progressing to Braces)

No. of Feet P1 P2 P4 P Valuea

Total feet (n = 1,138) 3.7 6 1.2 1.1 6 0.5 0.8 6 0.5 ,0.001

Right foot (n = 591) 3.7 6 1.2 1.0 6 0.5 0.8 6 0.5 ,0.001

Left foot (n = 547) 3.8 6 1.2 1.1 6 0.5 0.8 6 0.6 ,0.001

P1 = mean PS at the start of treatment, P2 = mean PS at the start of bracing, P3 = mean PS at the end of treatment, P4 = mean PS at the most
recent clinic visit
Data are presented as mean 6 SD.
aRepeated measures analysis of variance.
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less. Of the 150 feet that required more than 10 casts,
87 were rigid, whereas treatment was interrupted in 63
feet leading to higher cast numbers. A significantly
higher mean number of casts (P , 0.001) were seen in
children older than 1 year (7.2, 65.0) as compared
with those of age 0 to 3 months (5.3, 63.2)
and.3 months to 1 year (5.6,63.5). Tenotomies were
conducted in 995 feet (68.2%), with a single proce-
dure done in 939 feet and repeat tenotomies (up to 3)
required in 56 feet, with no reported complications.
No surgical correction, other than tenotomy, was re-
quired in our cohort. The mean duration of bracing
for 213 children who completed treatment was 3.6
years (60.9). Table 3 summarizes the mean treatment
duration of different age categories in the treated
cohort, and it can be noted that the mean duration of
treatment is comparatively less (3.3, 61.0) for older
children. No association was seen between the number
of casts and the brace duration (P = 0.31).

Relapse
Relapse during the bracing phase was noted in 177 feet
(12.1%), and in these cases, casting was reinitiated. Of
these, multiple relapses were seen in 27 feet (twice in 26
feet and thrice in one foot).

Loss to Follow-up
Initially, 528 children (53.4%) were assessed to fall in
the category of “lost to follow-up,” of which 212
children were retrieved through active contact and
counseling by PQ health workers, whereas final loss to
follow-up was documented in 32.0% children (n =
316). Of the 316 children lost to follow-up, most of
them (63.9%) occurred during the first year of bracing
followed by 23.7%, 10.1%, and 2.2% in the second,
third, and fourth or fifth years, respectively (Figure 3).
The commonest reason given was relocation of family
to another city (n = 111, 35.1%), followed by refusal to
continue treatment (n = 51, 16.1%) and domestic is-
sues (n = 8, 2.5%). The remaining (n = 146, 46.2%)
were not contactable, so the reason remains unknown.
A mortality rate of 2.1% (n = 21) was documented,
with reasons reported by parents in 20 children:
respiratory causes (n = 7), febrile convulsions (n = 6),
acute diarrhea (n = 4), and drowning, head injury, and
hydrocephalus (1 each).

Factors Affecting Correction Status in
Children Completing Ponseti Treatment
Of 213 children completing treatment, 177 (83.1%)
achieved timely correction, whereas correction was

Table 3. Mean Brace and Treatment Duration of Different Age Categories in the Treated Cohort in a Clubfoot
Program in Pakistan, 2011 to 2019

Age Categories No. of Children, n (%) Brace Duration (yrs), Mean (SD) Treatment Duration (yrs), Mean (SD)

0 to 3 mo 94 (44.1) 3.9 (0.7) 4.6 (0.9)

.3 mo to 1 yr 71 (33.3) 3.8 (0.7) 4.4 (0.8)

.1 yr to 5 yrs 48 (22.5) 2.8 (1.0) 3.3 (1.0)

Total 213 (100) 3.6 (0.9) 4.2 (1.0)

Figure 3

Graph showing loss to follow-up during the bracing phase in a clubfoot program in Pakistan, 2011 to 2019.
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delayed in 36 children. Reasons for delayed correction
include interruption in treatment in 31 children, poor
compliance in 3 children, and 2 children had rigid feet.
“Education of the head of household” and “sex of the
child” were found to be significantly associated with the
foot correction status (Table 4).

Clinical Outcomes in Treated Children
All children who completed the Ponseti treatment
demonstrated notable improvement in all the clinical
parameters mentioned earlier.

