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Abstract

Background: Recurrence remains the main challenge in the treatment of clubfoot. The primary goal of this study is to
determine if ultrasound measurements are associated with recurrence after successful management with the Ponseti
method. Furthermore, other factors are identified which can be associated with recurrence of the deformity.
Methods: Seventy-six infants (|14 idiopathic clubfeet), all treated with the Ponseti technique were reviewed. All
patients had an ultrasound evaluation by the same radiologist at the beginning of the treatment. Recurrence, defined as
the need to return to Ponseti casting, was recorded at a mean follow-up of 5years. Measurements of association with
recurrence were obtained for the following ultrasound measures: the medial talonavicular displacement (MTa-N), the
medial malleolus to navicular distance (MM-N), the talocalcaneal angle (Ta-C), and the distal tibial physis to proximal
calcaneal apophysis distance (Ti-C). Subsequently, a multivariate logistic regression analysis modeling recurrence
examined patients’ characteristics, compliance, Achilles tenotomy, and ultrasound measurements.

Results: Recurrence rate was 22% noted in |7 patients. On univariate analysis, relapse was associated with increased
MTa-N (p=0.038), decreased MM-N (p=0.008), and decreased Ti-C (p=0.023). On multivariate analysis, we identified
the Ti-C as the only ultrasound measurement significantly associated with recurrence (p=0.026). Other significant
predictors for relapse in this study were noncompliance with orthosis (OR=139.0 (95% Cl: 8.7-2224.0), p < 1073), and
omitting percutaneous Achilles tenotomy in clubfoot treatment (OR=23.9 (95% CI: 1.2-493.6), p=0.041).
Conclusion: The Ti-C sonographic measurement at the start of treatment can be a useful adjunct to help identify high-
risk patients for recurrence of deformity. Non-compliance with bracing and omitting percutaneous Achilles tenotomy
are also predictive factors.

Level of evidence: Prognostic study, Level ll|
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Figure |. (a) Medial coronal view in a normal foot. There is a normal talo-navicular alignment and normal morphology of the talus.
An appropriate distance between the medial malleolus and the medial margin of the navicular (MM-N) (double black arrowhead)

is also present. (b) Medial coronal view in a clubfoot. There is a medial talonavicular subluxation (MTa-N) (dotted blue arrow) and
rotation of the navicular along its long axis. A decreased distance between the medial malleolus and the medial margin of the
subluxated navicular (MM-N) (double black arrowhead) is also evident. Finally, the talus shows dysmorphism (foreshortened and a

medial deviation of the head and neck).

After this active phase of treatment, the wear of a foot
abduction brace is recommended for 4-5 years.*!2

Despite the very high success rate of the initial treat-
ment, recurrence of the deformity remains relatively
high and a challenge for the treating surgeon. As stated
by Ponseti, the clinical response of the foot in infants
cannot be adequately assessed by radiographs of the
skeletally immature foot.!® Moreover, radiographs were
not helpful in predicting future relapse at 18 and
24 months of age.!® In addition, the ability of clubfoot
scoring systems to predict the risk of relapse is not com-
pletely settled. Specifically, while some investigators
found better outcomes in patients with lower Dimeglio
scores,'*!% others did not.!®!® More recently, clinical
assessment tools such as foot pressure analysis'®?° and
functional scores?! were found to be useful in assessing
outcomes after clubfoot treatment. However, it remains
challenging to predict, early on, which patients are at
risk of relapse.

Ultrasound allows adequate visualization of the carti-
laginous structures in infants and several authors have
introduced the use of ultrasound for the evaluation of the
irregular ossification centers of the talus, calcaneus, and
navicular bone in clubfeet.”>?° However, it requires a
clear understanding of the sonographic anatomy of the

normal infant’s foot as well as the clubfoot in order to
obtain a comprehensive assessment of the abnormalities.
Ultrasound may further allow a dynamic assessment of
the foot and it has been suggested that it has the potential
to monitor the effects of treatment following the Ponseti
technique.??2>%

In clubfoot, ultrasound evaluation targets key features
of the patho-anatomy (Figures 1-3). The medial view,
which is equivalent to an antero-posterior radiograph of
the foot with emphasis on the medial aspect, has been
referred to be by some authors the single most important
plane in the assessment of clubfoot using ultrasound.?>?* It
provides the quantification of the medial talo-navicular
displacement (MTa-N) expressed as a percentage, the
medial malleolus to navicular distance (MM-N), the talo-
calcaneal angle (Ta-C), as well as qualitative description
of the talar morphology.?*° Through the posterior sagittal
view, the distal tibial physis to proximal calcaneal apophy-
sis distance (Ti-C) has been also described to reflect the
position of the os calcis in the heel.?53°

