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Purpose: Although many short-term studies have shown the superiority of Ponseti treatment
to surgical treatment, studies with long-term follow-up of patients into adolescence are
lacking. The aim of this study was to compare the morphological, functional and radiological
results of the two methods into and during adolescent age, when both soft tissue and bony
procedures can be performed to correct residual deformities.

Patients and Methods: We retrospectively evaluated two groups of patients diagnosed
with congenital idiopathic clubfoot and treated with either the Ponseti method (34 clubfeet)
and surgery in the form of posteromedial release (31 clubfeet). All included clubfeet were
clinically fully corrected after initial treatment and final plaster removal. Evaluation was
performed with the International Clubfoot Study Group (ICFSG) score.

Results: The age at follow-up was 12.8+1.6 years in the Ponseti group and 13.5+1.7 years in
the surgical group. Excellent or good results were obtained in 26 feet (76%) of the Ponseti
group and in 14 feet (45%) in the surgical group. The Ponseti treatment was significantly
superior to posteromedial release in terms of the final score (10.58+6.49 versus 17.26+8.83,
p<0.001), functional score (p<0.001) and radiological score (p<0.001). Residual deformities
were clinically present in both groups but were less frequent and less severe in Ponseti-
treated patients. Flat-top talus was found to be present in both groups, but the Ponseti method
was more protective than surgical treatment against this outcome (relative risk=0.494,
p=0.002). The overall foot and ankle mobility was significantly better in the Ponseti group
(p<0.001).

Conclusion: The Ponseti method was superior to surgery for treatment of clubfoot and
achieved better long-term morphological, functional and radiological results. It preserves
better mobility of the foot and ankle, and results in less frequent and less severe residual
deformities than surgical treatment.

Keywords: residual deformities, relapse, ICFSG score, adductus, calcaneocuboid, flat-top
talus

Introduction

Congenital idiopathic clubfoot is a common congenital malformation, with a reported
incidence of 1-7%o.'* Although the pathological modifications present in clubfeet have
been extensively described, and many etiological hypotheses have been proposed, its
etiology remains unknown.” This complex three-dimensional malformation is charac-
terized by the presence of four deformities: equinus, varus, adductus and cavus. The
purpose of any treatment, regardless of its nature, is to achieve a pain-free, functional,
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plantigrade foot. In the past, surgical treatment was the pre-
ferred method, and has been found to achieve good or satis-
factory short-term results.*> In most cases, surgery is
preceded by various forms of conservative therapy involving
different massage, stretching, manipulation and immobiliza-
tion techniques to correct the deformities. If different manip-
ulation protocols do not completely correct the deformities,
surgical interventions in the form of posteromedial release
(PMR) or complete subtalar release are often necessary. The
Ponseti method has become the gold standard, owing to its
high correction rate and minimally invasive nature.®’
Although superior outcomes have been reported with the
Ponseti method on the short-term as well as in adults, long-
term studies with follow-up into adolescence are lacking. We
believe that evaluation of results during the intermediary age
of adolescence may be helpful in understanding how the
residual deformities and function of treated clubfeet evolve
and also in improving the results in adulthood. There is also
disparity between different scoring systems employed to
evaluate clubfeet, which represents one of the reasons we
chose the ICFSG score proposed by Bensahel to serve as
a common language of evaluating clubfeet.® The purpose of
this retrospective study was to compare the long-term results
of clubfeet treated in our clinic surgically with the PMR
technique or conservatively with the Ponseti method.

Patients and Methods

We conducted a retrospective study on patients diagnosed
with congenital idiopathic clubfoot who underwent either
surgical treatment or conservative treatment with the
method in the
Department of Rehabilitation Clinical Hospital Cluj-

Ponseti Orthopedics-Traumatology
Napoca during 2003-2009, when our clinic was transition-
ing from surgical treatment to the conservative Ponseti
treatment, and both methods were still used. After obtaining
approval from the hospital’s institutional review board
(approval number 6/2019), we identified all patients diag-
nosed with congenital idiopathic clubfoot in the hospital’s
medical records and sent them invitations to participate in
the study. Patients with syndromic and neuromuscular club-
feet, and patients who were initially treated in other hospi-
tals and subsequently referred to our hospital were
excluded. A total of 47 patients meeting our inclusion
criteria were included after their legal guardians signed
informed consent forms. The research was conducted in
accordance with the Declaration of Helsinki. During the
period of 2003-2009, one of the authors (DEV) performed
surgery in all patients with clubfeet presenting to our clinic

who did not respond to manipulative treatment, while
another author (DIC) applied the Ponseti method exclu-
sively. Patients were divided in two groups according to
the treatment received.

