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Growth and development

Neonatal metatarsus adductus, joint mobility, axis
and rotation of the lower extremity
in preterm and term children 0-5 years of age*
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Abstract. A total of ,184 premature childrcn and a control
group of 114 healthy term chi ldren underwent orthopacdic
follow-up from birth to 5 years of age. At birth, metatarsus

adductus was found to be more frequent in twins than in single
infants (417o vs 16%: P < 0.01), but occurred with equal fre-
quency in single preterm and term infants (16% vs l2%). By

5 years of age, metatarsus adductus had rcsolved in all the
term but only in 81% of the preterm chi ldren (P<0.05). In

the preterm and term groups, knee axis (mean intermalleolar
distance 22.0mm vs 20.1mm), t ibial torsion (mean angle

1 .2 'vs  +0 .6 ' )  and ang le  o f  ga i t  (mean ang lc  *  1 .5"  vs  *0 .7" )
at 5 years were statistically insignificant. Hip function at 5
years was similar in normal preterm and term children but sig-
nificantly decreased in preterm children with cerebral palsy,

more so with regard to abduction (-56'vs 39',  P < 0.05) and ex-
tcnsion (22" vs 8", P < 0.01). The dif ference between the sexcs
was insignif icant in both thc preterm and term groups.
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Introduction

Some of thc areas of parental concern facing the paediatr ician

relate to orthopacdic problems [4, 16]. The majori ty of these

involve axis and torsion of the lower extremit ies in infants and
young children, in particular the varus/valgus position of the

knees and the calcaneus. adduction of the forcfoot. and inter-
nai/external torsion of the lowcr l imb at dif ferent levels [7, 8,
19]. Both the relat ively wide range of normal f indings, and

their longitudinal variat ion with increasing age make i t  dif-

f icult  for the paediatr ician to dif ferentiatc between physiolog-

ical development and pathological deformity [10, 16]. Normal

data concerning orthopaedic development in chi ldren are
lacking in the l i terature. This is an acute di lemma for prema-

ture-born chi ldren. One major conccnt of parents, neonato-
logists and orthopaedists is the "Charl ie Chaplin-l ike gait" fre-
quently displayed by preterm chi ldren.
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Wc report the evolution of torsional and angular attitude

and joint function of the lower extremities in preterm and

term children from birth to 5 years of age. The data are based

on the Zurich follow-up studies of premature-born children in

which various aspects of growth and development are investi-
gated.

Patients and methods

Between October 1974 and September 1978, 531 premature-

born infants of Swiss origin were selected randomly from the

neonatal units of the Kinderspital and Frauenklinik Zwtch.

These children are being followed from birth to adulthood il

one of the two programmes described below:

/. In the Second Ztxich Longitudinal Study, 128 preterm in-

fants and a control group of 114 healthy term infants are being

fol lowed from birth to adulthood: 18.8% preterm and 3.5%
term infants are twins.

2. In the Zurich cross-sectional study, 403 children were seen

once at the age of 5 years.

An orthopaedic examination was carried out on all children

of the longitudinal study and on 88% of the cross-sectional
study. The infants'medical characteristics during the neonatal
period are presented in Table 1. With respect to weight,

length and head circumference at birth, the children of both

studies were comparable with those of the Swiss population

according to national perinatal growth standards [9]. In the
longitudinal study, 15.3% of the preterm infants and 9% of
the term infants had birth weights below the 1Oth percenti le.

Thc corresponding figure for the pretcrm children of the

cross-sectional study was 13.4%.In terms of perinatal compli-

cations such as fetal distress, infection, metabolic problems

and respiratory difficulties, the preterm children were re-
garded as a high-risk group. For the term infants, pregnancy

and labour wcre free of complications and delivery spontane-

ous and vaginal with vertex presentation. There was a highly

significant difference in the mean perinatal optimality scores
(a measure for thc number of optimal conditions observed in

the pre-, pcri-  and postnatal period [13]) between the preterm

and the term groups (P<0.001). Based on standardized
neurological examinations (0-2 years: a modif ied version ac-
cording to Prechtl  and Beintema [12]; and at 3-5 years. that of

