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Abstract

Purpose: To investigate the value of antero-posterior and lateral radiographs in predicting clubfoot relapse after
treatment with the Ponseti method.

Methods: This was a retrospective review of 104 children (157 feet) younger than 3 months of age with idiopathic
clubfoot treated using the Ponseti method at our institution between January 2007 and December 2014. All patients
underwent Achilles tenotomy and were divided into two groups according to the need for further surgery to correct
the deformity: relapsed group (24 patients; 36 feet) and non-relapsed group (80 patients; 121 feet). All antero-
posterior and lateral foot radiographs were performed less than 3 months after Achilles tenotomy. The talo-calcaneal
(TC-AP) and talus-first metatarsal (TM-AP) angles were measured in the antero-posterior view, while the tibio-
calcaneal (TIC-L), talus-first metatarsal (TM-L), and talo-calcaneal (TC-L) angles were measured in the lateral view.
The multi-factor logistic regression model of the stepwise selection method was used to predict the relapse of
clubfoot deformity from the potential predictive values.

Results: The mean age at initial plain radiography examination was 99.45 = 21.54 days. Differences in TC-AP, TM-AP,
TC-L, and TIC-L between the two groups were statistically significant. However, only TM-AP and TIC-L were included
in the “risk of relapse” formula using the multi-factor logistic stepwise selection method.

Conclusion: Early antero-posterior and lateral radiographs in children younger than 3 months of age at initial Ponseti
treatment have positive predictive value for relapse. Reduced TM-AP angle and increased TIC-L were associated with
an increased risk of relapse.

Level of evidence: level lIl.
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Introduction

Idiopathic congenital talipes equinovarus or idiopathic
clubfoot (IC) is a complex but relatively common foot
deformity with a prevalence of 0.5-6.8 per 1000 birth.'-?

The Ponseti technique has been widely recognized as
the most effective treatment option for children with IC,
with an initial correction rate exceeding 90% in most
published studies.’ Percutanecous Achilles tenotomy is
performed in most cases to correct the residual equinus at
the end of the cast treatment. Children then wear foot
abduction orthosis (FAO) until the age of 4 years to pre-
vent recurrence.’ Despite the excellent initial correction
rates, relapse of the deformity is not uncommon, occur-
ring in up to 67.3% of cases.* ¢

The outcome of the Ponseti technique is primarily
assessed with clinical and functional tools such as
Dimeglio’s and/or Pirani’s clinical score systems.”?
However, these clinical scoring systems are subjective
and do not consider any imaging modality.” Imaging
methods, such as radiography, are objective and rela-
tively simple to obtain. Radiographs can show the anat-
omy, position, and interrelationships of the different
bones of the foot. However, whether antero-posterior
(AP) and lateral radiographs should be routinely per-
formed in patients with IC remains controversial. Kang
and Park'? and Radler et al."' found that the lateral tibio-
calcaneal (TIC-L) angle is a reliable prognostic indicator
for percutaneous Achilles tenotomy. Shabtai et al.'?
reported that lateral radiographs with the foot in maxi-
mal dorsiflexion are the most useful for detecting abnor-
malities in Ponseti-treated clubfeet. Similarly, Li et al.'3
investigated the early radiographic changes in the lateral
talo-calcaneal (TC-L) angle following Achilles tenot-
omy in children with IC. On the contrary, Richards
et al.'* reported that the standing TIC-L and TC-L angles
on lateral radiographs in patients aged 18-24 months
were not helpful in predicting future relapse. Moreover,
according to Ponseti and colleagues,'>™'7 plain radio-
graphs are not recommended for follow-up of patients
treated with serial casting. On the other hand, Simons'®
highlighted the importance of plain radiographs to
understand the anatomy of the clubfoot deformity and to
evaluate the effect of its treatment.

The main goal of our study was to assess whether initial
AP and lateral radiographs are predictive of clubfoot
relapse requiring surgical intervention in children treated
with the Ponseti method.

Materials and methods

Patients

This study was approved by the institutional review board
of our institution (138A01).