At our institution, we have been employing ultrasound
to adequately describe the patho-anatomy of the clubfoot.
We believe that ultrasound could add useful information at
the outset of treatment and guide our treatment strategy in
resistant clubfeet and/or those showing recurrence.
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Figure 2. (a) Medial coronal dual view in a normal foot. There is normal divergence of the talo-calcaneal angle (Ta-C) with a
normal long axis of the talus oriented toward the |** metatarsal and the calcaneus oriented toward the fifth metatarsal (blue dotted
lines). (b) Medial coronal dual view in a clubfoot. Although the long axis of the calcaneus is oriented lateral to the fifth metatarsal,
the talo-calcaneal divergence is decreased. This is due to the long axis of the talus being oriented proportionally further lateral than

that of the calcaneus (dotted blue lines).
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Figure 3. (a) Posterior sagittal view in a normal foot. There is a normal alignment of the posterior aspect of the distal tibia,

talus, and calcaneus (straight dotted blue line) and an appropriate distance between the distal tibial physis and the proximal calcaneal
apophysis (Ti-C) (double black arrowhead). (b) Posterior sagittal view in a clubfoot. This view reflects the calcaneal position in the
heel. The tibio-talo-calcaneal alignment is disrupted (broken dotted blue line) and the distance between the distal tibial physis and the
proximal calcaneal apophysis (Ti-C) is decreased (double black arrowhead).
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Figure 4. (a) The foot abduction brace used initially. Notice
the more rigid non-articulated construct in this brace. (b)
Articulated foot abduction brace used after an initial period of
6 months with the non-articulated brace shown in Figure 4(a).

The purpose of this study was to identify which ultra-
sound measurements, made early, can be associated with
the risk of recurrence in idiopathic clubfoot. Secondarily,
we evaluated how other factors can influence the risk of
recurrence. These factors included demographic data,
compliance with foot abduction bracing and the perfor-
mance of an Achilles tenotomy.

Materials and methods

Patient selection

A retrospective case-control study was performed in a
single site between July 2003 and August 2009. It com-
prised 76 consecutive infants with 114 feet treated by
three pediatric orthopedic surgeons in a pediatric univer-
sity hospital center. The study has been approved by the
institutional review board. The inclusion criteria were (1)
idiopathic clubfoot, (2) no previous treatment of the club-
foot, (3) conservative treatment with the Ponseti method,
(4) availability of ultrasound before or in the 2 weeks fol-
lowing the start of Ponseti casting, and (5) a minimum

clinical follow-up of 3years. A percutaneous heel-cord
tenotomy under local anesthesia in the outpatient clinic
was considered part of the management. Tenotomy was
performed when 15° of dorsiflexion has not been obtained
with serial manipulation and casting. Following the tenot-
omy, our protocol calls for two additional casts of 2-week
duration each, to allow for tendon healing before moving
to the foot abduction brace (Figure 4). Bracing was rec-
ommended full time until the age of 6 months, then for 18
hours a day until age 1, followed by nighttime wear until
a minimum of age of 4years. Compliance was a self-
reported measure and defined as adherence to the pre-
scribed use of the foot abduction brace. If care-givers
were noncompliant during the 3-year follow-up, it was
counted as noncompliant in this study.

The patients were followed up for a mean of
5.2+ 1.2years (range=3.0-9.2years). Medical charts
were reviewed for patient characteristics, recurrence, com-
pliance, performance or not of Achilles tenotomy, and
clubfoot ultrasound images and reports. Recurrence was
defined as the reappearance of any component of the
deformity requiring return to the Ponseti method.

Ultrasound examination of the clubfoot

A dedicated foot ultrasound was done routinely for all
patients before or within the first 2weeks of starting the
Ponseti casting. Twenty-one patients had an ultrasound
examination done prior to any treatment, 24 patients had it
after the first cast, and 31 patients had it after the second
cast. The reason for delaying ultrasound examination was
due to the inability of some parents to travel to the hospital
at the specified date and/or the unavailability of the mus-
culoskeletal radiologist. All ultrasounds in this study were
performed systematically by a single pediatric musculo-
skeletal radiologist with extensive expertise in ultrasound
evaluation of clubfoot.