The first group comprised 24 patients with 34 clubfeet,
who underwent treatment with the Ponseti method.” The
mean age at treatment initiation was 2.8+1.5 months.
A percutaneous Achilles tenotomy (pAT) was performed in
31 feet (91%) after correction of the cavus, adductus and
varus deformities. Complete correction of the four deformi-
ties was initially achieved in all feet. After completion of the
correction phase, patients were prescribed foot ankle abduc-
tion orthoses (FAO) and their parents were instructed to
wear them according to the Ponseti protocol: 23 hours/day
during the first 3 months and 16 hours/day during nighttime
and naptime for the following 3 years.

The surgical group comprised 23 patients with 31
feet. These patients were initially managed conserva-
tively with the manipulation and immobilization method
described by Kite.'” When the results of this manipula-
tive treatment reached a plateau, the residual deformities
in these clubfeet were corrected with the PMR technique
described by Turco.'' The mean age at surgery was 11.2
+2.6 months. Postoperatively, all feet were immobilized
in long leg plaster casts for 8 weeks. The plaster casts
were routinely changed after the first 2 weeks to monitor
postoperative wound healing. After the last plaster
removal, customized FAO were used during naptime
and nighttime for the following 2 years. Complete intrao-
perative correction was achieved in all feet according to
the operative records.

As the Mitchell-Ponseti brace was not available in our
country at the time of treatment, patients in both groups wore
the same type of customized FAO, which had a similar
design with the Steenbeek brace and maintained the treated
clubfeet in 60°-70° external rotation and 10°-15° of dorsi-
flexion. In unilateral cases, the unaffected foot was held in
30°-40° of external rotation and 10°-15° of dorsiflexion.

Until follow-up, clubfeet recurred in 11 feet (32%) in
the Ponseti group and was treated by plaster casts and
additional surgery when necessary, whereas 13 feet
(42%) in the surgical group underwent additional surgeries
for correction of recurrence (Figure 1).

Patients included in the study were assessed with the
International Clubfoot Study Group (ICFSG) score, which
was developed to provide a common language for the exam-
ination of clubfeet and comprises a complex morphological,
functional and radiological evaluation of clubfeet.® The final
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score is the sum of the number of points obtained at each
evaluation. Thus, treatment results can be classified into excel-
lent (0-5), good (6-15), fair (16-30) or poor (>30). In addition
to this score, radiological calcaneocuboid deformity was
graded according to the classification proposed by
Thometz."* Dorsiflexion-plantar flexion, varus-valgus motion
of the heel and supination-pronation of the forefoot were

measured with a fluid level goniometer.

Statistical Analysis

Statistical analysis was performed in the IBM SPSS V25
program. The normality of distribution of quantitative
variables was tested with the Kolmogorov—Smirnov test.
Non-parametric (Mann—Whitney U-test) and parametric
(Student’s ¢-test and chi-square test) tests were used for
data analysis, and p < 0.05 was considered the threshold
for significance. Data linearity was determined with the
Spearman correlation coefficient (rg). Quantitative vari-
ables were expressed as means and standard deviations.

Results
Forty-seven patients with a total of 65 clubfeet were
included in the study (24 patients and 34 feet in the
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Figure | Revision surgery in both groups.
Note: Some feet underwent more than one procedure.
Abbreviation: TATT, tibialis anterior tendon transfer.
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Ponseti group, and 23 patients with a total 31 feet formed
the surgical group). The male to female ratio was 1.18 in
the Ponseti group and 1.55 in the surgical group. In
patients treated with the Ponseti method, clubfoot was
unilateral in 14 feet (41%), whereas in surgically treated
patients, 15 feet (48%) had unilateral clubfoot. The mean
age at follow-up was 12.8£1.6 years in the Ponseti group
and 13.5 years£1.7 years for the surgical group (Table 1).
The mean final score was 10.58+6.49 for the Ponseti
group and 17.26+8.79 for the surgical group, and the differ-
ence was statistically significant (p<0.001). The age at treat-
ment initialization did not influence the final results of the
two groups (p>0.05). A positive correlation was found
between the morphological and functional (rs=0.456,
p<0.01), morphological and radiological (rs=0.688,
p<0.01), and functional and radiological (r;=0.620, p<0.01)
scores. Table 2 illustrates the distribution of the results.
The difference between the morphological scores
obtained in the Ponseti group (3.26+2.14) and the surgical
group (4.16£2.34) was not
(p=0.128). Residual deformities, single or in association,