All patients with IC treated at our institution between
January 2007 and December 2014 were reviewed. All
patients were admitted through a dedicated clubfoot out-
patient clinic, and the following data were recorded: sex,
age, race, side affected, family history, and associated
congenital abnormalities. Only children with a con-
firmed diagnosis of IC younger than 90 days at the time
of first cast application and who had not received any
previous orthopedic treatment were included in the
study, as well as patients who (1) had to undergo AP and
lateral foot radiographs less than 3 months after Achilles
tendon lengthening, (2) had to wear the FAO up to
4years of age, and (3) had to have at least 7years of
clinical follow-up. Additional information such as the
severity of the deformity according to Dimeglio’s and
Pirani’s classification systems,”® number of casts, total
time in cast, need for percutaneous Achilles tenotomy,
adherence with post-correction brace, complications,
relapses, and need for further surgical interventions was
collected from the charts.

Exclusion criteria were positional clubfoot, non-IC,
prior failed treatment, noncompliance with FAO require-
ments, and clinical follow-up of less than 7 years.

Treatment protocols

All patients were treated according to the Ponseti method.
The cast was changed weekly in an outpatient clinic. At the
end of cast treatment, if ankle dorsiflexion was less than
0°-5°, a percutaneous Achilles tenotomy under general
anesthesia followed by 3 weeks of additional cast was per-
formed. After completion of treatment, FAO was applied
full-time to all patients; FAO treatment was subsequently
adjusted to age and walking abilities of the patient as sug-
gested by Ponseti and colleagues.'>!” In particular, the
splints are worn 23 h a day for 3 months, and then the
number of hours per day decreases by 4 h after 3 months
over a period of six additional months; at this stage, FAO
is worn during nighttime and naps (10-12 h/day) until the
child is 4 years of age. All the patients were treated accord-
ing to the same protocol by the same surgical team.

Brace compliance was assessed subjectively according
to parents or guardian reports. In particular, patients
younger than 12 months of age had a follow-up visit sched-
uled every 3 months (four reports about brace compliance
per year), while patients older than 12 months of age had
an appointment with the surgeon twice a year (two reports
about brace compliance per year).

Although there is no agreement among scientists, in
this study relapse was defined as the reappearance of any
of the components of the clubfoot deformity, including
equinus, forefoot adduction, hindfoot varus, or cavus, and
the need for surgical intervention during the follow-up in
or out of the bracing phase.
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Figure |. Radiographic measurements: (a) talus-first metatarsal (TM-AP) angle; (b) talo-calcaneal (TC-AP) angle; (c) talus-first
metatarsal (TM-L) angle; (d) talo-calcaneal (TC-L) angle; (e) tibio-calcaneal (TIC-L) angle.

Plain radiographs

All AP and lateral foot radiographs were performed less
than 3 months after Achilles tenotomy. In particular, an
AP radiograph of both feet and a lateral radiograph of
the foot and ankle with the foot in maximum dorsiflex-
ion were performed in all patients (unilateral and bilat-
eral cases).!l»!®

The AP radiograph of the foot was used to measure the
talo-calcaneal (TC-AP) and talus-first metatarsal (TM-
AP) angles, while the TIC-L, talus-first metatarsal (TM-
L), and TC-L angles were measured in the lateral view
(Figure 1). To identify the longitudinal axis of the talus,
two points at the top and bottom edges of the bone were
selected, and the midpoints between the top and bottom
points were identified, as described by Li et al.'* The lon-
gitudinal axis of the tibia, calcaneus, and first metatarsal
was determined using the same method.'> All angle mea-
surements were performed using Auto CAD 2019 software
Autodesk (San Rafael, USA).

The angles (n=5) of 30 randomly selected patients
were measured at 3-week intervals by two independent
observers who were not involved in the care of any of
the patients (C.C.X. and J.C.L.). The intraclass correla-
tion coefficients (ICCs) for correlated data were calcu-
lated to evaluate interobserver reliability at the first

rating and intraobserver reliability between the first and
second ratings. According to the usual recommenda-
tions, the concordance was examined as follows: <0.2,
bad; 0.2-0.4, low; 0.4-0.6, moderate; 0.6—0.8, good; and
>(0.8, excellent.!?20

Statistical analysis

Statistical analysis was performed using SAS software
(version 9.4; SAS Institute, Cary, NC, USA). Data are pre-
sented as mean * standard deviation or median (interquar-
tile range) according to the statistical distribution.
Descriptive statistical analysis and testing for normal dis-
tribution using the Kolmogorov—Smirnov test were per-
formed for both groups. The difference in each angle
between the recurrent and non-recurrent groups was com-
pared using t-tests or the chi-square test according to the
statistical distribution. Unconditional logistics regression
was used to evaluate the predictive value of the angles.
Statistical significance was set at p <0.05.

