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SUMMARY

Introduction/Objective The aim of this paper was to examine proportion of patients with arterial ab-
normalities of feet due to age and severity degree of pes metatarsus varus (PMV), and to evaluate the
treatment duration and outcome.

Methods The prospective longitudinal study included 240 patients with congenital PMV classified into
three age groups: group < 3 months of life (Group 1), group 3-9 months (Group 2), and group 9-12 months
(Group 3). Three categories of PMV were analyzed: mild/moderate/severe. Groups with arterial anomalies
(Group A) and without (Group B) were analyzed. Clinical outcome was graded as: good/satisfactory/poor.
Results There is statistically significant difference in distribution of children regarding age and severity
degree on first visit and presence of feet arterial abnormalities (p < 0.01). For Group A, younger children
had longer physical therapy, while for Group B, older children had longer duration of physical therapy.
Same trend applies as severity degree of foot deformity increase. In Group A, the most frequent treat-
ment outcome was poor (for Group 1 — 46.7%; Group 2 - 60%; Group 3 - 62%), while in Group B for
Group 1 and Group 2 it was frequently good (Group 1 - 90%; Group 2 — 40%), and for Group 3 frequently
satisfactory (Group 3 - 53.3%).

Conclusion In children with PMV it might be advisable to perform ultrasound evaluation of arterial
structure of feet, and particularly in cases were such deformity is more severe.

Keywords: metatarsus varus; arterial abnormalities; age; severity degree; physical therapy; treatment

outcome

INTRODUCTION

Congenital pes metatarsus varus (PMV) is a term
denoting deformity of children’s foot in which
the forepart of the foot is in adduction and supi-
nation and could be as well presented as contrac-
ture at the tarsometatarsal joints. The etiology of
PMYV and its associated skeletal, neuromuscular
and vascular changes have not been fully eluci-
dated. Despite the fact that it can be presented
as isolated abnormality, possible neuromuscular
deformities and syndromic conditions should
be considered [1]. The incidence is estimated to
be around one to two in 1,000 births [2]. PMV
is usually diagnosed at birth; however, such de-
formity in certain percentage of children could
not be noticed until the first year of life [3]. Al-
though deformities of the foot have been studied
extensively [4, 5, 6], there are a few studies of the
effect of vascularization of these structures. Dop-
pler sonography has also been used to establish
the possible presence of vascular anomalies in
association with foot disorders [7, 8].

The purpose of the study was to examine
proportion of patients with arterial abnormali-
ties of the feet with regards to age and severity

degree of PMV deformity. Additional aim was
to evaluate treatment duration and outcome in
defined age groups and severity degree of PMV
deformity that is related to presence of arterial
blood vessels abnormalities in feet.

METHODS
Study group

The prospective longitudinal study included
240 patients with congenital PMV (50 had
unilateral deformities, and 190 had bilateral
deformities), that were treated at the Univer-
sity Children’s Hospital in Belgrade, Serbia.
The study period was 4 years, from December
2013 to December 2017 year. The diagnosis was
established by board certified physiatrist with
4 or more years of experience in pediatric re-
habilitation. Other conditions and diseases (in-
cluding other congenital anomalies, syndromes
and neuromuscular diseases) were excluded
during complete clinical examination that in-
cluded examinations done by: board certified
pediatrician, board certified pediatric surgeon,
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board certified physiatrist and board-certified radiologist.
All patients were treated by combined electrotherapy, ki-
nesiotherapy and applications of corrective plaster cast.
The physical therapists that were included into treatment
performance were specialized for pediatric population.
The criteria for termination of physical therapy were same
results in foot correction on two consecutive examinations
by board certified physiatrist.

According to the age of participants at first visit, patients
were classified into three groups due to the walking mo-
dality: Group 1 included those < 3 months of life, Group
2 included those 3-9 months of life, and Group 3 those
9-12 months of life.

Based on clinical findings at first visit, we classified the
degree of PMV deformity into three categories, according
to Bleck: mild (axis passes thru the third toe), moderate
(axis passes between the third and the fourth toe) and se-
vere (axis passes between the fourth and the fifth toe) [9].

