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Summary

There is little data on the range of variation of knce
angle, intermalleolar and intercondylar distances in Afri-
can children. Such measurements are needed to assist
determining whether a child legs are normal or not.

Knee angle intermalleolar and intercondylar dis-
tances were measured in 2166 Nigerian children aged one
year to 10 years to establish normal values for these mea-
surements.

In the study we discovered that knees were maxi-
mally bowed at ages 1 - 3 years and reduced to neutral of
0° at age five (5 years) in girls and age seven (7) in boys.
Both sexes had no bowing after age (7 years) in boys. Both
sexes had no bowing after age of 7 years. The valgus angle
was found to be constant at about 11" between ages 1-10
years in both sexes.

Mean intercondylar distance was 0.2 cm at 1 year of
age and did not vary significantly at 1§ years of age. The
greatest intermalleolar distances of 2.5cm and 2.2cm were
noted between the ages of 2 and 4 years. Normograms of
these measurements are presented as diagnostic aids in
clinical settings.
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Résumé

I1'y a pcu de données sur une gamme variée de 1’angle de
genous, intermalleole et distances intercondyles cchez des enfants
nors.

Des mesurages pareils sont exigés pour pouvoir décider si
les jambes d’un enfant sont normal ou non. L’angle du genou,
intermalleole et distances intercondyles ont été méasurés chez
2166 enfants Nigerians agés entre un a dix ans afin de décider
des valeurs normales pour ces mesurages. Au cours de cet étude,
nous avons refharqué que les genoux sont au grand maximum
inclinés entre 1 & 3 ans et reduit au neutre de 0 41’ age de cing (5)
ans chez les filles et a I’age de sept (7) ans chez les garcons.

Aprés I’age de 7 ans, ils n’y a plus d’inclinaison chez les
deux sexes. L’angle valgus était remarqué d’entre constant &
environ 11 entre ’age 1 -- 10 ans chez les duex sexes. Distance
intercondyle moyenne était 0,2cm a 1’age d’un an et ne varie pas
sensiblement & 1’age de 10 ans. Les distances intermalleoles les
plus élevées de 2,5cm et 2,2cm ont été notés entre 2 et 4 ans.
Les Normograms de ces mesurages sont ici présentés comme
matériel diagnostic en ce qui concerne le cadre clinique.

Introduction

Bowlegs and knocked knees are common deformities seen
in the Nigerian population, however, determining which of the
deformities is pathological remains a problem in the popula-
tion. With the impoverished state of the economy, one needs
to be able to determine the normal limits of knee angle in Nige-

rian children so as to be able to isolate early enough those chil-
dren with pathological deformities.

There is no study to our knowledge cither from the
MEDLINE search or the internct which has addressed this
peculiar problem in this environment or the West African Sub-
region.

Studies have been done in Whites' and in the Chinese
children®. A study in white children revealed the mean alignment
of knee at age 2 years to be 5 degrees valgus + 10 degrees (25D)
and intermalieolar distance of 2.1cm persisting until 7 years of
age'. These variations in knee angle cause apprehension in par-
ents® but have been known to correct spontaneously in time’.

Several methods for assessing tibiofemoral angle have been
investigated in Caucasians but radiological examination is ex-
pensive and exposes children to radiation'2.

Clinical techniques include measurement of tibiofemoral
angle and intermalleolar (IM) and intercondylar (IC) distances.

Establishing a range of normal valucs is of clinical impor-
tance in this environment as it provides the physician the means
to determine whether knee angle is within normal limits.

Bowiegs and knock-knees are defined as knee angle within
the normal range calculated as 2SD from the mean®*. Valgus or
varus beyond these limits is viewed as the threshold for concern
suggesting the possibility of a pathologic condition. We wish to
determine mean values and normal ranges for knee angle, and
intercondylar or intermalleolar distance in Nigerian children.

Materials and methods

The children included in this study were from Lagos and
Ibadan metropolis with age ranges between 1 yearand 10 years.
The children were recruited from day care centers, private
nursery schools and public primary schools. Any child who had
any obvious musculoskeletal disorders was excluded from the
study.

Measurements of knee angle was done using the goniom-
eter and intercondylar and intermalleolar distances were mea-
sured using a tape measure. These clinical methods are inexpen-
sive, and they do not expose the children to radiation and corre-
late well with radiological measurements.

