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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 (p < 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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Beepenune. Metop IloHceTH MMPOKO IPUMEHAIOT IIPY JIEYEHUN JieTell ¢ KOCOMANIOCTDIO IIpU apTporpumose. BenencTeue
BBICOKOJ PUTMIHOCTY TKaHel 3aKpbITas IOKOXKHAA aXM/TIOTOMMSA Y TaKMX MallMeHTOB He TapaHTUPYeT BO3MOXKHOCTH
IIOTHOJ KOPPEKIMM 3KBUHYCA, YTO 3acCTaB/IAeT BO MHOTMX CIy4asX II€pPecMaTpUBaTh KOHIEIIMIO €€ BbIITOTHEHNA.
Ilenn mccmenoBaHma — paspaboTKa KpUTEpUeB MPOTHO3MPOBaHMA 3PPEKTUBHOCTU aXWUIOTOMUM I GopMupoBa-
HuA g depeHIMPOBaHHOrO NMOAXOAA K €e BBIIIOTHEHNUIO ¥ IeTell ¢ apTPOrpUIIO30M.

Marepuansl u MeTopbl. PaboTa 0cHOBaHa Ha PeTPOCIIEKTVBHOM aHA/IM3€e Pe3y/IbTaTOB 3aKPBITON IMOAKOXKHON aXmIo-
ToMMM y 28 manueHToB (56 cTom) ¢ apTporpuno3oM. CpefHuil BO3pacT MALMeHTOB Ha MOMEHT BBIIOIHEHNA aXUIIIO-
TOMMUU COCTaBIAN 5,4 Mecsua (2-8 mecsues). [TanyeHTs! 6bUIM pasfe/ieHbl Ha [{Be TPYIIIbI B 3aBUCUMOCTY OT HalIN4us
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PesNAyaIbHOrO SKBIUHYCA [IOCTIe OKOHYAHMs JIedeHust o MeToxy IloHceTn. Beem manmeHTaM IpOBOAMIN KIMHIYECKOE
U PEHTTEHOIOTMYECKOe VCCIEfOBAHIE.

Pesynbrarel u ux o6cyxpenue. B 1-1o rpymnmny Bouumn 12 manueHToB (24 CTONBI), Y KOTOPBIX IOC/IE aXM/UIOTOMUNI
OBIIO JOCTUTHYTO HENTpaIbHOE IIOJIOXKEHME CTOIBI VI OblTa BO3MOXKHA ThIIbHAsL (iekcust >5°, Bo 2-10 — 16 manm-
eHTOB (32 CTOIIBI) C pe3nAyaIbHBIM SKBIUHYCOM IIOCTIE aXM/UIOTOMMY, KOTOPBIM IIOTPe6OBaIOCh IPOBEfeH e XUPYPI-
YeCKOro BMelIaTenbcTBa. [Ipy cpaBHEHUM ABYX IPYIII YCTAHOBIEHO, YTO Y MALMEHTOB 2-11 TPYIIIbl IO aXMITOTOMII
Ha PeHTTeHOrpaMMe B GOKOBOII IIPOEKLNN 3HAYeHMe ISTOYHO-00MbIIe6epIloBOro yria OblIo JOCTOBEPHO 6orblie,
a TapaHHO-IITOYHOIO YIVIa JOCTOBEPHO MeHbllle 110 CpaBHEHUIO ¢ maumeHTamu 1-if rpynmsl (p < 0,01). Koppexuns
SKBMHYCHOJ HeopMaluy B pes3ynbTaTe axu/UIOTOMUY Y AeTell C apTPOTPUIIO30M ObUIa OrpaHMYeHa M COCTaBUIA
B 1-i1 rpymne B cpegneM 27° (20-30°), Bo 2-11 rpynme — 19° (10-30°).