The patients were examined by use of Doppler sonogra-
phy at the beginning and at the end of the applied therapy.
The following arteries were examined: dorsalis pedis artery,
anterior tibial artery and posterior tibial artery. Pressures
were recorded over the customary anatomic positions: for
the posterior tibial artery scans were taken posteriorly to
the medial malleolus; for the anterior tibial artery, above the
lateral malleolus on the anterior aspect, dorsal portion of the
mid-front [10]. Doppler display was provided by placing
the probe over the examined artery with acoustic gel for ap-
propriate probe/skin contact. The spectrum corresponding
to the arterial circulation was best represented in hetero-
dynamic form showing bi-directional flow. Regarding the
presence of arterial anomalies, we classified patients into 2
groups: group with changes (hypoplastic and aplastic chang-
es of dorsal pedis artery and tibial anterior artery) (Group
A; n =90) and group without changes (Group B; n = 150).

Physical treatment was individually prescribed accord-
ing to the severity degree of foot deformity. In severe de-
gree of such deformity Kinesiotherapy with the Kinesio
Taping® was administered along with corrective plaster
cast. After increase in motion range of anterior part of
foot abduction electrostimulation of muscles that were in-
nervated by peroneal nerve was included. Exponential cur-
rents were applied with stimulation duration of 10 ms and
pause of 20 ms for patients without neurogenic lesions. In
some cases, galvanization was applied. In moderate cases
Kinesiotherapy with Kinesio Taping® was administered
along with corrective plaster cast, while in mild cases of
foot deformity we performed only Kinesiotherapy and
Kinesio Taping®. Kinesiotherapy was performed as an ex-
ercise mode for increase in abduction, elevation and dor-
siflexion of anterior parts of feet. Kinesio Taping” was per-
formed for increase in strength of peroneal muscle group.

After applied physical therapy, a clinical outcome was
graded as: good, satisfactory or poor. Passive stretching
range in relation to normal foot position was used to assess
above mentioned parameters, where good treatment out-
come passive stretching was above projected axis of normal
foot, satisfactory outcome was defined as range motion of
passive stretching to but not above projected axis of normal
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foot, while poor outcome was defined as passive stretching
not reaching projected axis of normal foot.

Statistical analysis

To present frequencies of participants age in defined
groups, severity degree of feet deformities in defined
groups and treatment outcome we used whole numbers
and percentages. Treatment duration was presented as me-
dian values (MV) with standard deviation (SD). Analytic
statistical method of x* test was used to assess statistical
difference between age groups and severity degree of foot
deformity in patients with and without changes on Doppler
ultrasonography. For statistical analysis of treatment dura-
tion for age groups and severity degree of feet deformities
we used one-way ANOVA test, while for separate com-
parisons regarding treatment duration between different
age groups and severity degrees of feet deformities we used
Student’s T test. Statistical significance was set at p < 0.05.

RESULTS

In Table 1 we presented frequencies of children of dif-
ferent age regarding the presence of arterial anomalies.
There is statistically significant difference in distribution
of children regarding age at first visit and presence of feet
arterial abnormalities (x* = 32.8; p < 0.01) (Table 1). Statis-
tically significant distribution of patients is noticed in each
age group regarding presence of feet arterial abnormalities
(Group 1 X*=9.1;p < 0.01, Group 2 x* = 8.3; p < 0.01, and
Group 3 x* = 32.0; p < 0.01) (Table 1).