Children less than 2 years were examined supine in ana-
toric position with the medial condyles or malleoli touching
and the pelvis square with hips and knees in maximal extension.
Children aged 2-10 years were examined both in supine and
standing with the feet together in anatomic position. For the
measurement of femoral - tibia angle the goniometer was cen-
tered on the knee joint; while intermalleolar or intercondylar
measurement was done by using a tape measure and determining
the distance between the malleoli with the medial condyles touch-
ing or malleoli touching for intercondylar distance. Figs. A and
B.

One arm of the goniometer was aligned to an imaginary
line drawn from the anterior superior iliac spine to the middle of
the patella, (femoral alignment) and the second arm was alinned
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Table 1 Means of Intermalleolar and Intercondylar
Distances by age
Intermalleolar Intercondylar
Age (years) distance distance
1 Mean 1.47 .78
sD 1.51 1.45
N 108 106
2 Mean 2.33 25
SD 1.68 1.00
N 163 163
3 Meaan 2.12 A1
SD 1.65 .60
N 200 200
4 Mean 2.02 15
SD 1.75 71
N 250 250
5 Mean 1.45 22
sD 1.62 .59
N 227 227
6 Mean 1.63 .34
SD 1.86 1.09
N 270 270
7 Mean .86 .10
SD 1.29 43
N 222 222
8 Mean 73 .22
sb 1.14 .61
N 242 242
9 Mean .81 .16
SD 1.17 .64
N 260 260
10 . Mean 1.00 10
sD 1.38 43
N 224 224
Total Mean 1.40 22
SD 1.62 78
N 2166 2166

to a line joining the middle of the patella to the middle of the
ankle (centre point between medial and lateral malleoli) tibial
alignment). The angle sustained between the femoral shaft and
the tibia shaft on the goniometer was recorded as the tibio-
femoral angle . Figs Band C.

The data were analysed using the statistical package for
the social sciences (SPSS) version 10 for windows. Means and

Fig. A Measurement of intercondylar distance in a normal leg.
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standard deviations of each measurement were vomputed by
one-year age intervals. Analysis of variance (ANCIVA) showed
that age was a significant covariate of the measureraents but sex
was not. Therefore, the means and standard deviations (SD)
were presented for the sexes combined. Norniograms for
intermalleolar and intercondylar distances were (irawn by fit-
ting linear regression models with age up to the cubic polyno-
mial, retaining terms that were significant at the p-:0.05 level.

Results
A total number of 2166 children were studie1, with boys
comprising 49.7% and girls 51.3%. Each one-year age interval

Table 2 Mean varus angle in Boys and Girls

Age ~ Boys Varus angle Age - Girls Varus Angle
mean mean

1 year 0.60 1 year 1.95
2 years 1.6 2 years 1.44
3 years 0.27 3 years 0.87
4 years 0.20 4 years 0.34
5 years 0.19 5 years 0.0

6 years 0.29 6 years 0.0

7 years 0.0 7 years 0.0

§ years 0.0 8 years 0.0

9 years 0.05 9 years 0.0
10 years 0.0 10 years 0.0

Fig. B measurement of intercondylar distance in a patient with
bilateral tibia vara (bowlegs).

from 1 year to 10 years had at least 100 children (sec Table 1).

IC and IM distances

Measurement of IM distance showed variations from
extreme varus at 12 months of age to maximum valgu; between
the ages of seven and nine years of age. Greatest IM distances
of 2.5cm and 2.2cm were noted between the ages o 2 and 4
years. Table 1.

Mean IC distance was 0.2cm at one year of ag.:, and did
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Table 3 Knee angle in the standing position

Table 4 Knee angle in the supine position

Age Left Right Left Right
(years) varum varum valgum valgum
“(standing) (standing) (standing) (standing)

1 Mean 1.4 1.5 11.1 11.3
SD 5.0 5.3 5.8 59
N 108 108 108 108
2 Mean 1.6 1.7 12.5 12.5
SD 4.1 4.0 7.1 7.0
N 163 163 163 163
3 Mean .6 .6 14.1 14.2
SD 2.4 2.3 5.8 56
N 200 200 200 200
4. Mean 2 .2 11.1 11.0
SD 1.1 1.0 55 6.0
N 250 250 250 250
5 Mean 1 2 10.0 9.7
SD 1.2 1.4 4.9 5.3
N 2 227 227
6 Mean 3 2 9.2 9.0
SD 1.9 1.9 3.9 3.9
N . 270 270 270 270
7 Mean 1 0 10.9 11.0
SD Ni 5 30 2.9
N 222 222 222 222
8 Mean .0 0 10.1 10.1
SD .0 0 3.0 2.9
N 242 242 242 242
9 Mean .0 .0 10.5 10.4
SD 3 3 3.1 3.0
N “260 260 260 260
10  Mean .0 0 10.5 10.5
SD .5 0 29 2.9
N 224 224 224 224
Total Mean 3 3 10.9 10.8
SD 2.0 2.0 4.7 4.8
N 2166 2166 2166 2166