3akmrovenne. /1151 93¢ eKTVBHOrO yCTpaHEHNs] 9KBUHYCHON KOHTPAKTYPBI IPY JIEYEHUM KOCOMANOCTH 110 METOLY
IToHCeTH 3aKPBITYIO MOLKOXKHYIO aXMJIOTOMMIO HEOOXONMMO OCYIIECTBIIATb TONBKO IIOC/Ie IOMHOM KOPPEKLMM Jie-
¢dopManuu Ha ypoBHe CYCTaBOB IPEAIIIOCHBL Y AeTell ¢ apTPOTpUIIO30M At 6o/iee TOYHON BM3yanusaluyl TapaH-
HO-IIAITOYHOJ [VBEPreHLUM U IOJIOXKEHNs ISTOYHON KOCTM Mbl PEKOMEH[YeM BBIIOIHATh PEHTTeHOrpaduio CTOIL
[Ipu 9TOM BeMMYMHA MATOYHO-O0/BIIEOEPIIOBOTO U TAPAHHO-ISITOYHOIO YIJIOB Ha PeHTITeHOrpaMme B GOKOBOII IIpo-
eKIMN [IO aXWIOTOMUY SIB/ISIETCSI BXHBIM IIPOTHOCTMYECKUM KpuTepueM ee addextuBHOCTH. Kpome Toro, meper
AXMUIOTOMYEl HeOOXOAMMO YYMTHIBATH BEMNYNMHY 3KBUHYCHOM KOHTpakTypbl. IIpm Hammuaum sxBuHyca 6omee 30°
[IPOBefieHNe aXI/UIOTOMIN HerenecoobpasHo. TakuM IarMeHTaM CIefyeT BBIIOMHITh OTKPBITOE XUPYPriudecKoe BMe-

IaTeIbCTBO.

KnroueBbie cmoBa: KOCO/MaIoOCTh; ApTPOTPUIIO3; METOL IToHceTu; axmroToMums.

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

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°

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 ¢ 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
Severity assessment, points
Period of the severity assessment p
Group 1 Group 2

Before plastering 50+0.2 52+0.1 0.34

Before achillotomy 25+0.2 3.6+0.1 <0.01

After achillotomy 1.5+0.1 26£0.1 <0.01
m Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 7. Issue 2. 2019
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Table 2

Mean value of the equinus deformity angle before and after achillotomy
in the patients of groups 1 and 2

Equinus deformity angle, °
Period of determining the angle p
Group 1 Group 2
Before achillotomy 23.0+ 1.1 370+ 14 <0.05*
After achillotomy -4.0* + 1.1 18.0+ 1.8 <0.05*

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

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 ¢ 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 3
Radiographic data before and after achillotomy in the patients of groups 1 and 2
Group 1 Group 2
Angles on X-ray images Before After Before After
achillotomy achillotomy achillotomy achillotomy
Astragalocalcanean in antero- 19.0+ 1.0 - 10.0 £ 0.6 -
posterior projection, °
Calcaneotibial in lateral 1140+ 1.8 90.0 + 1.3 131.0 £ 1.7 117.0 £ 1.1
projection, °
Astragalocalcanean in lateral 240%15 26.0 + 1.9 140+ 0.5 160+ 1.5
projection, °©
m Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 7. Issue 2. 2019
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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
Equinus deformity
Group Clini o | calcaneotibial angle on the p
inical measurement, . S 0
radiographic image,
One 27.0£0.8 22.0+£0.8 0.01
(20-30) (15-30)
Two 19.0+0.9 14.0x1.1 <0.01
(10-30) (0-20)
Table 5
Correction values of equinus deformity of the foot as a result of achillotomy,
depending on its initial value
Value of equinus before achillotomy, °
Correction value
of equinus deformity, ° 10-20 21-30 31 and more
(n=14) (n=23) (n=19)
Number of patients
10-20 1 6 18
(7%) (26%) (95%)
21-30 13 17 1
(93%) (74%) (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 Group 1 Group 2
of equinus deformity, ° (n=11) (n=12)
10-20 0 6
(50%)
21-30 11 6
(100%) (50%)

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
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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; ¢ — after achillotomy;
and d — after additional stage casting (two casts)

e

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
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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

Table 7

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

Frequency of complete
correction of equinus
deformity after achillotomy, %

Equinus deformity value
before achillotomy, °

10-20 100

21-30 48

31-40 0
>40 0

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°,
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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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