Results

A total of 104 children with IC (157 feet) were included in
the study. Figure 2 summarizes the flowchart of the case-
selection process (Figure 2). There were 68 males (65.4%)
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2007.1.1-2014.12.31 Registered hospitalized patients with achilles
tendon release.

1694 cases

2

The age of initial treatment less than 3 months
1061 cases

4

The time of 1mitial radiographysis within 3months after tendoachilles.

191cases

4

Excluded the initial treatment 1s not Ponsti method or in other centers,
or Non-Idiopathic clubfoot. 172 cases

4

Complete the last follow-up and wear brace

compliance. 104 cases

Figure 2. Flowchart of patients’ selection.

Table I. Baseline characteristics.

Number (%)

Gender
Male 68 (65.38)
Female 36 (34.62)
Side
Left 23 (22.12)
Right 28 (26.92)
Bilateral 53 (50.96)
Relapse
No 80 (76.9)
Yes 24 (23.1)
Total 104 (100)

and 36 females (34.6%), and the deformity was bilateral in
53 patients and unilateral in the remaining 51 (left 23, right
28) (Table 1).

The mean age at the time of first cast was 10days
(range, 4-56 days), the mean Pirani score was 5.2 points
(range, 4-6), and the mean Dimeglio score was 10.2 points
(range, 8—18). The mean age at Achilles tenotomy was
58.02 = 18.48 days (range, 28-98 days), while the mean
age at initial AP and lateral foot radiographs was
99.45 = 21.54 days (range, 55-150 days) (Table 2).

Atotal of 24 out of 104 patients (36 feet; 23.1%) relapsed
(relapsed group) and required further surgery in order to
correct the deformity. The mean age of patients at the time
of relapse was 6.07 = 1.85years (range, 2.84—10.16 years).
On the other hand, 80 out of 104 patients (121 feet; 76.9%)
had no recurrence (non-relapsed group). There was no sig-
nificant difference between the non-relapsed group and
relapsed group in terms of sex, affected side, initial treat-
ment age, age at Achilles tendon lengthening, or age at ini-
tial radiographic examination (Table 2). Table 3 highlights
all patients who required further surgery to correct the
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Table 2. Comparison between the relapsed group and non-relapsed group (baseline characteristics).
Non-relapsed, n (%) Relapsed, n (%) p Total

Gender

Male 51 (63.75) 17 (70.83)

Female 29 (36.25) 7 (29.17) 0.42 0.52
Side

Left 19 (23.75 4 (16.67)

Right 23 (28.75) 5(20.83)
Bilateral 38 (47.5) 15 (62.5) 1.68 0.43
Age at initial treatment (days) 27.15*= 154 28.76 = 19.13 0.65 0.45 2791 = 16.99
Age at Achilles lengthening (days) 57.21*+17.87 60.71 = 20.55 0.81 0.42 58.02 + 18.48
Age at initial radiographic examination (days) 98.56 =20.26 102.42 +25.6 0.77 0.44 99.45 +21.54
Table 3. Patients with relapse.

Age at Achilles lengthening  Age at relapse Initial Dimeglio’s Initial Pirani’s

No. Gender (months) (years) score score Surgery
| Female 2.80 8.03 13 6 TATT
2 Male 1.83 7.00 17 6 TATT + PF
3 Female 1.83 8.16 13 5.5 TATT + AL
4 Male 2.10 531 14 6 TATT
5 Male 2.03 6.45 17 6 TATT
6 Female 2.07 5.30 I 6 TATT
7 Male 2.83 491 9 6 PF
8 Male 2.33 6.17 9 5 AL
9 Female 2.80 6.32 10 5 AL
10 Male 3.10 6.33 12 6 PF
I Male 1.27 4.14 9 5.5 PF
12 Female 1.17 3.79 13 6 PF
13 Male 1.07 7.13 14 6 PF + AL
14 Male 3.30 420 9 6 AL
I5 Male 2.37 10.16 I 5 PF
16 Male 1.53 5.61 8 6 AL
17 Male 1.37 591 10 6 TATT + AL
18 Male 1.43 491 9 6 TATT
19 Male 0.77 6.04 I 6 TATT
20 Male 2.40 4.55 13 6 PF
21 Male 2.13 8.48 I8 6 TATT + PF+ MR
22 Female 2.73 8.18 10 5.5 PF
23 Male 1.87 6.88 8 6 PF
24 Female 1.43 4.87 9 5.5 AL