Age Left Right Left Right
(years) varum varum valgum valgum
(supine) (supine) (supine) (supine)

1 Mean 1.4 1.4 10.9 10.8
Sb 4.8 5.0 5.7 59
N 108 108 108 108
2 Mean 1.6 1.5 12.3 12.2
sSD 3.6 3.5 6.9 6.9
N 163 163 163 163
3 Mean .6 .6 13.9 13.9
SD 2.2. 2.1 5.4 54
N 200 200 200 200
4. Mean 3 2 12.0 11.9
SD 1.6 1.5 4.5 4.7
N 250 250 250 250
5 Mean 1 .1 10.8 10.8
SD 1.1 1.1 3.9 4.0
N 227 227 227 227
6 Mean 2 2 9.2 9.4
SD 1.9 1.7 3.4 3.3
N 7 270 270
7 Mean 1 0 10.6 10.6
SD K 4 3.1 3.0
N 222 222 222 222
8 Mean .0 .0 9.8 9.8
SD 0 0 3.0 2.9
N 242 242 242 242
9 Mean .0 .0 10.1 10.2
SD 3 3 3.1 3.1
N 260 260 260 260
10 Mean .0 .0 10.1 10.1
SD .0 .0 3.1 3.0
N 224 224 224 224
Total Mean 3 3 10.9 10.9
SD 1.9 1.9 4.4 4.4
N 2166 2166 2166 2166

not vary significantly at 10 years of age for males. Table 2
However, the mean IC distances for females at 1 year of 1.2cm

Fig. C  Use of a gonimeter to measure the tibiofemoral angle
(Knee angle).
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and decreasing to Ocm at 10 years of age was not statistically
significant.

Genu varus: Genu valgus

We found in this study that most children had a maximum
bowing at ages 1-3 years and this reduced to neutral or 0° at the
age of 5years in girls and age 7 years in males. All patients had
no bowing i.e. varus angle of 0° from the age of seven upwards.
Table 2.

'The valgus angle seems to remain almost the same through-
out the ages ! - 10 years of age with a mean angle of about 11°.

The mean values, normal ranges and (SD) of valgus and
varus angles in the standing position and supine position are
shown in Tables 3 and 4 respectively.

Discussion

The knee angles in White children are well documented?,
s0 also are those of Chinese children® There has been no study
in the West African Sub--region that has reported the knee angle
inblack Africans. Knee angle development in children has been
thoroughly investigated by so many authors using various meth-
ods but no method has shown any significant difference be-
tween boys and girls!234567,

Studies conducted observed that in White American chil-
dren that knee angle was significantly different P<0.05) only in
4 years old male and female subjects. However, in contrast to
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the above there was marked difference in knee angle in Nigerian
children with maximal bowing at 1-3 years and reducing to
neutral of 0° at the age of S years in girls and 7 years in boys. All
children were noted to have no bowing i.e. varus angle of 0o
from the age of seven (7 years) upwards.

Salenius and Vanka®, reported mean varus of 16.5° at birth
decreasing to 10— 12° at 1 year with greatest mean valgus of 12°
evident at 3 years of age in White American children.

The mean valgus angle of 12° in the Vankas study com-
pared well with the mean valgus angle of 11° in our own study.
However, the varus angle reported by Vanka differed with that
reported in our study (>2° at age of 1 year) as the varus angle is
less than 2°in 1 year old in this environment and maximal bow-
ing or varus occurring between the ages of 1-3 years,

The Chinese study®> demonstrated greatest mean
tibiofemoral angle of 8 valgus at 3.5 years and this only com-
pared with the age of 6 years in this environment with valgus
angle of 12° at age of 3.5 years.

The Chinese study concluded that normal children aged
between 3 and 11 years exhibit a significant degree of varus <5°
in contrast to our study where varus angle approached 0° at age
5 in girls dnd age 7 in bays. The discrepancy between the mean
value reported in American children, the Chinese children and
the Nigerian children could only result from racial differences.

Ournew finding suggests that varus angle differ according
to gender between the ages of 3 and 7 years whereas it remains
constant or same after the age of 7 years in black African chil-
dren. The valgus angle does not seem to differ much with gen-
der. Our study, has established data for the varus/valgus profile
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of the legs in normal children between the ages of 1 vear and 10
years in Nigeria. For children showing greater value: than these
genu varum or valgum require more evaluation, for p athological
condition.
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