Table 1. Frequencies of children regarding age groups and presence
of feet arterial abnormalities

AGE Group 1 Group 2 Group 3 X? value
Group A 30(33.3%) | 10(11.1%) | 50 (55.6%) 308
Group B 80(53.3%) | 40(26.7%) | 30 (20.0%)

x? value 9.1* 8.3* 32.0*%

*p <0.01

Table 2. Frequencies of children regarding foot deformity severity
degree and presence of arterial abnormalities

2?‘&2?;¥rgﬁgree Mild Moderate Severe ¥? value
Group A 0(0.0%) | 20(22.2%) | 70 (77.8%) 74.5%
Group B 70 (46.6%) | 40 (26.7%) | 40 (26.7%)

X value 59.3*% 0.6 59.2*

*p <0.01

In Table 2 we presented frequencies of children of differ-
ent severity degree of feet regarding the presence of arterial
anomalies. We found statistically significant difference in
distribution of children regarding deformity severity degree
of feet at first visit and presence of feet arterial abnormali-
ties (x> = 74.5; p < 0.01) (Table 2). Statistically significant
distribution of patients is noticed in Group 1 and Group 3
of severity degree of feet regarding presence of feet arterial
abnormalities (Group 1 x* = 59.3; p < 0.01, Group 2 x*= 0.6;
p > 0.05, and Group 3 x*= 59.2; p < 0.01) (Table 2).
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Statistical analysis between age groups and deformity de-
gree groups was presented in Table 3. Our findings showed
presence of significant difference in frequencies between age
groups and between groups of different severity degrees of
deformity for the group with present feet arterial anomalies
(p < 0.01). For the group without arterial abnormalities of
feet there is significant difference in frequencies between
observed age groups (p < 0.01) except for comparisons be-
tween Group 2 and Group 3, and between groups of differ-
ent severity degrees of deformity (p < 0.01), except for com-
parisons between moderate and severe degree deformity.

Table 3. Statistical analysis between age groups and deformity degree
groups

x> value
Parameters
Group A Group B

Group 1/ Group 2 20.0* 26.7*
Age Group 1/ Group 3 10.0* 45.5%

Group 2/ Group 3 53.3% 29

Mild/Moderate 40.0* 16.4*
Deformity degree | Mild/Severe 140.0* 16.4*

Moderate/Severe 55.6* 0.0

*p <0.01

Table 4. Mean duration of physical therapy and treatment outcome

@ Treatment duration Treatment outcome
Months (MV = SD) | Good | Satisfactory | Poor

Group 1 56+27 4 12 14
< Group 2 3.7+£09 1 3 6
= Group 3 32+14 2 17 31
8 Mild 0.0+0.0 0 0 0
Moderate 48+23 5 9 6
Severe 27+22 2 23 45
Group 1 24+17 72 8 0
o Group 2 6.2+4.7 16 1 13
o Group 3 184119 0 16 14
S | Mild 54+2.1 64 6 0
Moderate 8.8+45 19 9 2
Severe 16.9+£10.3 5 20 15

MV - median values; SD - standard deviation

In Table 4, we presented mean time of physical therapy
in patients with PMV regarding age and severity degree of
feet deformity separately for those with and those without
feet arterial abnormalities. In group with feet arterial ab-
normalities, younger patients had longer physical therapy,
while those with severe deformity had shorter physical
therapy. In group without feet arterial abnormalities, old-
er patients had longer duration of physical therapy, same
trend applies as severity degree of feet deformity increases.
Regardless of the age, in Group A, the most frequent treat-
ment outcome was poor (for Group 1 it was 46.7%; Group
2 60%; Group 3 62%), while in Group B, in younger pa-
tients Group 1 and Group 2 treatment outcome was fre-
quently good (Group 1 was 90%; Group 2 — 40%), while
for Group 3 treatment outcome was frequently satisfactory
(Group 3 - 53.3%) (Table 4).

Statistical comparisons of treatment duration for age
groups of patients and for different severity degrees sepa-
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rately for group with and group without feet arterial abnor-
malities was presented in Table 5. For the group of patients
with arterial abnormalities of feet, our results showed sta-
tistical significance in deference between age groups except
between Group 2 and Group 3. There is no significant dif-
ference in frequencies of treatment outcome regarding age
(x* = 3.3; p > 0.05) while we found significant differences in
frequencies of treatment outcome regarding severity degree
of feet deformities (x* = 13.7; p < 0.01) (Table 5). For the
group of patients without arterial abnormalities of feet, we
found significant differences between groups of different
degree of feet deformities (p < 0.01), and between age groups
(p < 0.01) except comparisons between Group 1 and Group
3. There is significant difference in frequencies of treatment
outcome regarding age (x> = 84.1; p < 0.01) and severity
degree of feet deformities (x* = 73.5; p < 0.01) (Table 5).