The examination is performed in a relaxed and recently
fed infant. The infant is placed in the supine position. The
foot is stabilized with one hand and the examination is per-
formed in the spontaneous position of the foot (Figure 5). A
high-frequency linear probe (5—13 MHz with a footprint of
30-50 mm) was optimal to assess the foot in this age group.
The standardized examination protocol at our institution
used systematically a medial coronal view, a medial coro-
nal dual view, a dorsal sagittal view, a lateral coronal view,
and posterior sagittal view as described by Miron and
Grimard.?® All measurements were taken from the cartilagi-
nous borders of the bones as visualized by ultrasound.

Four quantitative measurements were systematically
obtained for all patients:

e MTa-N (%): The medial talo-navicular displace-
ment or subluxation measured on the medial coro-
nal view (by dividing the subluxated part of the



50

Journal of Children’s Orthopaedics 16(1)

(b)

Figure 5. (a) Medial coronal view in a normal foot.
Ultrasound probe position to obtain the medial talo-
navicular displacement (MTa-N) expressed as a percentage,
the medial malleolus to navicular distance (MM-N), as well
as a qualitative description of the talar morphology. This
probe position is also used to obtain the medial coronal dual
view on which the talo-calcaneal angle (Ta-C) is assessed.
(b) Posterior sagittal view in a normal foot. Ultrasound
probe position to obtain the distal tibial physis to proximal
calcaneal apophysis distance (Ti-C).

navicular bone by its long axis distance) and
expressed as a percentage (Figure 1).

e MM-N (mm): The medial malleolus to navicular
distance measured on the medial coronal view
(Figure 1).

e Ta-C (°): The talo-calcaneal angle measured on the
medial coronal dual view (Figure 2).

e Ti-C (mm): The distal tibial physis to proximal cal-
caneal apophysis distance measured on the poste-
rior sagittal view (Figure 3).

In patients with bilateral clubfeet, Gray et al.3! found
that baseline severity, response to treatment, and recur-
rence outcomes, among other variables, were highly cor-
related in the right and left feet of each patient.
Accordingly, results in two limbs of the same patient do
not represent independent observations and should not be
analyzed as independent data points. Therefore, in our
study, when analyzing ultrasound measurements for
bilateral presentations, we considered the mean of both
feet for each variable.

Statistical analysis

Descriptive statistics were performed for the whole
cohort. The parameters were then examined for normal-
ity, and because of the large variations, direct compari-
sons using non-parametric Mann—Whitney U tests were
performed to analyze the comparative groups: the recur-
rence (R) and nonrecurrence (NR) groups. To identify
reliable predictors, a multivariate logistic regression
analysis modeling recurrence was then conducted. For
categorical characteristics, reference categories were
indicated with an odds ratio of 1.0. Statistical analysis
was executed using SPSS 28 software. A level of signifi-
cance of 0.05 was used for all tests.

Results

Seventy-six patients with 114 idiopathic clubfeet were
treated. The cohort comprised 19 female and 57 male
patients. Forty patients had unilateral and 36 had bilateral
involvement. Treatment was initiated at our institution at a
mean age of 20 = 32 days (range=1-216 days). Treatment
begun before 28 days of age in 84% of patients. Only one
patient had treatment initiated at more than 6 months of
age. This patient had successful treatment despite a delayed
presentation. On average, six casts were applied to obtain
correction (range=3—10 casts). In this study, the average
age at tenotomy was 55 = 31 days. A percutaneous tenot-
omy was performed in 79% (60/76) of patients to achieve
adequate ankle dorsiflexion after the active phase of
manipulation and casting. Initial correction was obtained
in all 114 feet with the Ponseti method. The mean follow-
up was 5.2 £ 1.2years (range=3.0-9.2 years). There was
no patient lost to follow-up in this study. Clubfoot recur-
rence was noted in 17 patients and comprised 22% of all
patients (17/76).

Ultrasound measurements

The results of univariate analysis are presented in Table
1. Through the medial coronal view, the MTa-N percent
displacement was first measured and found to be signifi-
cantly higher in the R group compared to the NR group
(49% =34 vs 30% * 21, respectively, p=0.038). The
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Table I. Univariate analysis of ultrasound measurements with respect to clubfoot recurrence at a mean follow-up of 5years after

Ponseti treatment.

