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Introduction. Ponseti method is a widespread treatment for clubfoot in children with arthrogryposis. Closed 
subcutaneous achillotomy in these patients could not completely rectify the equinus deformity due to tissue rigidity 
which often leads to reconsideration of the tenotomy principles.
Aim. This study aimed to formulate the anticipating criteria to assess the effectiveness of achillotomy in order to 
develop a different achillotomy approach for children with arthrogryposis.
Materials and methods. This study retrospectively analyzed closed subcutaneous achillotomy in 28 patients (56 feet) 
with arthrogryposis. The mean age of the patients was 5.4 months (range 2–8 months). The children were subdivided 
into two groups according to the residual equinus deformity after the completion of Ponseti serial casting. All patients 
were physically and radiographically examined.
Results and discussion. The first group included 12 patients (24 feet), which achieved foot neutral position or 
dorsiflexion ≥5° after achillotomy. The second group consisted of 16 patients (32 feet) with residual equinus after 
achillotomy who required surgery. X-ray images showed that the patients in the second group had significantly wider 
tibiocalcaneal angle and smaller talocalcaneal angle in lateral view (р < 0.01). The correction values of the equinus 
deformity after achillotomy in the children with arthrogryposis were greatly limited: 27° (20°–30°) and 19° (10°–30°) 
in the first and second groups, respectively.
Conclusion. Closed subcutaneous achillotomy for effective equinus elimination during clubfoot treatment by Ponseti 
method should be performed only after complete correction at the level of tarsal joints. X-ray examination of the 
feet is recommended for the children with arthrogryposis in order to evaluate the talocalcaneal divergence and heel 
position more comprehensively. Furthermore, the values of tibiocalcaneal and talocalcaneal angles in lateral view prior 
to achillotomy are essential prognostic factors of its effectiveness. Moreover, the severity of equinus contracture should 
be considered prior to achillotomy. Achilles tenotomy is inappropriate if equinus deformity exceeds 30°. In such cases, 
open surgery should be considered.
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Введение. Метод Понсети широко применяют при лечении детей с косолапостью при артрогрипозе. Вследствие 
высокой ригидности тканей закрытая подкожная ахиллотомия у таких пациентов не гарантирует возможности 
полной коррекции эквинуса, что заставляет во многих случаях пересматривать концепцию ее выполнения.
Цель исследования  — разработка критериев прогнозирования эффективности ахиллотомии для формирова-
ния дифференцированного подхода к  ее выполнению у детей с  артрогрипозом.
Материалы и методы. Работа основана на ретроспективном анализе результатов закрытой подкожной ахилло-
томии у  28 пациентов (56 стоп) с  артрогрипозом. Средний возраст пациентов на момент выполнения ахилло-
томии составлял 5,4 месяца (2–8 месяцев). Пациенты были разделены на две группы в зависимости от наличия 
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резидуального эквинуса после окончания лечения по методу Понсети. Всем пациентам проводили клиническое 
и рентгенологическое исследование.
Результаты и  их обсуждение. В 1-ю группу вошли 12 пациентов (24 стопы), у  которых после ахиллотомии 
было достигнуто нейтральное положение стопы или была возможна тыльная флексия ≥5°, во 2-ю — 16 паци-
ентов (32 стопы) с резидуальным эквинусом после ахиллотомии, которым потребовалось проведение хирурги-
ческого вмешательства. При сравнении двух групп установлено, что у  пациентов 2-й группы до ахиллотомии 
на рентгенограмме в  боковой проекции значение пяточно-большеберцового угла было достоверно больше, 
а  таранно-пяточного угла достоверно меньше по сравнению с  пациентами 1-й группы (р < 0,01). Коррекция 
экви нусной деформации в  результате ахиллотомии у  детей с  артрогрипозом была ограничена и  составила 
в 1-й группе в  среднем 27° (20–30°), во 2-й группе — 19° (10–30°).
Заключение. Для эффективного устранения эквинусной контрактуры при лечении косолапости по методу 
Понсети закрытую подкожную ахиллотомию необходимо осуществлять только после полной коррекции де-
формации на уровне суставов предплюсны. У детей с  артрогрипозом для более точной визуализации таран-
но-пяточной дивергенции и  положения пяточной кости мы рекомендуем выполнять рентгенографию стоп. 
При этом величина пяточно-большеберцового и  таранно-пяточного углов на рентгенограмме в  боковой про-
екции до ахиллотомии является важным прогностическим критерием ее эффективности. Кроме того, перед 
ахиллотомией необходимо учитывать величину эквинусной контрактуры. При наличии эквинуса более 30° 
проведение ахиллотомии нецелесообразно. Таким пациентам следует выполнять открытое хирургическое вме-
шательство.

