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Congenital pes metatarsus varus: role of arterial abnormalities in feet and

treatment duration and outcome in children

Konrenurannu merarap3yc Bapyc: 3Ha4aj BaCKyJIapHUX aOHOPMATHOCTH H Ty>KUHA

JeUCmla Koa JICHE

SUMMARY

Introduction/Objective We aimed to examine
proportion of patients with arterial abnormalities of
feet due to age and severity degree of pes metatarsus
varus (PMV), and to evaluate treatment duration and
outcome.

Methods The prospective longitudinal study included
240 patients with congenital PMV classified into 3 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/mode-
rate/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 treatment
outcome was poor (for Group-1-46.7%; Group-2-
60%; Group-3-62%), while in Group-B for Groups 1-2
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 advis-
able to perform ultrasound evaluation of arterial struc-
ture of feet, and particularly in-cases were such defor-
mity is more severe.

Keywords: Metatarsus varus; Arterial abnormalities;
Age; Severity degree; Physical. therapy; Treatment
outcome

INTRODUCTION

CAXKETAK

YBoa/lnss Luss paga je 6uo na ce ucmuTa ydecra-
jJocT OOJIECHHMKA ca apTepUjCKUM aOHOPMATHOCTHMA
CTOMajua y OJHOCY Ha y3pacT U CTENEeH TeXHHEe MeTa-
Tap3yc Bapyc aedopmurera (MB), kao u 1a ce eBany-
upa Ay’KMHA U UCXOJ JIeUerma.

Mertoae IIpocnekTHBHa JIOHTUTYyAWHAIHA CTYIAHja. je
oOyxBaTana 240 ucnuTaHuKa ca KOHreHuTanHumM MB
KOjU Cy TYIMHUCaHU y TpH y3pacTHe rpyme: ['pyna-1: <3
Mecena, rpymna-2: 3-9 meceuu, rpyna-3: 9=12 Mecenu
xuBota. Tpu kareropuje MB nedopmurersa cy ana-
nu3upaHe: Gnara/cpe/be TelKa/Tenrka: AHalu3upane
cy rpyne ca (I'pyna-A) u 6e3 (Ipyna-b) aprepujckux
abHOopMaiHOCTH. VIcXO Jeuema je KIMHUYKH KIIacH-
¢dukoBaH: nodap/3amoBossaBajyhu/monr.

Pesyararn [locToje cTaTHCTHUKY 3Ha4ajHE Pa3IUKe y
JUCTpUOYLMjU A€l Yy OJHOCY Ha y3pacT M CTeleH
TEXUHE TePOPMUTETa Ha NPBOM Iperieay Kao u y
IpUCYCTBY apTepujcke aOHOPMATHOCTH CTOIMaja
(»<0.01).. ¥V I'pynu-b, crapuja geua cy umana Tyxy
Gy3uKanIHy Tepanujy M JIOLIMje pe3yiTare Jederma.
Hctn TpeHn je 3a cTemeH TexuHE aedopMuTera
cronana . Y I'pynu-A Hajuemrhu ucxopx Tepamuje je
gom (I'pymna-1-46.7%; I'pyna-2-60%; I'pyna-3-62%),
nok je y I'pynu-b Hajuemthu ucxox nedema nobdap 3a
Ppyne 1-2 (I'pyna-1-90%,; I'pyna-2-40%), u 3a I'pymy-
3 3anoBosbaBajyhu (I'pyna-3-53.3%).

3akmpyuak Kox nene ca MB nmedopmurerom ce
caBeTyje  yITpa3BydyHa eBalyalWja  apTepHjcke
CTPYKTYpe cTomaia, y cilyyajeBUMa ca Ae(GopMUTETOM
TELIKOT CTeNeHa U CTapuje Jelle.

KibyyHe peuu: wmeratap3yc Bapyc; apTepHCjKe
aOHOPMATHOCTH; y3pacT; CTeleH TeXHUHE
nedopmuTeTa; GU3MKAIHA TEPAIH]ja; HCXOJ JIeUeHha

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 supination and could be as well presented as contracture at

the tarsometatarsal joints. The etiology of PMV and its associated skeletal, neuromuscular and

vascular changes have not been fully elucidated. 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 1-2 in 1000 births [2]. PMV is usually diagnosed at birth,

however such deformity in certain proportion of children could not be noticed until first year of life

[3]. Although deformities of the foot have been study extensively [4-6], there are a few studies of the
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effect of vascularization of these structures. Doppler 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 abnormalities of
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