TATT: tibilais anterior tendon transfer; PF: plantar fasciotomy; MR: medial release; AL: tendo-Achilles lengthening.

deformity (Table 3); among patients with bilateral clubfoot,
any case of bilateral relapse was recorded.

The interobserver and intraobserver reliability of each
angle was studied. The ICCs were rated “excellent” for
most angles with regard to interobserver and intraobserver
reliability.!”?* The ICC for intraobserver reliability was
rated as “good” for the TC-L angle (0.79) and “excellent”
for all other angles. The average ICC for the interobserver
reliability was “excellent” for all angles except the TC-AP
angle (good: 0.77) (Table 4).

The t-test results showed that TC-AP, TM-AP, TC-L,
and TIC-L in the non-relapsed group were significantly dif-
ferent from those in the relapsed group. However, TM-L of
the non-relapsed group was similar to that of the relapsed
group (p=0.42) (Table 5). Receiver operating characteristic
(ROC) analysis showed that all angles except TM-L
(p=0.32) were predictive of relapse (Table 6).

The multi-factor logistic regression model of the step-
wise selection method was used to predict the relapse of
clubfoot deformity from the four potential predictive
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Table 4. ICCs for intra- and interobserver accuracy of radiographic measurements.

Intraobserver Interobserver

ICC p ICC
TC-AP 0.8l 0.0004 0.77 0.0001
TM-AP 0.93 0.0000 0.95 0.0000
TC-L 0.79 0.0008 091 0.0000
TM-L 0.92 0.0000 0.95 0.0000
TIC-L 0.95 0.0000 0.88 0.0000

ICC: intraclass correlation coefficient; TC-AP: talo-calcaneal angle in antero-posterior view; TM-AP: talus-first metatarsal in antero-posterior view;
TC-L: talo-calcaneal angle in lateral view; TM-L: talus-first metatarsal angle in lateral view; TIC-L: tibio-calcaneal angle in lateral view.

Table 5. Comparison of angles between the relapsed group and non-relapsed group.

Normal?

Non-relapsed Relapsed t p
TC-AP 37.16 £11.32 30.87+11.92 2626 = 11.35 2.06 0.0412
TM-AP 10.75+16.38 5.73£17.22 -432*+17.89 3.04 0.0027
TC-L 46.39=8.12 3684+ 11.74 2831 £11.38 3.85 0.0002
TM-L 34.1 = 14.62 32.66 = 19.54 29.11 £23.75 0.91 0.3648
TIC-L 56.24+21.71 68.49 £ 18.2 79.78 £18.28 3.26 0.0013

TC-AP: talo-calcaneal angle in antero-posterior view; TM-AP: talus-first metatarsal in antero-posterior view; TC-L: talo-calcaneal angle in lateral
view; TM-L: talus-first metatarsal angle in lateral view; TIC-L: tibio-calcaneal angle in lateral view.

Values are expressed in degrees.

?Contralateral foot (normal) of patients with unilateral clubfoot deformity.

Table 6. Results of receiver operating characteristic analysis.

Angle AUC (95% ClI) z p Cut-off value (degree)
TC-AP 0.62 (0.05-0.52) 231 0.016 34.09

TM-AP 0.65 (0.05-0.54) 2.77 0.0027 19.36

TC-L 0.68 (0.05-0.58) 3.68 0.00032 41.61

TM-L 0.56 (0.06—0.45) 1.08 0.32 -

TIC-L 0.67 (0.05-0.57) 3.20 0.00067 7991

TC-AP: talo-calcaneal angle in antero-posterior view; TM-AP: talus-first metatarsal in antero-posterior view; TC-L: talo-calcaneal angle in lateral
view; TM-L: talus-first metatarsal angle in lateral view; TIC-L: tibio-calcaneal angle in lateral view; AUC: area under the curve.