Ключевые слова: косолапость; артрогрипоз; метод Понсети; ахиллотомия.

Introduction

Clubfoot occurs in 90% of pediatric patients 
with congenital multiple arthrogryposis (hereinafter 
referred to as arthrogryposis) [1–6]. The treatment 
of such patients is challenging for orthopedists due 
to the high rigidity of the tissues of the ankle joint 
and foot, resistance of the deformity to correction, 
tendency to relapse, and presence of concomitant 
contractures of the knee and hip joints [7–11].

Currently, most surgeons believe that the 
treatment of clubfoot should be started with staged 
casting [8–10, 12]. The method of Ponseti, which 
was first described in 1963, has now become 
popular [13]. This method has also been commonly 
used in the treatment of pediatric patients with 
clubfoot with arthrogryposis [6, 14–19, 20].

Closed subcutaneous achillotomy is the last 
stage in the course of the correction of the equino-
cavo-adductor-varus deformity of the feet using 
this technique. Achillotomy in pediatric patients 
with arthrogryposis, given the high rigidity of the 
tissues (the Achilles tendon is often shortened and 
wide), does not ensure the possibility of complete 
correction of the equinus component, which makes 
revising the concept of its implementation necessary 
in many cases.

Our study aimed to develop the criteria for 
predicting the efficacy of achillotomy for applying 
a differentiated approach to its implementation in 
pediatric patients with arthrogryposis.

Materials and methods

The study consisted of a retrospective analysis 
of the results of a closed subcutaneous achillotomy 
that was performed as part of the treatment of 
clubfoot using the Ponseti method in 28 patients 
(56 feet) with congenital multiple arthrogryposis 
from 2010 to 2018.

The study excluded patients who previously 
underwent achillotomy before fixation of the 
foot with the first plaster cast (so-called early 
achillotomy) [11, 16, 21].

Clubfoot severity was assessed using the Pirani 
scale before the onset of treatment and before and 
after performing achillotomy. The angle of equinus 
deformity was determined during the clinical 
examination before and after achillotomy [22].

Radiography of the feet was performed in all 
pediatric patients before and after achillotomy and 
after plaster cast removal, in two standard views, 
namely, antero-posterior and lateral in the position 
of maximum dorsal flexion. After achillotomy, 
radiography of the feet was performed in a plaster 
cast immediately after manipulation. Radiographs 
were analyzed by evaluating the astragalocalcanean 
angle and astragalocalcanean and calcaneotibial 
angles in the antero-posterior and lateral views, 
respectively (Fig. 1).

The clubfoot elements were eliminated by 
staged casting using the Ponseti method with 
a  gradual correction first of the cavus component, 
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then inversion of the middle part of the foot 
and varus position of the calcaneus, followed by 
closed subcutaneous achillotomy, and the equinus 
component of the deformity was corrected [13]. 
Plaster casts were changed once every 5–7 days.