statistically significant

were present in both groups, and were more frequent in the
surgical group (Table 3). Adduction was the most common
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Table | Demographic Data of Study Population

Table 4 Significantly Better Range of Motion in Clubfeet Treated

. . with the Ponseti Method
Ponseti Group Surgical Group
. Range of Motion Ponseti Surgical Significance
Number of patients 24 23
Group Group
Number of feet 34 31
Male/female 13/11 14/9 Mean (£ | Mean (%
Unilateral 14 I5 SD) SD)
Mean age at follow-up 12.8%1.6 13.5¢1.7 .
Dorsiflexion-plantar 42.08 27.64 p<0.01
flexion 12.55 13.09

Table 2 Distributi f the Results in Both G E di Varus-valgus motion of | 28.38 + 20.09 + p<0.01

Na eb 1:s;:rl utlodn; the Results in Both Groups Expressed in the heel 6.48 767
umber of Feet and Percentages Supination-pronation of | 43.5 + 2577 + p<0.01
Result Ponseti Group Surgical Group the forefoot 11.44 5.8l
Excellent 8 (23.53%) I (3.23%)
Good 18 (52.94%) 13 (41.94%)
Fair 7 (20.59%) 12 (38.71%) top talus was also associated with the type of treatment:
P 1 (2.94% 5 (16.13% . . .
°or ( ) ( ) Ponseti treatment, compared with the surgical treatment,

deformity in both populations (13 feet, or 38% in the
Ponseti group, and 13 feet, or 42% in the surgical
group). The morphological ICFSG scale classification of
adduction was grade II in three feet (9%) in the Ponseti
group and six feet (19%) in the surgical group. In both
groups, a significant correlation was observed between the
presence of adduction and calcaneocuboid radiological
misalignment (r;=0.696, p=0.000 in the Ponseti group and
1:=0.859, p=0.000 in the surgical group). Despite the
described correlation, isolated grade I calcaneocuboid
joint deformity without clinically present adductus was
observed in 12% of all feet included in this study.
Residual cavus was present in 11 feet (32%) in the
Ponseti group (and was moderate in 64% of those 11),
whereas 15 surgically treated feet (48%) had this defor-
mity (which was moderate in 40% of those 15). Equinus
was moderate in all Ponseti-treated clubfeet with this
deformity. A total of 32% of the surgically treated clubfeet
had this deformity (which was severe in 30% of these
feet). Recurrence of all four deformities was observed in
three surgically treated clubfeet (10%) and in one foot
treated with the Ponseti method (3%). The presence of flat-

Table 3 Distribution of Residual Deformities in Both Groups

Deformity Ponseti Group Surgical Group
Adduction 13(38%) 13(42%)

Cavus 11(32%) 15(48%)

Equinus 5(15%) 10(32%)

Varus 2(6%) 9(29%)

Notes: A foot may present more than one deformity.

was found to be protective against the development of flat-
top talus compared to the surgical treatment (relative
risk=0.494, p=0.002). In contrast, the surgical treatment
was associated with a two-fold greater risk of inducing
flat-top talus than the conservative treatment (relative
risk=2.025, p=0.001).

We found a statistically significant difference between
the functional and radiological scores for the surgical
group (7.7£4.98, 5.38+2.74) and Ponseti group (7.83
+3.13, 3.41+2.43) in favor of the latter (p<0.001).

Overall dorsiflexion-plantar flexion, varus-valgus motion
of the heel and supination-pronation of the forefoot were also
significantly better in the Ponseti group (Table 4).