values?""? (Figure 3), as TM-L angle (p=0.32) was not
predictive (Table 6). Among the four remaining parame-
ters, only TM-AP (p=0.033) and TIC-L (p=0.015) were
found to be predictive of relapse and could be included in
the “risk of relapse” formula

exp (—4.24 —0.041xTM-AP + 0.041x TIC-L)
P= 1+ exp(—4.24 —0.041x TM-AP +0.041x TIC—L)

Discussion
Clubfoot relapse after Ponseti treatment is not negligible.
In our study, the overall rate of relapse was 24% with a
male:female ratio of 1.89:1, which is similar to previously
published reports.?>2*

In previous reports, noncompliance to FAO treatment
and high initial severity scores were predictive indicators

of relapse.?>* However, assessing FAO compliance and
initial severity scores is subjective.® Radiographs can be
routinely used in clinical practice and represent an objec-
tive evaluation method.

In our study, we found that early foot radiographs in
children with IC treated using the Ponseti technique are
predictive of relapse. The predictive value of early radio-
graphs had also been investigated by Mishima et al.,?’
although in their study they performed radiographs before
Achilles tenotomy. In our study, we investigated the pre-
dictive value of five angles: TC-AP, TM-AP, TC-L, TIC-L,
and TM-L."32® In particular, as shown by previous studies,
the TM-AP angle can assess the severity of forefoot adduc-
tion; the TC-AP and TC-L angles can evaluate the position
of the subtalar joint; the TM-L angle can estimate the
severity of the midfoot cavus; and the TIC-L angle can
evaluate ankle dorsiflexion.'>*8?° As a result, these five
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angular measurements summarize all the IC deformity
components.>’ According to our data, although TC-AP,
TM-AP, TC-L, and TIC-L were significantly different
between the non-relapsed and relapsed groups, TC-AP
(p=0.57) and TC-L (p=0.19) had to be excluded because
their p-value was >0.05, while only TM-AP (p=0.033)
and TIC-L (p=0.015) could be included in the predictive

ROC Curves for Comparisons
1.00
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>
:‘é‘
% 050 -
[ =4
Q
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0.25 -
0.00 -
I T T
0.00 0.25 0.50 0.75 1.00
1 - Specificity
ROC Curve (Area)
Model (0.7440) TM-AP (0.6458)
TIC-L (0.6781)

Figure 3. The receiver operating characteristic (ROC) curve
after logistic regression model of stepwise selection.

formula using the stepwise selection method.?"?? Our anal-
ysis indicates that the TM-AP and TIC-L angles had posi-
tive predictive values for relapse (Figures 4 and 5).
Although radiographs in 3-month-old patients may be
objective but not always reproducible, our data showed
similar inter- and intraclass reliability compared to previ-
ous reports (Table 7).303!

The TM-AP angle in the relapsed group (—4.25° = 4.25°)
was smaller than that in the non-relapsed group
(5.79° £0.79°), and it was even smaller than that in nor-
mal feet (10.75° = 0.75°). We found that the risk of relapse
increased with a reduction in the TM-AP angle. It is pos-
sible that soft tissues are stiffer in the relapsed group than
in the non-relapsed group, although all patients were
placed at 60° or more of abduction during cast and FAO
treatment. We also found that TIC-L is more objective than
ankle dorsiflexion angle in assessing the severity of equi-
nus, as shown by Kang and Park.' According to our
results, the risk of relapse was proportional to TIC-L val-
ues. Based on the representation of the angle, we can infer
that the hindfoot varus, forefoot adduction, and ankle dor-
siflexion are important parameters to assess during follow-
up of patients treated by the Ponseti method.

According to the previous study, the degree of plantar
deviation of the talar head and neck had no significant dif-
ference between normal foot (—14.7° £9.1°) and clubfoot
(—15.6° = 13.3°) being accessed by three-dimensional mag-
netic resonance imaging (MRI).*> Howard and Benson®
found that AP projections of the nucleus of the talus show
deformity of that bone as well as subtalar malalignment.
The TC-AP and TC-L angles somehow represent the rela-
tionship between the talus and the calcaneus. We found both
angles were reduced in IC compared to normal feet; more-
over, both angles were smaller in the relapsed group than in
the non-relapsed group. However, in the process of logistic

Table 7. Intra- and interobserver reliability: comparison with previous reports.