The prospective longitudinal study included 240 patients with congenital PMV (50 had
unilateral deformities, and 190 had bilateral deformities), that were treated at University 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 experience of more than 4
years in pediatric rehabilitation. Other conditions and diseases (including other congenital anomalies,
syndromes and neuromuscular diseases) were excluded during complete clinical examination that
included examinations done by: board certified pediatrician, board certified pediatric surgeon, board
certified physiatrist and board certified radiologist. All" patients were treated by combined
electrotherapy, kinesiotherapy 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 on first visit, patients were classified into 3 groups due to
the walking modality: group <3 months of life included children (Group 1), group from 3 to 9 months
of life (Group 2), and group from 9 to. 12 months of life included (Group 3).

Based on clinical findings on first visit we classified the degree of PMV deformity into three
categories according to Bleck: mild (axis passes thru 3™ toe), moderate (axis passes between 3™ and
4™ toe) and severe (axis passes between 4™ and 5™ toe) [9].

The patients were examined by use of Doppler sonography at the beginning and at the end of
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
postetior 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 appropriate
probe/skin contact. The spectrum corresponding to the arterial circulation was best represented in
heterodynamic form showing bi-directional flow. Regarding the presence of arterial anomalies we
classified patients into 2 groups: group with changes (hypoplastic and aplastic changes of dorsal pedis

artery and tibial anterior artery) (Group A; N=90) and group without changes (Group B; N=150).
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Physical treatment was individually prescribed according to the severity degree of foot
deformity. In severe degree of such deformity kinesiotherapy with kinesiotaping was administered
along with corrective plaster cast. After increase in motion range of anterior part of foot abduction
electrostimulation of muscles that were inervated by peroneal nerve was included. Exponential
currents 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
kinesiotaping was administered along with corrective plaster cast, while in mild cases of foot
deformity we performed only kinesiotherapy and kinesiotaping. Kinesiotherapy was performed as an
exercise mode for increase in abduction, elevation and dorsiflexion of anterior parts of. feet.
Kinesiotaping was performed for increase in strength of peroneal muscle group.

After applied physical therapy, a clinical outcome was graded as: good, satisfactory and poor.
Passive stretching range in relation to normal foot position was used to_assess above mentioned
parameters, where for good treatment outcome 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 foot, while poor outcome was defined as/passive stretching not reaching
projected axis of normal foot.

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 percents. Treatment duration
was presented as median values (MV) with standard deviation (SD). Analytic statistical method of XZ
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
duration for age groups and severity degree of feet deformities we used one-way ANOVA test, while
for separate comparisons regarding treatment duration between different age groups and severity

degrees of feet deformities we used,Students T test. Statistical significance was set at p<0.05.

RESULTS

In Table 1 we presented frequencies of children of different age regarding the presence of
arterial anomalies. There is statistically significant difference in distribution of children regarding age
on first visit and/presence of feet arterial abnormalities (x2:32.8; p<0.01) (Table 1). Statistically
significant distribution of patients is noticed in each age group regarding presence of feet arterial

abnormalities (Group 1- ¥°=9.1; p<0.01, Group 2- x*=8.3; p<0.01, and Group 3- x*=32.0; p<0.01)

Table 1. Frequencies of children regarding age groups and presence of (Table 1).
feet arterial abnormalities. In table 2 we presented
2
X . .
AGE Group 1 Group 2 Group 3 value frequencies of children of

Group A 30 (33.3%)  10(11.1%) 50 (55.6%)

32.8*  different severity degree of
Group B 80(53.3%) 40 (26.7%) 30 (20.0%)

¥’ value 9.1% 8.3* 32.0% feet regarding the presence of
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Table 2. Frequencies of children regarding foot deformity severity degree arterial  anomalies.  We
and presence of arterial abnormalities. found statistically
Severity degree . )

of deformity Mild Moderate Severe % value significant difference in
Group A 0 (0.0%) 20 (22.2%) 70 (77.8%) " distribution of children

Group B 70 (46.6%)  40(267%)  40(26.7%) 3 u
1 value 59.3* 0.6 59.2% regarding deformity

*p<0.01

severity degree of feet on
first visit and presence of feet arterial abnormalities (x’=74.5; p<0.01) (Table 2). Statistically
significant distribution of patients is noticed in groups 1 and 3 of severity degree of feet regarding
presence of feet arterial abnormalities (Group 1- x°=59.3; p<0.01, Group 2- ¥*=0.6; p>0.05, and
Group 3- ¥*=59.2; p<0.01) (Table 2).