Table 5. Statistical analysis of treatment duration between age groups
and severity degrees of feet deformities

Treatment duration UIEEWE:
outcome
Groups
t test ANOVA 2value
(T value) (F value) X
Group 1/Group 2| 2.169*
< o Groups %
a Group 1/Group 3 | 5.235 1-3 15.123 33
§ Group 2/Group 3| 1.081
G]
Moderate/Severe | 3.728** Mg derate/ - 13.7%*
evere
Group 1/Group 2 | 6.457**
GI’OUpS *% *%
o Group 1/Group 3| 11.796 1-3 79.133 84.1
2 Group 2/ Group 3 | 5.910%*
8 Mild/Moderate 5.390%* Mild/
Mild/Severe 9.047** | Moderate/ | 47.547** | 73.5**
Moderate/Severe | 4.558%* | Severe

*p < 0.05; **p < 0.01

DISCUSSION

According to the post-mortem examination [11], vascu-
lar abnormalities were found in 2.4-7.1% of patients with
normal feet [12]. It is pointed out as well that 3.7-12% of
population with normal feet has certain degree of ante-
rior tibial artery abnormality [13]. Abnormal angiograms
showing a vascular model similar to the vascular structures
seen in fetal angiograms after up to 3 months of gesta-
tion were found in another study [14]. These findings are
compatible with the theory of discontinued embryonal de-
velopment as a cause of congenital anomalies of the lower
limbs. Thus, foot deformity may result from the persistent
model of the fetal circulation and occur as consequence of
injury or infection during a specific level of development.
They represent a discontinuation of normal development
and are usually present at birth.

In our study from the group with present arterial abnor-
malities of feet we have noticed that as the patients got older,
the more frequently PMV was diagnosed and more severe
the degree of deformity. Contrary to these observations, fur-
ther, for the group without arterial abnormalities, PMV was
more frequently diagnosed in younger children, and more
severe deformities were seen in younger patients as well.
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The more frequent vascular changes we detected in
older children in our study were probably the result of ad-
aptation, rather than the cause of developmental deformity.
Thus, bearing in mind the anatomy of arterial vessels in the
foot, it might be postulated that lesions of the dorsalis pedis
artery could occur only when a child with foot deformity
begins to walk and therefore are more likely to be the result
of injuries. This hypothesis could be justified by the results
of our study, where we found significant increase of fre-
quencies in PMV deformity as children are older between
all age groups in case where arterial abnormalities of feet
were diagnosed, while significant changes in frequencies
of PMV between age groups (Group 2 and Group 3) were
not noticed for those without feet arterial abnormalities.
Same applies with the degree of foot deformity.

So far, there are a few studies and no clear consensus
regarding physical treatment duration and outcome for
children with diagnosed congenital metatarsus varus de-
formity. In the review article by Williams et at, recom-
mendations for the treatment of metatarsus adducts were
analyzed, and authors stressed out that there is limited
high-level evidence regarding flexible metatarsus adductus
non-surgical treatment and contradictions in treatment
of semi-flexible metatarsus adductus [15]. Therefore, we
wanted to present the findings of our study from profes-
sional experience in physical treatment of PMV deformity.