Current study

Zimmerman et al.

Radler et al. Vanderwilde

Intraobserver (two observers) (five observers)3° (three observers)' etal®!
TC-AP 0.81308914 NA 0.6651(0.4119-0.8086) NA
TM-AP 0.93395419 NA 0.8766 (0.8073-0.9228) NA
TC-L 0.7862494 0.975 (0.962-0.985) 0.8248 (0.6678-0.9040) NA
TM-L 0.92273627 0.975 (0.961-0.984) 0.8320 (0.7031-0.9038) NA
TIC-L 0.94994595 0.989 (0.983-0.993) 0.9758 (0.9626-0.9849) NI
Interobserver Current study Zimmerman et al. Radler et al. Vanderwilde
(two observers) (five observers)*® (three observers)'! etal’
TC-AP 0.76708332 NA NA NA
TM-AP 0.94841635 NA NA NA
TC-L 0.91257262 0.925 (0.889-0.952) NA NA
TM-L 0.94920427 0.950 (0.928-0.968) NA NA
TIC-L 0.88216708 0.897 (0.852-0.932) NA NA

TC-AP: talo-calcaneal angle in antero-posterior view; TM-AP: talus-first metatarsal in antero-posterior view; TC-L: talo-calcaneal angle in lateral
view; TM-L: talus-first metatarsal angle in lateral view; TIC-L: tibio-calcaneal angle in lateral view; NA: not applicable.
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Figure 4. Patients with relapse: (a) right clubfoot, age 17 days, before treatment; (b) 3.4 months of age; (c) age 7 years.

regression analysis, neither of them was included in the pre-
dictive formula, indicating that both TC-AP and TC-L had
little value in predicting the relapse of the deformity. In a
previous study, Li et al.'* also found that TC-L did not sig-
nificantly change after Achilles tenotomy. Therefore, it is
possible that once good initial correction is achieved,

assessing hindfoot deformity may not be the most important
parameter to assess in order to predict a possible relapse.
However, this conclusion needs to be supported by stronger
data. Particularly, we found TC-AP and TC-L were signifi-
cantly different between the relapsed and non-relapsed
groups, although they could not be included in the “risk of
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Figure 5. Patient without relapse: (a) bilateral clubfoot, age 3 days, before treatment; (b) 2.4 months of age; (c) age 8years.

relapse” formula. Therefore, studies with a higher number
of patients exploring the value of TC-AP and TC-L in pre-
dicting clubfoot relapse are needed.

The TM-L angle represents the midfoot cavus; in our
study, we could not identify any significant TM-L angle
difference between the non-relapsed and relapsed groups.
Early assessment of the TM-L angle may have limited
value in predicting the risk of relapse; this is probably
related to the fact that the foot arch has not completed its
development at an early age.’*%

Although this study evaluated the risk of relapse using
AP and lateral foot radiographs, it was noticed that the risk
of relapse was higher in patients with poor brace compli-
ance. Obtaining foot radiographs 3 months after Achilles
tenotomy may aid in emphasizing the importance of FAO
for a patient at risk of relapse, as well as the need of regular
follow-up visits, especially during brace treatment.

We encountered some limitations in the analysis of our
results, including its retrospective design and the exclusion
of several cases due to the lack of initial radiographs and/
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or loss to follow-up. Moreover, the sensitivity and speci-
ficity of the predictive formula (area under the curve
(AUC)=0.7383) (Figure 3) were not excellent, so the
value of the predictive formula may be relative. However,
this is the first study to assess the predictive value of AP
and lateral radiographs of a large cohort of patients with
IC, treated by the Ponseti method by the same surgical
team, with a mean follow-up of 7years. These results
should be considered preliminary, and a prospective study
is needed to confirm the predictive value of the initial AP
and lateral radiographs in patients with IC.

Conclusion

Initial AP and lateral radiographs have satisfactory predictive
value for assessing the risk of relapse in children with IC
treated using the Ponseti method. The measurement of the
angles reflects the severity of the deformity, while the TM-AP
and TIC-L angles are the key indicators for estimating the risk
of relapse and the need for additional surgery. It appears that
a reduction in the TM-AP angle and an increase in the TIC-L
angle are associated with an increased risk of relapse.
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