Statistical analysis between

Table 3. Statistical analysis between age groups and deformity

degree groups. age groups. and deformity degree

2
¥ value .
Parameters E A Group B groups. was presented in table 3.
Group 1/ Group 2 20.0* 26.7* Qur - findings showed presence of
Age Group 1/ Group 3 10.0* 45.5% D . ] )
Group 2/ Group 3 53.3% 2.9 significant difference n
Deformit Mild/ Moderate 40.0% 16.4% frequencies between age groups
oormiY Mild/ Severe 140.0% 16.4* 4 ge group
& Moderate/ Severe 55.6* 0.0 and between groups of different
*
p<0.01

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 between Group 2 and Group 3, and between groups of different severity degrees of
deformity (p<0.01), except for comparisons between moderate and severe degree deformity.

In table 4, we presented
Table 4. Mean duration of physical therapy and treatment outcome.

Treatment mean time of physical therapy
duration Treatment outcome
in patients with PMV regarding
Months Good Satisfacto Poor
(MV+SD) E age and severity degree of feet
Group/1 5.6£2.7 4 12 14 .
Group 2 3740.9 1 3 6 deformity separately for those
Group  Group 3 3.2+14 2 17 31 with and those without feet
A Mild 0.0£0.0 0 0 0
Moderate 4.8+2.3 5 9 6 arterial abnormalities. In group
Severe 2.7+2.2 2 23 45 . . .
Group 1 24417 7 ] 0 with feet arterial abnormalities,
Group 2 6.2+4.7 16 11 13 younger children had longer
Group  Group 3 18.4+11.9 0 16 14
B Mild 5.4+2.1 64 6 0 physical therapy, while those
Moderate 8.8+4.5 19 9 2 . .
Severe 16.94103 5 20 15 with severe deformity had
shorter physical therapy. In

group without feet arterial abnormalities, older children had longer duration of physical therapy, same
trend applies as severity degree of feet deformity increases. Regardless the age, in Group A, the most

frequent treatment outcome was poor (for Group 1 — 46.7%; Group 2- 60%; Group 3- 62%), while in
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Group B in younger patients Groups 1-2 treatment outcome was frequently good (Group 1- 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 separately for group with and group without feet arterial abnormalities was presented
in table 5. For the group of patients with arterial abnormalities of feet, our results showed statistical

significance in deference between age groups except between Group 2 and Group 3. There is no

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

frequencies of
5 Treatment
Treatment duration
outcome treatment outcome
t test ANOVA 2 . 2 .
(T value) (F value) * value regatdingfage (¥'=3.3;
Group 1/ Group 2 2.169* p>0.05) while we found
Group 1/ Group 3 5.235" Grl‘f;ps 15.123 33 9 .
Group  Group 2/ Group 3 1.081 : significant  differences
A Moderate/ Severe  3.7287  Moderate/ - 13,7 in  frequencies  of
Severe
Group 1/ Group 2 6.457" Grou treatment outcome
ps f f

Group 1/ Group 3 11.796 13 79.133 84.1 . )
Group  Group 2/ Group 3 5.910" regarding severity
B Mild/ Moderate 5.390" Mild/ dearee of foet

Mild/ Severe 9.047"  Moderate/  47.547" 73.5° £

Moderate/ Severe 4.558" Severe deformities (X2:13-7;

*.p<0.05; "-p<0.01
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).

DISCUSSION

According to the post-mortem examination [11], vascular 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 anterior 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 gestation
were found in another study [14]. These findings are compatible with the theory of discontinuited
embrional development 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 abnormalities of feet we have noticed that as

children are older, the more frequently PMV is diagnosed and more severe degree of deformity.
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Contrary to these observations, further, 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.

The more frequent vascular changes we detected in older children in our study were probably
the result of adaptation 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 frequencies 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 deformity. In the review article of
Williams et at, recommendations 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 professional experience in physical
treatment of PMV deformity.

We have pointed out that children with PMV and arterial abnormalities as they are older have
significantly shorter duration of physical therapy with more frequently poorer treatment outcome
regardless the age. Shorter duration of physical therapy in older children with arterial abnormalities of
feet are due to the fact that regardless the age, physical treatment outcome is frequently poor, thus
other treatment modalities' (eg: corrective surgery) might be of benefit in overall treatment outcome.
Despite the fact that these childrenare referred to pediatric surgeon, physical therapy is shown to have
to the certain degree beneficial effects on treatment outcome. However, it should be stressed out that
physical therapy improves passive stretching of feet with PMV in children with arterial foot
abnormalities and reduces the extensivity of surgical procedures enabling reduction of possible
postoperative complications.