Discussion

We preferred to use the ICFSG score because it considers
the morphological, functional and radiological aspects of
clubfeet, it does not excessively rely on subjectivity for
each patient and it has good intraobserver and interobser-
ver reliability."* Although the clubfeet were evaluated with
the original score, we believe that a slight modification to
the functional score would be appropriate to give pain
during daily activity greater weigh than pain during sports.
To our knowledge, only few studies have compared the
long-term results of surgical and conservative treatment by
using the ICFSG score, but other studies using different
evaluation parameters and scores have reported superior
results in favor of the Ponseti method.'* ' In a longer-
term follow-up study of patients into adult age, using the
ICFSG score as assessment tool, Smith has reported simi-
lar outcomes in patients treated with the Ponseti method
(good or excellent results in 80% of the feet, and fair or
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poor results in 20% of the feet). However, better results
were achieved with the complete subtalar release in the
surgical group (good or excellent results in 60% of the
feet, and fair or poor results in 40% of the feet).'”
Although a satisfactory result is not necessarily a bad
result, we were disappointed with the percentage of satis-
factory and poor results after PMR (55%).

Although we did not find a statistically significant differ-
ence between the morphological scores, the residual clinical
deformities were less frequent and less severe in patients
treated with Ponseti method. We did however observe
a greater proportion of forefoot adduction (38%) and cavus
deformities (32%) among patients treated with the Ponseti
method in comparison to other published results.'®'* An
explanation for the increased frequency of these deformities
lies in the fact that the learning curve of the correction phase
might not have been completed at the time of treatment.
Adduction, which was moderate in most feet in this group,
was the most frequent deviation and showed a good correla-
tion with calcaneocuboid joint deformity. The radiological
presence of this radiological deformity without associated
clinical adduction can be partly explained by the abnormal
development of the calcaneocuboid joint, owing to the intrin-
sic pathology of clubfoot in both groups. Another possible
explanation may be that counterpressure was simultaneously
applied both on the neck of the talus and the calcaneocuboid
joint in the same time, thus pushing the cuboid medially.
Nevertheless, we consider that clinical correction of cavus
and adductus deformities are easier to achieve than correction
of varus and equinus deformities and therefore we believe that
the management of clubfeet during the maintenance phase
might have also contributed to this aspect. During the time
interval when the clubfeet were treated, we used a customized
FAO to maintain correction of the clubfeet because the
Mitchell brace was not available in our country. Even though
the feet were held in 60°-70° of adduction and 10°-15° of
dorsiflexion, those orthoses were more rigid and less well
adapted to the children’s feet, possibly leading to a decreased
compliance rate and an increased recurrence rate. Although
many authors investigated the relapses and residual deformi-
ties of treated clubfeet, the method of clinical assessment of
adduction and cavus deformity is not frequently described and
interobserver reproducibility regarding the morphological
variables exists. This statement is supported by the research
conducted by Munshi, who reported an excellent interobserver
agreement for the assessment of varus and equinus deformity,
moderate agreement for forefoot adduction and equinus and
poor interobserver agreement for the assessment of forefoot