Discussion
We present the largest, single-facility series of clubfoot
patients systematically followed up in an LMIC setting
where data were collected with strict compliance to
program guidelines. This provides us with a unique
opportunity to analyze and present findings from a
resource-limited setting with rigorous standards of data
compilation.

The age at initiation of casting is a key factor in the
success of the treatment; although casting can be initiated
as early as the age of 1 week, good results are generally
also seen when started before 2 years.2,18,26,27 However,
the Ponseti method has also been used to manage older
children, even those with neglected or rigid clubfoot,
with good outcomes by increasing the number and

Table 4. Association of Foot Correction Status With
Independent Variables in Children Completing Ponseti
Treatment (n = 213) in a Clubfoot Treatment Program in
Pakistan, 2011 to 2019

Independent
Variable

Timely
Correction,

n (%)

Delayed
Correction,

n (%)
P

Valuea

Sex

Male 137 (86.7) 21 (13.3)
0.02b

Female 40 (72.7) 15 (27.3)

Age of children at enrollment

0 to 3 mo 74 (78.7) 20 (21.3)

0.31.3 mo to 1 yr 61 (85.9) 10 (14.1)

.1 yr to 5 yrs 42 (87.5) 6 (12.5)

Ethnicity

Muhajir 84 (86.6) 13 (13.4)

0.54

Sindhi 22 (73.3) 8 (26.7)

Punjabi 17 (80.9) 4 (19.1)

Pathan 21 (87.5) 3 (12.5)

Balochi 2 (100.0) 0 (0.0)

Others 31 (79.5) 8 (20.5)

Family history of clubfoot

First-degree
relatives

10 (71.4) 4 (28.6)

0.46
Second-degree
and third-degree
relatives

13 (86.7) 2 (13.3)

None 154 (83.7) 30 (16.3)

Education status of the head of household

Uneducated 37 (72.6) 14 (27.4)

0.05b

3 to 10 yrs of
education

92 (83.6) 18 (16.4)

.10 yrs of
education

38 (90.5) 4 (9.5)

Informal
education

10 (100.0) 0 (0.0)

Occupation of father

Skilled laborer 98 (83.8) 19 (16.2)

0.79

Laborer 27 (87.1) 4 (12.9)

Factory worker 33 (82.5) 7 (17.5)

Agriculture/
fishery work

6 (66.7) 3 (33.3)

Unemployed 1 (100.0) 0 (0.0)

Others 12 (80.0) 3 (20.0)

(continuedin next column)

Table 4. (continued )

Independent
Variable

Timely
Correction,

n (%)

Delayed
Correction,

n (%)
P

Valuea

Source of referral

Word of mouth 126 (85.7) 21 (14.3)

0.47

Other hospital 26 (78.8) 7 (21.2)

Indus Hospital 11 (68.8) 5 (31.2)

Advertisement/
social media

10 (83.3) 2 (16.7)

Lady health
worker/maternity
home/vaccinator

4 (80.0) 1 (20.0)

Affected foot

Unilateral 85 (80.2) 21 (19.8)
0.26

Bilateral 92 (86.0) 15 (14.0)

aChi square test.
bP value # 0.05.
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duration of casts.6,22,28,29 Ayana et al20 demonstrated
successful clubfoot correction in children from the age of
2 to 10 years, reporting a correlation between age and
an increasing number of casts. We report similar find-
ings from our cohort; although initial successful cor-
rection was achieved for all affected feet with a mean of
5.8 casts per foot, a markedly higher mean number of
casts were required in children older than 1 year. This
decreases the need for surgical correction, as reflected by
the fact that none of our treated children required any
surgeries, apart from tenotomy and has also been
reported by others.20,29 An upper age limit for using the
Ponseti method remains to be determined.5,6

Achilles tenotomy rates range widely from 37% to
97%.4,15,29-31 In our study, tenotomy was required in
68.2% feet; a small number of feet required redo te-
notomies, mainly to address relapse. Failure to ade-
quately divide the tendon may explain the need for redo
tenotomy. Although complications have historically
been reported,4,31,32 none occurred in our considerably
large patient population.