Touwen [1t3]),  16% of chi ldrcn in the longitudinal study (16

boys, -5 gir ls) and 18% in the cross-sectional study (27 boys. 1-5



20

Table 1, Medical characteristics of the two study groups at birth

Sex n Gestational age (weeks) weight (g) Perinatal optimality score

Mean SD Range Mean SD Range Mean SD Range

Longitudinal study

Preterm M

F

Term M

F

17
5 1

54
52

33.7
3 3 . 1

40.1
40.1

7 . 9
1 . . )

1 . 1

1 .0

2053
1910

320r
3t97

73.5
74.0

85.9
87.0

7.2
7.0

3 .6
2.8

56-8
59-8

76-9
80-9

28.7-36.8
27.t-36.8

37.4 44.0
37.7-42 .8

422
468

388
302

1030-2450
1040-2250

2700-4330
2660-4120

Cross-sectional study

Preterm M
E

185
l7r

34.6
34.4

2 .0
2.2

2207
2t07

480
503

75.r
75.8

6.9
6. r

50-9
61-8

27.0-36.8
27.'7-36.8

810-3540
850-3200

Fig,1. Estimation of the angle of gait

Fig.2. Estimation of the tibial torsion using the "thigh foot angle" [16]

Fig.3. Estimation of hip rotation

Fie.4. Estimation of frontal knee axis

girls) were diagnosed as having cerebral palsy (CP). Neuro-

logical impairment was judged to be mild in 67"/" , moderate in

29"k and severe in 4ok of the children. CP presented in 78%

as spastic diplegia, in 5% as spastic tetraplegia, in 5% as

ataxia-hypotonia, and in 12% as mixed forms. A11 children

with CP received physical therapy according to Bobath.

The criterion for the diagnosis of neonatal metatarsus ad-

ductus (MA) was a medial deviation of the forefoot. Severity

and flexibility of the delormation were recorded but not in-

cluded in the study. Dynamic hallux varus [2] was excluded.

The knee axis was determined by measuring the distance be-

tween the medial femoral condyli and the medial malleoli, re-

spectively. A measurable distance between the condyli was re-

ferred to as the varus and that between the malleoli was refer-

red to as the valgus position of the knee. The angle of gait was

defined as the angle between the axis of the foot and the line

of progression [16] (Fig. 1). The examiner estimated the aver-

age angle of each step by means of visual comparison with the

angles reproduced simultaneously on the goniometer. Tibial

torsion was estimated using the "thigh-foot angle" which cor-

responded to the difference between the axis of the thigh and

that of the foot (Fig.2). The child lay in the prone position

with the knee and foot flexed at 90'. while the examiner

looked vertically down at the plantar surface of the foot [16].
Hip rotation was assessed with the child in the prone position

with the knee flexed at 90". The maximum angle between the



vertical and the axis of the tibia was measured in internal and
external rotation whilst allowing the leg to fall solely under
grav i ty  [16 ] ,  (E ig .3 ) .

A statistical comparison of the differences in the mean val_
ues was carried out by means of the /_test (preterm versus
term ch i ld ren .  ma les  vs  females) .

Results

At birth, MA was present in 25% of preterm infants in the
longitudinal study (Table 2). Of these. 23 infants had uni later_
al and t had bilateral involvement of the feet. In the term
group, MA was present in 13% of infants. Of these 3 had uni_
lateral and 11 bilateral involvement of the feet (Table 2). The
incidence of MA was similar in single preterm and term in_
fants (16% vs 127o, NS), but was higher in twins compared
with single infants (41% vs 16%, p <0.05). The inciclence of
MA was not significantly related to gestational age.

During the first 6 months of life 22% of the affected feet in
the preterm and 28o/o in the term group were classified by an
orthopaedist as rigid. These children were referred for olaster
cast correction. At 12 months, only 50% of the affecredieet in
the preterm group had resolved, compared with g0% in the
term group. Finally, by 5 years of age, MA had resolved in all
the term children, but only in 81,% of preterm children. All in_
fants with persistent MA in rhe prererm group had been
treated by plaster casts within the first 3_6 months of life.
When analysed for the presence or absence of a neurolosical
disorder, CP was found in 75% of children with persisrent MA
but only in 12% of chi ldren with resolved Me (X2:6.3g,
P <  0 .05) .