In pediatric patients with arthrogryposis, the 
treatment based on the abovementioned method 
had several aspects. First, the average number of 
casts used during the staged correction before 
achillotomy was 9.14 ± 0.25 (from 6 to 12), which 
was greater than that in the treatment of idiopathic 
clubfoot. Second, in some cases, after achillotomy, 
staged casting was continued (from one to 
three casts) for additional correction of equinus 
deformity.

Depending on the presence of a residual 
equinus after the end of the treatment according 
to Ponseti, 28 patients (56 feet) were divided into 
two groups. Group 1 included 12 patients (24  feet) 
who achieved the neutral position of the foot 
in the ankle joint or dorsal flexion of ≥5° was 
possible. In five patients of 12, equinus up to  10°, 
preserved after achillotomy, was eliminated during 
the staged casting for 1–3  weeks. Group 2 included 
16 patients (32 feet) with residual equinus from 
10° to 50°. All patients in group 2 required surgical 
intervention (posterior or posterior-medial release 
on the foot).

Groups 1 and 2 were compared on the basis 
of parameters, such as assessment on the Pirani 
scale before the treatment onset, before and after 
achillotomy, clinical assessment of the equinus 
deformity angle, and evaluation of X-ray before 
and after achillotomy and after plaster cast  
removal.

The study materials were subjected to statistical 
processing using the methods of parametric analysis. 
The accumulation, correction, systematization of 
the initial information, and visualization of the 
results obtained were performed in Microsoft Office 
Excel  2016 spreadsheets. Statistical analysis was 

performed using the STATISTICA 13.3 program 
(StatSoft Inc.). Quantitative indicators were 
evaluated using Shapiro–Wilk test for compliance 
with the normal distribution. The data obtained 
were combined into variation series, in which 
the arithmetic mean values (M) and standard 
deviations were calculated, the limits of the 95% 
confidence interval. Student’s t test was used to 
compare the mean values of the independent sets of 
quantitative data. The resulting values of Student’s 
t test were analyzed by comparison with critical 
values. Differences in indicators were considered 
statistically significant at p < 0.05. Paired Student’s 
t test was used to compare the mean calculated 
for related samples (values of the index before 
and after achillotomy). The resulting values of the 
paired Student’s t test were compared with critical 
values. Changes in the indicator were considered 
significant when the t  value is greater than the 
critical value.

Results

The study included 16 boys and 12 girls with 
bilateral club foot. The mean age of patients during 
achillotomy was 5.4  months (range, 2–8  months). 
Table 1 shows the estimates of severity of foot 
deformity on a 6-point Pirani scale.

Table 1
Mean score of clubfoot severity on the Pirani scale in the patients of groups 1 and 2

Period of the severity assessment
Severity assessment, points

р
Group 1 Group 2

Before plastering 5.0 ± 0.2 5.2 ± 0.1 0.34

Before achillotomy 2.5 ± 0.2 3.6 ± 0.1 <0.01

After achillotomy 1.5 ± 0.1 2.6 ± 0.1 <0.01

Fig. 1. Radiograph of the foot of a 5-month-old infant: 
a  — antero-posterior view: astragalocalcanean angle 
of  34°; b  — lateral view: calcaneotibial angle of 90° and 

astragalocalcanean angle of 35°

 a b

34°
35°90°
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Before treatment, the differences of the mean 
Pirani score for patients in groups 1 and 2 were 
not statistically significant (p = 0.34). During 
achillotomy, the mean score in groups 1 and  2 
increased to 2.5  (1.0–4.0) and 3.6 (2.5–4.5), 
respectively; i.e., changes in group 2 were 
significantly less pronounced. After achillotomy, 
clubfoot severity decreased in both groups to the 
same extent, by a  mean of 1 point, whereas the 
residual deformity in group 2 was significantly 
more pronounced.

The angle of equinus deformity, determined 
during clinical examination, before achillotomy in 
groups 1 and 2 was 23° (10°–30°) and 37° (20 –50°), 
respectively. Table 2 shows the data on the angle of 
equinus deformity in the patients of groups 1 and 2 
at the stages of treatment.