The real challenge remains ensuring adherence to
treatment during the long duration of bracing, which
allows the correction to be maintained. Clubfoot has a
stubborn tendency to recur if bracing is inadequate, even
after achieving perfect initial correction through casting
with orwithout tenotomy.11,24 Because correction of the
deformity is visible to the parents, they tend to think that
their battle is over. Noncompliance to braces remains
the commonest cause of relapse,6,24,33 with rates rang-
ing from 13.7% to 28%.25,34,35 Our relapse rate of
11.7% was attributable to either poor compliance or
rigid feet. Effective counseling and guidance of parents,
regular contact with the family to encourage timely
follow-up, uninterrupted supply of treatment materials,
and encouraging interaction between parent groups
were critical factors in promoting adherence to treat-
ment and early identification of relapse.18

Among the age categories of children completing Pon-
seti treatment, the oldest age group had the shortest mean
treatment duration, which could be explained by the fact
that children enrolled at an older age required shorter
brace duration, a fact supported by the literature.8

Regular follow-up over a period of several years is
difficult, especially in low-resource settings where health
systems are weak. Therefore, many studies are unable to
report long-term outcomes conclusively,1,5,21,36 with
reported loss to follow-up rates ranging between 0%
and 32% in cohorts ranging from 17 to 307 pa-
tients.15,28,37 In our series of almost a thousand children,
we initially encountered a very high loss to follow-up

rate of more than 50%; however, with stringent pro-
grammatic guidelines of following up patients through
phone calls and subsequent counseling, we were able to
retrieve 40.2% of them. This highlights the importance
of active involvement of the program team with parents,
which influenced their decision to continue treatment.
However, 32.0% of the enrolled children were still lost
to follow-up, with most of them dropping out of the
program in the first year of bracing. Therefore,
increased focus on parental engagement in the initial
few months of treatment may help improve adherence.
Nearly half of the children lost to follow-up were not
contactable, possibly because of change in mobile
numbers. Therefore, even a simple strategy such as
documenting two contact numbers instead of one may
help mitigate this issue; this change was made in our
program strategy toward the latter half of the study
period. Relocation during the treatment period was
cited as the reason for discontinuation of treatment,
which could be addressed by a coordinated referral
system, allowing children to receive treatment as close to
home as possible. In this context, we have already es-
tablished PQ clinics at other IHHN sites across Pakistan
and hope that this will have a positive effect on treat-
ment adherence.

Timely correctionwas achieved inmore than four-fifths
of the children completing Ponseti treatment. This success
can be attributed to the rigorous program processes being
followed efficiently by the program team, offering support
and prompting early intervention and guidance to the
parents in case of default. Conversely, interruption in
treatment was identified as the major cause for delayed
correction. Education of fatherswas found to bemarkedly
associated with the foot correction status, showing a pos-
itive relationship between the number of children achiev-
ing timely correction and the literacy level of the head of
household. Literate parents have better understanding of
the consequences of treatment failure, and their awareness
leads to better compliance. In addition, male sex was also
found to have a positive association with foot correction;
however, this could simply be attributed tomen enrolled in
the programoutnumberingwomen by threefold. It reflects
themale sexprevalenceof clubfoot globally, andwedonot
think that this represents a gender bias in seeking
treatment.1

The Ponseti method is described to have a success rate
of 90% to 95% in both short and long terms6,24,37,38;
Morcuende et al29 reported a 98% success rate in
clubfoot correction, whereas in our series, successful
initial correction was achieved in 100% of the enrolled
feet.
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Strengths of this study include its large sample size,
low relapse rate, strategies to recover patients from those
lost to follow-up, absence of need for surgical correction,
and excellent clinical outcomes in all treated children.

Threats to internal validity in this study include
interobserver and intraobserver reliability because of the
subjective nature of Pirani scoring.39,40 Because our
program is donor-funded, it may not be generalizable or
replicable in other resource-limited settings. In partic-
ular, good quality braces have been difficult to procure
in many LMIC settings. Finally, attrition was notable in
our study for reasons already described and needs to be
addressed further.

Clubfoot treatment requires long-term follow-up to
achieve good outcomes. A dedicated clubfoot program
embedded within an orthopaedic service is effective in
maintaining continuity of care and adherence to
treatment.
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