Group N=76 Medial Medial malleolus Talonavicular Distal tibial physis to
(patients) Talonavicular to navicular angle (°) proximal calcaneal
displacement (%) distance (mm) apophysis distance (mm)
Recurrence 17 49 + 34 3.1+25 27+ 14 12527
No recurrence 59 3021 53%3.0 31x12 142+28
p valuet 0.038* 0.008* 0.281 0.023*

*p values are reported for significance of association using Mann—Whitney U tests.

*Statistical significance < 0.05.

Table 2. Multivariate analysis from 76 patients modeling clubfoot recurrence at a mean follow-up of 5years after Ponseti

treatment.
Variables Recurrence No recurrence Odds ratio [95% p-valuef
(N=17 patients) (N=59 patients)  confidence interval]

Age at first cast (days) 16 24 19+30 0.39

Gender Male 13 (76%) 43 (73%) 2.7 [0.2-33.7] 0.442
Female 4 (24%) 16 (27%) 1.0

Laterality Unilateral 9 (53%) 31 (53%) 1.7 [0.2-19.2] 0.658
Bilateral 8 (47%) 28 (47%) 1.0

Compliance No 13 (76%) 5 (8%) 139.0 [8.7-2224.0] <1073
Yes 4 (26%) 54 (92%) 1.0

Percutaneous Achilles tenotomy No 7 (41%) 9 (15%) 23.9 [1.2-493.6] 0.041*
Yes 10 (59%) 50 (85%) 1.0

Medial talonavicular displacement (%) 4934 30x21 0.675

Medial malleolus to navicular distance (mm) 3.1 =25 53%30 0.767

Talocalcaneal angle (°) 27+ 14 3112 0.534

Distal tibial physis to proximal calcaneal apophysis 125+27 142+28 0.026%*

distance (mm)

Continuous variables are expressed as the mean = standard deviation.

tp values are reported for multivariate logistic regression analysis modeling recurrence.

*Statistically significant.

MM-N distance was measured and found to be signifi-
cantly shorter in R group compared to the NR group
(3.Imm =*=2.5 vs 5.3mm = 3.0, respectively, p=0.008).
Through the medial coronal dual view, the Ta-C angle
was measured. No statistical significance was found for
this parameter between both groups (27°*+ 14 vs 31°+ 12,
respectively, p=0.281). Finally, through the posterior
sagittal view, the Ti-C distance was found to be signifi-
cantly shorter in the R group compared to the NR group
(12.5mm *2.7vs 14.2mm * 2.8, respectively, p=0.023).

Predictive factors

The results of the multivariate logistic regression analysis
modeling recurrence are reported in Table 2. No signifi-
cant relationship was detected, for the demographic vari-
ables of age, gender, and laterality. Among ultrasound
measurements, only the Ti-C distance was found to be a
risk factor for clubfoot recurrence (p=0.026). The other

ultrasound measurements, MTa-N, Ta-C, and MM-N did
not show statistical significance. Noncompliance with the
foot abduction brace was the most significant risk factor
for recurrence and was reported to be 76% (13/17) in the
R group compared to only 8% (5/59) in the NR group. In
other terms, families who did not comply with bracing
had 139 times more risk of clubfeet recurrence in their
children than compliant families (OR=139.0 (95% CI:
8.7-2224.0, p < 107%)). Interestingly, when present, fam-
ily noncompliance was noted early on after the first
3 months of bracing in half the time. The overall rate of
Achilles tenotomy in this study was 79% (60/76).
Specifically, 59% (10/17) in R group compared to 85%
(50/59) in the NR group. Not including a percutaneous
heel-cord tenotomy in the initial management of clubfoot
hence appeared to increase recurrence. In fact, the risk
that a clubfoot will relapse is increased 23.9 times in non-
tenotomized clubfeet compared with tenotomized ones
(OR=23.9 (95% CI: 1.2-493.6); p=0.041) (Table 2).
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Discussion

Ultrasound can view the cartilaginous ossification centers
of the tarsal bones in great detail. Therefore, quantifying
key features in the patho-anatomy of the infant with club-
foot is more accurately assessed with ultrasound than by
clinical and plain X-rays alone. With ultrasound, the long
axes of the talus and calcaneus that subtend the Ta-C angle
can be easily determined. In contrast, on plain radiographs,
it is difficult to adequately measure this angle because the
talus and calcaneus have a round aspect as they are only
partially ossified at the initial assessment. In this study, the
sonographic Ta-C was not associated with recurrence and
hence not helpful. Our results were in line with findings by
Dobbs et al analyzing this angle by radiography.'®