In group 1, during achillotomy, the mean value 
of the astragalocalcanean angle on the radiograph 
in the anterior–posterior view was 19° (10°–30°), 
the calcaneotibial angle in the lateral view was 
114° (100°–130°), and the astragalocalcanean angle 
in the lateral view was 24° (12°–35°); in group 2, 
these angles were 10° (5°–15°), 131° (110°–140°), 
and 14° (10°–18°), respectively. Differences in 
the calcaneotibial and astragalocalcanean angles 
between the groups were statistically significant 
(p < 0.01) (Table 3). The decrease in the size of 

the astragalocalcanean angle indicated insufficient 
correction at the level of the tarsal joints during 
achillotomy. However, we also had to perform 
achillotomy in these cases because the radiograph 
images showed no changes in time in the mutual 
spatial arrangement of the astragalar and calcaneal 
bones after two or three stage plasterings.

After achillotomy, the equinus deformity angle in 
groups 1 and 2 was −4° (−20°–0°) and 18° (10°–30°), 
respectively (Table 2). The radiograph indices 
showed that the mean value of the calcaneotibial 
and astragalocalcanean angles was 90° (85°–100°) 
and 26° (18°–37°) in group 1, respectively, whereas 
the values of these angles were 117° (90°–120°) and 
16° (12°–25°) in group 2, respectively (Table 3).

The correction value of equinus deformity as 
a result of achillotomy in the pediatric patients of 
group 1 was significantly higher than that in the 
patients of group 2, with a mean of 27° (20°–30°) 
and 19° (10°–30°), respectively (Student’s t test, 3.93; 
p < 0.05). Moreover, the mean value of equinus 
deformity correction as a result of achillotomy 
based on radiographic indicators was significantly 
lower than that based on clinical measurement data 
in patients of both groups (Table 4).

The dependence of the value of equinus 
deformity correction as a result of achillotomy on 
the equinus angle before its implementation was 

Table 2
Mean value of the equinus deformity angle before and after achillotomy  

in the patients of groups 1 and 2

Period of determining the angle
Equinus deformity angle, °

р
Group 1 Group 2

Before achillotomy 23.0 ± 1.1 37.0 ± 1.4 <0.05*

After achillotomy –4.0** ± 1.1 18.0 ± 1.8 <0.05*

Note. * Statistically significant difference of indicators; ** dorsal flexion of 4°.

Table 3
Radiographic data before and after achillotomy in the patients of groups 1 and 2

Angles on X-ray images
Group 1 Group 2

Before  
achillotomy

After  
achillotomy

Before  
achillotomy

After  
achillotomy

Astragalocalcanean in antero-
posterior projection, °

19.0 ± 1.0 – 10.0 ± 0.6 –

Calcaneotibial in lateral 
projection, °

114.0 ± 1.8 90.0 ± 1.3 131.0 ± 1.7 117.0 ± 1.1

Astragalocalcanean in lateral 
projection,  °

24.0 ± 1.5 26.0 ± 1.9 14.0 ± 0.5 16.0 ± 1.5
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analyzed. All patients were divided into several 
subgroups based on the value of this angle. Table 5 
shows the results of the comparative analysis.

The correction value was >20° and up to 
20° in most patients with equinus deformity up 
to  30° and  >30° before achillotomy, respectively. 
The  differences found in the compared subgroups 
were statistically significant (p < 0.01). Thus, the 
larger the equinus angle before achillotomy, the 
smaller the value of possible correction as a result 
of its implementation.

In addition, the equinus deformity correction 
value as a result of achillotomy was compared 
between 11 and 12 patients from groups 1 and 2, 
respectively, with the same equinus value before 
achillotomy, which was 20°–30°. Radiographic 
indicators before achillotomy in the patients from 
group 1 were as follows: the mean value of the 

astragalocalcanean angle on the radiographic image 
was 25° (10°–30°) and 25° (20°–35°) in the anterior–
posterior and lateral views, respectively; for patients 
of group 2, these angles were 13° (11°–15°) and 16° 
(10°–18°), respectively. Table 6 shows the results of 
the comparative analysis.