We have pointed out that as children with PMV and
arterial abnormalities get older, they have a significantly
shorter duration of physical therapy with more frequently
poorer treatment outcome regardless of the age. Shorter
duration of physical therapy in older children with arterial
abnormalities of feet are due to the fact that regardless of
the age, physical treatment outcome is frequently poor, thus
other treatment modalities (e.g. corrective surgery) might
be of use in overall treatment outcome. Despite the fact that
these children are referred to pediatric surgeon, physical
therapy is shown to have to the certain degree beneficial ef-
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KoHreHUTanHu MeTaTap3yc BapycC — 3Haqaj BACKY/1TapPHUX a6|-|opman|-|ocm n

AYXUHa Neyerba Koa aeue

[parana huposuh'?, lejaH Hukonuh'?, TatjaHa KHexeBuh? BecHa bokaH-Mupkosuh?, MonuHa Masuhesuh'*, Bnagumnp

Papnosuh?, BaHa MeTpoHuh'?
'YHuBep3utet y beorpagy, MeguumHcku dakynter, beorpag, Cpbuja;

2YHuBep3nTeTCKa Aevja KnnHuka, Cnyxba dusmkanHe meguumnHe u pexabunutaumje, beorpag, Cpbuja;
3KnuHnuku ueHTap LipHe lTope, Cyx6a dpusmnkanHe meguumHe u pexabunutauuje, Mogropuua, LUpHa fopa;
*YHuBep3uTeTCKa Aevja KnuHuka, Cnyx6a papunonoruje, beorpag, Cpbuja;

YHnBep3uTeTCKa Aedja knuHuKa, Cnyx6a aeuje xupypruje, beorpag, Cpbuja

CAXETAK

YBoa/Lum Linb paga je 61o aa ce ncnmta yyectanoct bonec-
HUKa Ca apTepujCKMM abHOPMaTHOCTMa CToMana y OBHOCY Ha
Y3pacT U1 CTeneH TexuHe fgepopmmteta meTatap3yc Bapyc (MB),
Kao 1 fja ce eBanyupajy Ay>KMHa 1 UCXop Neyerba.

Metope [NpocneKkTBHa NOHIUTYAVHAMHA CTyAMja je obyxBaTana
240 ncnnTaHUKa ca KoHreHutanHum MB Koju cy rpynucanm y
TpW y3pacTHe rpyne: < 3 meceua *uBoTa (rpyna 1), 3-9 mece-
um (rpyna 2) n 9-12 meceuu (rpyna 3). AHanmsrpaHe cy Tpu
KaTteropuje gedopmmteta MB: 6nara / cpefbe TellKa / TeLKa,
Kao M rpyne ca apTepujckum abHopmanHocTuma (rpyna A) n
6e3 apTepujckrx abHopmanHocTy (rpyna b). Micxop nevema je
KNVHWYKKM KnacndukoBaH: aobap/3agososbaajyhu/nolu.
Pe3ynTaTtu [10CToje CTaTUCTIYKM 3HaUajHe pa3nvike y AUcTprby-
LMju AeLe y OfHOCY Ha y3pacT U CTEMEH TeXHe AedpopmmteTa

Srp Arh Celok Lek. 2019 Jan-Feb;147(1-2):65-69

Ha MPBOM Nperneay, Kao 1y NPUCYCTBY apTepujcke abHopman-
HocTun cTonana (p < 0,01). Y rpynu b ctapuja geua cy umana
ByXy du3nKanHy Tepanujy v nioluvje pesynTate neyerba. Mctm
TPEeH[ je 3a cTeneH TexuHe gedopmuteta ctonana. Y rpynu A
Hajuewhu ncxog Tepanuje je now (rpyna 1 - 46,7%; rpyna 2 —
60%; rpyna 3 - 62%), AOK je y rpynu b Hajuewhn ncxog neyerba
pobap 3a rpyny 1 u rpyny 2 (rpyna 1 - 90%; rpyna 2 — 40%) v
3apoBosbaBajyhu 3a rpyny 3 (53,3%).

3aksyuak Kog feule ca sedopmutetom MB caBetyje ce yntpas-
BYYHa eBanyaluja apTepujcke CTPyKType cTonana y cinyyaje-
BMMa ca AeOPMMTETOM TELLKOT CTENeHa 1 Kog cTapuje AeLe.

KrbyuHe peun: MeTatap3yc Bapyc; apTepujcke abHOPManHOCTH;

y3pacT; cTeneH TexunHe aebopmuteTa; dusnkanHa Tepanuja;
NCXOp, Nevetrba
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