The distribution of the angle of gait in the preterm and
term chi ldren at 5 years of age is demonstrated in Fis.5. Toe_

Table 2. Number of children with metatarsus adductus at birth. 12 and
60 months (longitudinal study)
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ing-out was found in 55% of the preterm and 61.y" of the term
children and toeing-in in 45% and 39yo, respectively (Table
3) . In both groups, the median angle of gait for toeing_out was
1.5" for preterm and 0.7. for term chi ldren. The ranse was
larger in preterm (45" toeing-in to 45. toeing_out) than i"n ,.r.
chi ldren (10'toeing-in to 15. roeing-out).

The distribution of tibial torsion in each group of children
is presented in Fig. 6. Evidence of tibial torsion in the ranse of
0' + 10' was found in 85% of the preterm and 90% of the t*erm
children. In both groups, internal and external tibial rotations
were almost evenly distributed; the median was at 1.2o inter_
nal in preterm, and 0.6o external rotation in term children
(Table 2).

The distribution of the frontal knee axis in the preterm and
term chi ldren, expressed as intercondylar or intermalleolar
distance, is presented in Fig.7. In both groups, the valgus
knee was predominant (85% valgus, 1-5% varus). The median
was found to be at 22.0mm and 20.1mm intermalleolar dis_
tance in the preterm and term children, respectively. Com_
pared with the term children, the distribution in the preterm
group showed greater variability.

Four hip functions (Table 4) were compared between
neurologically unimpaired prercrm and term children with no
detectable differences between groups. preterm children with
CP, however, had a significantly reduced range of hip abduc_
tion (P<0.05) and extension (p<0.01) in comparison wirh
neurologically unimpaired preterm children. Mean internal
hip rotation was unaffected by Cp and was identical in both
groups of preterm and term children.

Discussion

There is sparse and divergent information in the literature re_
lating to the incidence of neonatal MA. A frequency of 3%_
4"/o for normal newborns [5] or even less than 1% [20] has
been reported. As far as preterm infants are concerned, there
are no reliable data on the incidence of neonatal MA. This
may be due to a number of factors. One such factor might be
th^e difficulty in defining the deformity with regard to d.gr."
of metatarsal adduction and its flexibility or fixation. Whether
metatarsal adduction amenable to complete passive correction
should be regarded as true deformity still remains a point of
controversy. The likelihood of spontaneous correction is re_
ported to be as high as 89% if the metatarsus is passively cor_
rectable [11]. The severiry of the initial deformitv and the flex_
ibility of the foot were found to be weak indicators of tuture
outcome [1 , i5].  On the other hand, early plaster cast therapy,
i.e. before 9 months of age, was found to be assocrated with
favourable results [1]. Thus, there are no clear_cut criteria for
defining the deformity of neonatal MA and for indicatins the

Children with: Age (months)

60t2

One foot affected Preterrn

Term

Both feet aff'ected Preterrn

Term

23
3

9
1 1

t0
1

1

25
2

Total

n

Preterm 32 (25%) 13 (10%)
Term 14 (13%) 3 (3%)

Preterm 128
Term 111

6 (s%)

ilfi"j;,Y.'.iX1,i:tX:lXiffJ:, it"f':"il1j::fj,ll::,"#::.ngre 
or gait and tibiar rorsion in preterm and term chldren at the age or 5 years.

Measures Preterm (n :356) Term (n : 102)

%% Median SD Median SD
Knee axis (mm)

Angle of gait (grade)

Tibial torsion (grade)

valgus (i IMA) / varus (- ICA)
external  (+)  / internal  (  )
external  (+)  /  in ternat  ( - )

85/15
55t45
46/54

+22.0
+  1 .5
-  1 .2

23.5
8 .2
7 .2

85/15
6u39
5t/49

+20.1
+  0 .7
+  0 .6

lB .7
5 . 1
6 . 4



22

In lernol rc lol ion "

Fig.5. Distribution of angle of gait

5 years

Exiernol rotol iono

in term and preterm children at

Table 4. Hip functions in term and preterm children at 5 years of

longitudinal (LS) and cross-sectional (QS) study

outcome of subsequent therapeutic measures. In our study,

plaster casts were used almost twice as frequently as reported

by Ponseti  and Becker [11].
A11 cases of MA in the term group showed resolution by

the age of 5 years. In the preterm group, however, there was

persistence of the deformity in l7o/o of affected feet, despite

early intervention with plaster casts.