Correction of equinus deformity was significantly 
different in the patients of groups 1 and 2 with the 
same equinus value before achillotomy (p < 0.05) due 
to differences in the value of the astragalocalcanean 
angle on radiographs of the feet, that is, incomplete 
correction of the deformity at the level of the tarsal 
joints during achillotomy in the patients of group 2.

To clarify the amount of equinus deformity, 
which can be completely eliminated as a result of 
achillotomy, in all patients enrolled in the study, we 
estimated the frequency of complete correction of 
equinus after achillotomy, depending on the value 

Table 4
Mean correction values of equinus deformity as a result of achillotomy in the patients of groups 1 and 2  

based on clinical and radiographic indicators

Group
Equinus deformity

р
Clinical measurement, ° calcaneotibial angle on the 

radiographic image, °

One 27.0 ± 0.8
(20–30)

22.0 ± 0.8
(15–30)

0.01

Two 19.0 ± 0.9
(10–30)

14.0 ± 1.1
(0–20)

<0.01

Table 5
Correction values of equinus deformity of the foot as a result of achillotomy,  

depending on its initial value

Correction value  
of equinus deformity, °

Value of equinus before achillotomy, °

10–20
(n = 14)

21–30
(n = 23)

31 and more
(n = 19)

10–20

Number of patients

1
(7%)

6
(26%)

18
(95%)

21–30 13
(93%)

17
(74%)

1
(5%)

Table 6
Distribution of patients of groups 1 and 2 with an equinus contracture of 20°–30° based on the correction value 

of equinus deformity as a result of achillotomy

Correction value  
of equinus deformity, °

Group 1
(n = 11)

Group 2
(n = 12)

10–20 0 6
(50%)

21–30 11
(100%)

6
(50%)
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Fig. 2. Appearance and radiograph of the foot in the lateral projection of patient K. with clubfoot with arthrogryposis 
from group 1: a — before the beginning of casting according to Ponseti; b — before achillotomy; c — after achillotomy; 

and d — after additional stage casting (two casts)

 a b

 c d

110°

25°

88°
32° 78°

34°

Fig. 3. Appearance and radiograph of the foot in the 
lateral projection of patient M. with a clubfoot with 
arthrogryposis from group 2: a  — before the beginning of 
Ponseti method of casting; b  — before achillotomy; and 

c — after achillotomy

 a b

 c

120°

110°

12°

15°



Original PaPErS 57

 Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 7. Issue 2. 2019

of equinus before its implementation. Table 7 shows 
the results of this assessment.

Complete correction of the deformity after 
achillotomy was possible only in patients with an 
equinus value of up to 30° before achillotomy. In 
this case, complete correction of the deformity 
occurred in all cases with an equinus of up to 20° 
and 20°–30°, and achillotomy was effective only in 
half of the cases.

The illustration of some stages of treatment 
of patients of groups 1 and 2 with clubfoot with 
arthrogryposis according to the Ponseti method and 
radiographic data are presented in Figures 2 and 3.

Discussion

Some authors believe that the Ponseti method for 
treating patients with a clubfoot with arthrogryposis 
enables to achieve correction of the foot deformity 
without surgery [10, 11, 21]. However, some studies 
reported a good result of treatment in the course 
of plastering by Ponseti, but later in a fairly large 
percentage of cases (from 21% to 80%) from 3 
to 21  months after achillotomy, performing soft 
tissue releases was necessary because of equinus 
component relapse and forefoot adduction [15, 18, 
19, 23].