The initial MTa-N displacement and the MM-N dis-
tance differed between the R and NR group although none
had a predictive effect for recurrence on multivariate anal-
ysis. Since 54 patients had the ultrasound measurement
obtained after 1 or 2 casts, the MTa-N and the MM-N may
have been partially corrected already and thus did not cor-
relate with relapse. Future studies analyzing ultrasound
measurements obtained strictly prior to any treatment
could define more accurately the prognostic value of these
variables.

The results of this study show that the Ti-C distance,
when measured early using ultrasound, is associated with
a risk of recurrence. It is suggested therefore that the Ti-C
distance can be employed on repeated ultrasound evalua-
tions as a guide for treatment. We hypothesize that a Ti-C
distance below a certain threshold will maintain the hind-
foot in equinus leading to a loss of ankle dorsiflexion and
over time may predispose for the need to return to casting.
A prospective study employing serial ultrasounds may
help to determine these threshold values and further guide
treatment.

In addition, the results of this study suggest that a heel-
cord tenotomy may be protective against relapse. No com-
plications were observed in the 87 percutaneous heel-cord
tenotomies performed under local anesthesia in an outpa-
tient setting. Despite the safety and simplicity of the proce-
dure, care must be taken to perform the procedure
adequately and at the best time as described by Ponseti.” 2
An early or late tenotomy in the course of the treatment
could lead to a “rocker-bottom” deformity or a relapse.'®

Demographic features such as age, gender, and lateral-
ity had no impact on recurrence in this study similar to
other authors’ findings.'®!”

Finally, noncompliance with the use of the foot abduc-
tion brace remains the strongest predictor for recurrent
deformity at long-term follow-up as demonstrated by the
76% rate in the R group. Compliance was assessed by par-
ents’ verbal responses regarding the use of the foot abduc-
tion brace. We realize that assessment of compliance with
treatment based on verbal responses only may introduce a
reporting bias in both groups. Nevertheless, our findings

are in agreement with previous studies that established the
importance of compliance in clubfoot management.'®!”

In addition, there are a number of other limitations to
this preliminary study. First, this is a retrospective study
that can introduce reporting biases. Second, the differences
in the ultrasound parameters of MM-N and Ti-C distances
between the recurrence and non-recurrence groups are 2.2
and 1.7 mm, respectively. Although the differences are sta-
tistically significant, they may not be clinically significant.
In addition, the authors are not aware of any study that
evaluates the margin of error in the measurement of these
parameters. Intra- and inter-observer studies could deter-
mine if these findings can be generalizable to other clini-
cians. Third, we recognize that not all ultrasounds were
performed before the onset of treatment. The two casts
done before the first ultrasound in some of the clubfeet
may have partially or fully corrected some of the compo-
nents of the clubfoot deformity. This partial correction can
potentially make it difficult to accurately determine
whether some of the ultrasound measurements correlated
with relapse. However, the fact that the Ti-C distance stood
out despite the opportunity of having some feet treated for
2 weeks shows that it is, in our opinion, a good measure to
employ for the identification of clubfeet that are at risk for
recurrence.

In the future, prospective studies of clubfeet investi-
gated since birth by repeated ultrasound and clinical
assessments may help further define the role of ultrasound
in the prediction of clubfoot recurrence in the setting of the
Ponseti technique. In our experience, such routine addition
of ultrasound examinations, at the start of treatment and
recently adding another follow-up examination just before
bracing, seems to add only a reasonable amount of time
and cost to the management of clubfoot. Threshold values
for these ultrasound parameters can then be determined on
initial and follow-up examinations, and subsequently be
more useful to guide the progression of treatment.

Conclusion

Ultrasound can be employed as a modality for the evalua-
tion of the patho-anatomy of clubfeet in infants. It can be a
useful adjunct to identify high-risk patients for recurrence
in the treatment of clubfoot following the Ponseti method.
In this study, we found that the Ti-C distance was a useful
sonographic measurement that can predict later recur-
rence. Therefore, a diminished Ti-C on initial ultrasound
examination should prompt the surgeon to strongly con-
sider a percutaneous Achilles tenotomy and a closer fol-
low-up to help with bracing compliance.
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