Regarding degree of deformity severity, our study have stressed out that severe degree of
deformity had shorter duration of physical treatment. This was due to the fact that such deformity in
cases with present arterial abnormalities of feet is more resistible to physical treatment modalities.

Previously it was stated that mild deformities of metatarsus adductus have good response to
physical treatment [16], and that younger children have better correction outcome, particularly within
first months of life [17]. Our results for the group without arterial abnormalities of feet are in line with
previous reports. We have demonstrated that for this group of patients, younger children have shorter

duration of physical treatment and significantly better treatment outcome.
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CONCLUSIONS

Our findings have demonstrated how complex is diagnostic and treatment approach to the
metatarsus varus deformities in children, particularly in treatment duration and treatment outcome.
However, in older children (with walking independence) with metatarsus varus deformities it might
be advisable to perform ultrasound evaluation of arterial structure of feet, and particularly in cases
were such deformity is more severe. This is justified by the fact that severe deformities in. young
children within first months of life, with arterial abnormalities could be due to the presence of such
abnormalities, while in older one such abnormalities might be the secondary complications of non-

physiological structures of feet.

REFERENCES

[

Herring JA (Ed). Tachdjian's pediatric orthopedics. 4th edition. Philadelphia: Saunders Elsevier; 2008.

2. Gore Al Spencer JP. The newborn foot. Am Fam Physician. 2004; 69(4): 865-72.

3. Hart ES, Grottkau BE, Rebello GN, Albright MB. The newborn foot: diagnesis and management of common
conditions. Orthop Nurs. 2005; 24(5): 313-21.

4. VanderHave KL, Hensinger RN, King BW. Flexible cavovarus foot in children and adolescents. Foot Ankle
Clin. 2013; 18(4): 715-26.

5. DeHeer PA. Pediatric foot deformities. Clin Podiatr Med Surg.2013; 30(4): xiii.

6. Kedem P, Scher DM. Foot deformities in children with cerebral palsy. Curr Opin Pediatr. 2015; 27(1): 67—
74.

7. Katz DA, Albanese EL, Levinsohn EM, Hootnick DR; Packard DS Jr, Grant WD, et al. Pulsed color-flow
Doppler analysis of arterial deficiency in idiopathic clubfoot. J,Pediatr Orthop 2003; 23(1): 84-7.

8. Vispo Seara JL, Arnold JP, Lorenz M, Krauspe R. Arterial blood flow in congenital idiopathic clubfoot. Z
Orthop Thre Grenzgeb. 1996; 134(6): 533-6.

9. Bleck EE. Metatarsus adductus: Clasiffication and relationship to outcomes of treatment. J Pediatr Orthop.
1983; 3(1): 2-9.

10. Myers K, Clough A (Eds). Making sense of vascular ultrasound: a hands-on guide. Boca Raton: CRC Press,
Taylor & Francis Group; 2004.

11. Greider MD, Siff SJ, Gerson P, Donovan MM. Arteriography in clubfoot. J Bone Joint Surg (Am). 1982;
64(6): 837-40.

12. Kelikian AS (Ed). Sarrafians anatomy of the foot and ankle: descriptive, topographic, functional. 3" edition.
Philadelphia: Lippincott Williams & Wilkins; 2011.

13. Pinto JA, Blumetti FC, Tha LAN; Terasaka MK, Sodré H, Ishida A. Evaluation of arterial anatomy in
congenital clubfoot with color doppler ultrasound. Acta Ortop Bras. 2008; 16(5): 270-4.

14. Irani RN, Sherman MD. The pathological anatomy of idiopathic clubfoot. Clin Orthop. 1972; 84: 14-9.

15. Williams CM, James AM, Tran T. Metatarsus adductus: development of a non-surgical treatment pathway. J
Paediatr Child Health. 2013; 49(9): E428-33.

16.Herzenberg JE, Burghardt RD. Resistant metatarsus adductus: prospective randomized trial of casting versus
orthosis. J Orthop Sci. 2014; 19(2): 250-6.

17. Utrilla-Rodriguez E, Guerrero-Martinez-Cafiavete MJ, Albornoz-Cabello M, Munuera-Martinez PV.

Corrective Bandage for Conservative Treatment of Metatarsus Adductus: Retrospective Study. Phys Ther.

2016; 96(1): 46-52.

DOTI: https://doi.org/10.2298/SARH180115017C Copyright © Serbian Medical Society