A further reason for the lack of reliable data in this subject

may be that the cause of MA is most likely multifactorial. It

has been suggested that twin pregnancy might contribute to

fetal deformity such as infantile scoliosis and particularly MA

through intrauterine constraint [20]. Normal movement of the

fetus is one of the factors contributing to normal joint de-

velopment and growth of the long bones. Intrauterine hypo-

kinesis caused by fetal disease - e.g' arthrogryposis [6] - or

lack of space (e.g. in multiple pregnancy) might interfere with

normal fetal movement and promote deformity. In the pre-

sent study, twin pregnancy was confirmed as a contributory

factor in the occutrence of neonatal MA. Prematurity by it-

self, however, was not associated with an increased risk of

neonatal MA.
Approximately 4% oli all cases of MA have been reported

to persist as a consequence of neuromuscular and anatomical

disorders [17]. In our study, the presence or absence of CP

was found to be a crucial factor in the persistence or recovery

of MA, at least up to 5 years of age. Children with CP pre-

sented with particularly obvious metatarsai adduction during

test situations. Thus, conditions involving deviant muscular

tone, as in CP, seem to predispose to incomplete correction

despite adequate physical therapy.

We did not evaluate specifically the influence of proionged

prone positioning in the incubator on foot deformities in pre-

term infants. Nevertheless, when considering the long-term

results of MA, our data show that neurological factors are

more crucial than intrauterine conditions and environmental

influences such as positioning during the neonatal period.

A child with spastic diplegic cerebral palsy tends to have

normai hip abductors and extensors, but spastic flexors, and

particularly adductors, resulting in an imbalance of muscular

force [3]. In the present study, internai and external rotation,

abduction and extension were identical in the term and pre-

term chi ldren without CP.
In preterm children with CP, however, abduction and ex-

tension were impaired. In particular, hip extension was found

to be affected by neuromuscular imbalance'

With respect to frontal knee axis, both bow-leg and knock-

knees carry the risk of degenerative arthropathy in late adult-

age. Preterm children with and without CP are displayed separatcly in the

?a

Iniernol roiol ion "

Fig.6. Distribution of tibial torsion in term and preterm children at

5 years
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Fig.7. Distribution of frontal knee axis in term and preterm children

at 5 years

Externol rolot ion o

Term
Measures Preterm

QSLS Median SD

Without CP With CP Without CP wirh CP

Median SD Median SD Median SD Median SD

Internal rotation (')

External rotation (")

Abduction (')

Extension (')

n

) 4

35
52
1 8

r07

1B
t2
9

10

50
45
39"

g b

21.

a n

19
15
'7

13
18
B
9

54
46
4 1 "

g b

/ a

l 6

1 3

16

6

zo
15
10
1 l

53
-)L

56
22
102

55
39
58
20

186

u P < 0 . 0 5 1  o P < 0 . 0 1



hood i f  the deformit ies persist uncorrected. Thus, i t  is impor-
tant to differentiate betwecn pathological conclitions and
physiological stages of development. Normal dcvelopment of
the frontal tibiofemoral angle begins with the varus srage up to
the age of 2 vears. undergoes transit ion to the valgus posit ion
up to 7 years, and persists at an angle of about 5. into adult_
hood [14]. Abnormal angles are caused by congenital defor-
mities, metabolic or endocrine disease and paralytic defor_
mit ies, amongst otheres [10]. The data from the present study
indicate that the angular development of the knee is compara-
ble in preterm and term children with more variability in the
former. Thus, prematurity does not affect the angular de-
velopment of the knee.

Torsional deformities of the lower extremities are common
and may be located at one or more of three different levels,
i .c. hip, t ibia and foot. Heredity, intrauterine posit ion and
sleeping posture have been suggested to be the main factors
for the persistence of internal rotation deformities of infancy
and early childhood into school age and adolescence [16].
Especialiy for preterm infants, lying in the prone position for
prolonged periods during neonatal care might be a risk factor
for later internal or external deformity. However, the data
from our study do not support this suggestion.

At 5 years of age, the rotation of the lower limb was com-
parable at all levels in preterm and term children. In the lon-
gitudinal study, there were 6 preterm infants who made their
first steps in an extreme toeing-out position with external ti-
bial torsion and everted feet. In all cases, the deformity had
corrected spontaneously by the age of 5 years.
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