inversion.”’ Laaveg reported a mean value of forefoot adduc-
tion of 2.8° in 104 clubfeet treated with the Ponseti method in
a long-term follow-up study (less than 5° in 97 feet, more than
5°in 7 feet).?! Satersdal found a mean foot adduction of 4° in
160 clubfeet treated with the Ponseti method and followed-up
for 8—11 years."> According to the ICFSG score, we consid-
ered adduction moderate when the forefoot was deviated
medially less than 10° degrees, and severe when the medial
deviation of the forefoot was greater than 10°. Cavus repre-
sents the increase of the longitudinal medial arch of the foot
and in clubfeet, it results due to the plantar flexion of the first
metatarsal. Depending on the position of the patient during
clinical examination, the medial arch might also appear dif-
ferently. For instance, if the patient is standing, the longitudinal
medial arch may flatten, but it can also increase with extension
of the metacarpophalangeal (MTP) joints.”> In case of the
ICFSG score, cavus deformity is evaluated with the foot
dorsiflexed and depending on the appearance of the medial
longitudinal arch it can be rated moderate or severe. This
method is subjective and might have contributed to the
increased rate of cavus deformities reported in this study,
particularly if there is some degree of associated extension of
the first MTP joint during ankle dorsiflexion. Interestingly,
Reimers described a gradual increase of the longitudinal med-
ial arch during growth and reported that approximately 7% of
the adolescents evaluated in his study had a high-arched foot.**
We do not consider that this proportion of high-arched feet in
healthy adolescents explains the percentage of 32% residual
cavus deformity, but we believe that the tendency of the foot
arch to increase might gradually aggravate an underlying
cavus deformity that was not detectable during the clinical
evaluations that were periodically performed during mainte-
nance phase. Since we were on the learning curve and the feet
were evaluated with the Pirani score after the correction phase,
according to which cavus is graded by taking into considera-
tion the creases on the medial aspect of the foot, we believe
that some relapsing cavus deformities might have remained
undetected.”* In the surgical group, slight radiological under-
correction of the calcaneocuboid joint might still have been
present during surgery, although the lateral border of the foot
appeared clinically straight. We agree with Thometz who
suggested that this radiological parameter is closely related
to the adduction deviation of the forefoot.'? In addition, studies
have shown that other radiological angles used to measure
adduction in clubfeet (talo-first metatarsal angle and calcaneo-
fifth metatarsal angle) have a high variance of their values and
do not always have a statistically significant correlation with
this deformity.'®>?° An important difference was observed in
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the case of varus deformity, which the Ponseti method was
more efficient in correction and prevention. Other studies
investigating long-term surgical results in clubfeet have
reported similar percentages of varus, after both posteromedial
release surgery and comprehensive release surgery.’’=®
Interestingly, Docquier, who has found residual varus in 40%
of the clubfeet treated by PMR which were evaluated in
patients at a mean age of 21 years and 6 months, has stated
that slight deformity appears to bell well tolerated, as com-
pared with valgus overcorrection, which is more frequently
produced by resecting the interosseous talocalcaneal ligament
during complete subtalar releases.’*?° In a 5- to 12-year
follow-up study, Ponseti also observed a slight persistent
varus in 11% of clubfeet treated with his method but he did
not consider treatment necessary in those cases.>' In contrast,
residual equinus, which was more frequent and more severe in
the surgical group, is not compatible with a plantigrade foot.

Because children become increasingly active and
engaged in sports activities during the adolescence, the
better functional results and range of motion achieved
with the Ponseti method is an important finding, particu-
larly given that clubfeet have lower mobility and strength
than normal feet, regardless of the treatment method.*
Besides the abnormal development of foot bones due to
iatrogenic interference with their vascularization, we agree
with other authors that the fibrotic tissue that results after
surgery on the posteromedial aspect of the foot and ankle
may further retract during growth and contribute to
increased stiffness and recurrences.'®*

Our study has some limitations. First, we could not
compare the initial severity scores between the two
groups, because the clubfeet treated with the Ponseti
method were valuated with the Pirani score, whereas
the surgically treated clubfeet were evaluated using the
Dimeglio score.>* Both scores present a certain degree of
subjectivity and their capacity of predicting the final
outcome is not supported by enough evidence.>
Secondly, although we considered we completed the
learning curve for the correction phase of Ponseti treat-
ment by the time the clubfeet were treated, we were
probably lacking experience in the maintenance phase,
which might have influenced the increased rate of the
residual cavus and adductus deformities as a result of our
management of relapses, which can be difficult to diag-
nose in early stages.’® Thirdly, even though we consid-
ered the ICFSG score appropriate for the evaluation of
clubfeet because it is comprehensive and takes into

consideration morphological, functional and radiological
criteria, there is still some degree of subjectivity.

All four clubfoot deformities included in this study
were completely corrected after the initial treatment, yet
despite the initial correction and the use of AFO orthoses,
we still found residual deformities in our long-term fol-
low-up. This result was not unexpected because congenital
clubfoot is known for its high recurrence rate. Some
patients will require further corrective surgery but in ado-
lescence, when bone and soft tissue surgery do not pose
a great risk of interfering with foot development, more
options are available than in younger children.

Conclusion

Although complete correction was initially obtained in both
groups, residual deformities were present in patients treated
with both methods at follow-up, but they were less frequent
and severe in the Ponseti group. Long-term results clearly
favored the Ponseti method, which resulted in better mor-
phological, functional and radiological scores. In compari-
son to PMR, this conservative method of treatment achieved
better overall ICFSG results and led to a higher percentage
of good or excellent results, better mobility of the foot and
ankle, less radiological bone abnormalities with the expense
of less revision surgeries during childhood.
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This study was funded by the University of Medicine and
Pharmacy Carol Davila Bucharest, which was not involved
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