In some cases, during a clinical examination, 
making an error in the size estimation of the 
dorsal flexion after achillotomy is possible, and the 
correction (flexure) at the level of transverse tarsal 
joint will be considered as a true correction at the 
level of the ankle joint. Since 2010, we began to 
perform radiographic examinations of the feet in 
the lateral projection before and after achillotomy 
to evaluate its efficacy. Some authors argue that 
measurements on radiographs of feet in pediatric 
patients up to 9 weeks of life are inaccurate [24, 25]. 
In our study, the mean age of patients during 
achillotomy was 5.4  months, when the degree of 
ossification of the tarsal bones was sufficient for 
accurate construction of reference lines and angles.

We identified the relationship between 
radiographic data before achillotomy and the 
presence of residual equinus after its conduct. 
Thus, in all patients of group 2, after achillotomy, 
the residual equinus was noted with a mean 
value of 18 ± 1.5° (5°–30°), and in these pediatric 
patients before achillotomy, radiographic images 
showed larger calcaneotibial angle and smaller 

value of astragalocalcanean angle when compared 
with those of patients of group 1 (p < 0.01) who 
achieved complete equinus deformity correction. 
In addition, comparison of patients of groups  1 
and 2 with equal value of equinus deformity 
before achillotomy showed different efficacies of 
performing achillotomy, depending on the size of 
the astragalocalcanean angle on radiographic images 
of the feet.

Considering our study results and literature 
data, we can agree with the opinion that the larger 
the calcaneotibial angle and, more importantly, 
the smaller the astragalocalcanean angle before 
achillotomy, the less the possibility of equinus 
deformity correction [26]. This will be the 
radiographic criterion for predicting the residual 
deformities after achillotomy.

An increase in the calcaneotibial angle and 
a  decrease in the astragalocalcanean angle indicate 
a significant soft tissue retraction of the ankle 
joint, not only the Achilles tendon but also the 
posterior part of the ankle joint capsule, tendons of 
the posterior tibial muscle, and peroneal muscles. 
Therefore, equinus deformity will be retained at the 
expense of other retarded soft tissue structures after 
the subcutaneous intersection of only the Achilles 
tendon [26].

The study showed that the value of single-
stage correction of equinus deformity as a result of 
achillotomy in pediatric patients with arthrogryposis 
is rather limited. Thus, achillotomy was effective 
only in patients with an equinus deformity value 
of up to 30° before performing it, in which, on the 
basis of clinical and radiographic data, a complete 
correction of the deformity at the level of the tarsal 
joints was registered. Moreover, achillotomy was 
effective in all patients with equinus of up to 20°, 

Table 7
Frequency of complete correction of equinus deformity 

after achillotomy depending on the value of equinus 
deformity before its conduct

Equinus deformity value 
before achillotomy, °

Frequency of complete  
correction of equinus  

deformity after achillotomy, %

10–20 100

21–30 48

31–40 0

>40 0
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and at equinus of 20°–30°, complete correction 
of equinus deformity was achieved only in half 
of the cases. Therefore, if the value of equinus 
contracture before achillotomy is >30°, a single-
stage correction after achillotomy should not be 
considered; performing an open surgery to not 
create secondary deformities and not performing 
deliberately ineffective manipulations are better in 
this case.

Conclusions

For effective elimination of the equinus 
contracture in the treatment of clubfoot using the 
Ponseti method, closed subcutaneous achillotomy 
must be performed only after complete correction 
of the deformity at the level of the tarsal joints. 
In pediatric patients with arthrogryposis, we 
recommend radiography of the feet for more 
accurate visualization of astragalocalcanean 
divergence and calcaneal position. Furthermore, 
the calcaneotibial and astragalocalcanean angles 
on the foot radiograph in the lateral view before 
achillotomy represent an important prognostic 
criterion for residual deformity after it has been 
performed.

In addition, before achillotomy, the value of 
equinus contracture must be considered. Performing 
achillotomy is impractical with an equinus of >30°. 
Open surgery should be performed in such patients.
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