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Abstract

Purpose Findings from cross-sectional studies of knee
angle development in Nigerian children vary in values and
in the age at which the varus angle changes to the valgus
angle. This study was conducted to describe knee angle
development and to determine the age when the knee angle
changes from the varus to the valgus angle.

Methods This was a longitudinal survey of 152 Nigerian
children recruited within 3 weeks of life and followed up
monthly until age 3 years. Their knee angle was measured
using clinical methods.

Results The mean tibio-femoral/varus knee angle
(13.2 £ 3.8°) at birth-3 weeks of life decreased sharply to
5.6 £ 0.7° at 9 months, increased slightly to 6.3 £ 1.1° at
13 months, and then decreased again up to age 18 months
(0.3 & 2.1°). The mean valgus knee angle increased
from —2.4 4+ 2.5° at 19 months of life to —8.5 £ 2.5°
at 27 months and then decreased to —7.7 4 2.2° at
36 months. Intercondylar/intermalleolar distances (ICD/
IMD) showed a similar pattern, changing from an extreme
varus knee (ICD) at birth-3 weeks of life (2.5 &= 0.7 cm),
decreasing to 0.6 £ 0.2 cm at 9 months, increasing to
0.8 £ 0.5 cm at 12 months, and decreasing to 0.1 £ 0.4
cm at 15 months. The mean IMD increased from —0.1 +
0.8 cm at 16 months of life to —2.0 £ 1.5cm at
29 months and then decreased up to 36 months. Our
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tri-modal analysis showed that the transition from the varus
to the valgus angle was between 18 and 19 months.
Conclusion Our findings suggest that the developmental
pattern of the knee angle in Nigerian children is at maximal
varus at birth, neutral at 18 months of life, and valgus at
19 months, with the valgus angle continuing to increase up
to 36 months.
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Introduction

Healthcare providers are frequently asked to assess chil-
dren for excessive bowing of the lower limb [1]. Such an
assessment focuses on differentiating physiological bowing
from abnormal bowing and is facilitated by a good
knowledge of the developmental pattern and age-reference
values of the knee/tibio-femoral angle (TFA) for a specific
population. Children generally present with a varus knee
angle at birth [2-4]. However, the results from previous
studies on TFA developmental patterns and values suggest
that racial differences are present [2, 4-7].

The developmental pattern of the TFA in Nigerian
children has been reported in three cross-sectional studies
[3, 8, 9]. However, the TFA patterns reported for Nigerian
children in these studies vary, likely because the studies
relied only on single measurements and differed with
respect to the age of the study cohorts. It has been sug-
gested that longitudinal studies on TFA would provide
more reliable data than cross-sectional studies [4, 10].
However, to date no longitudinal studies have been carried
out on TFA in Nigerian children, although a preliminary
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study of the developmental pattern of TFA in Nigerian
children during the first 12 months of life has been pub-
lished [11]. The aims of the study reported here were to
describe the developmental pattern of TFA during the first
3 years of life and to determine the age when the TFA
changes from the varus angle to the valgus knee angle in a
cohort of Nigerian children.

Methods

The study was approved by the research ethics committee
of the Olabisi Onabanjo University Teaching Hospital,
Sagamu. Prior to data collection, a standard equation was
used to determine the sample size using the standard
deviations (SD) of previous studies carried out on Nigerian
children with a 95 % confidence interval (CI); the width of
confidence interval set at 2 [3, 8, 12]. The calculated
minimum sample size was determined to be 96 to power
the study. To allow for attrition, we recruited a total of 152
healthy infants (71 males, 81 females) without any obvious
congenital deformity within 3 weeks of life from three
infant welfare clinics in Sagamu town using a consecutive
sampling technique. The parents gave informed consent.
The children were followed up monthly from birth/within
3 weeks of life through to 36 months of age to assess their
knee angle development.

Measurements

All measurements were carried out by the first author to
minimize inter-observer variations, and measurements
were repeated on 16 children in order to ascertain intra-
tester reliability. Clinical methods were used to measure
TFA directly using a universal goniometer and indirectly
by measuring the intercondylar distance (ICD) or inter-
malleolar distance (IMD). Earlier studies have reported that
ICD and IMD values can be used as indices of the varus
knee angle and valgus knee angle, respectively [2, 6, 9].
The goniometric measurement of TFA was taken with each
child placed supine in anatomical position, as reported
previously [11]. The acute angle sustained between the
femoral shaft and the tibia shaft on the goniometer was
recorded as the TFA in degrees. The angles were assigned a
positive value for the varus knee angle and a negative value
for the valgus knee angle.

The ICD and IMD were measured with a non-elastic
tape ruler (Butterfly Brand, China). The measurements
were taken with each child supine in an anatomical position
with the medial malleolus (ICD) or medial tibial condyle
(IMD) just touching and the pelvic square, with the hip and
knees in maximal extension [8]. The measurement was
made to the nearest 0.1 cm.
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Data analysis

The data were analyzed with Statistical Package for Social
Sciences (SPSS) ver. 16 (SPSS, Chicago, IL). Intra-tester
reliability was analyzed using the intra-class correlation
(ICC). Data were summarized using the mean and SD, and
graphs were plotted to describe the TFA developmental
pattern. Tri-modal analysis was performed to determine the
age at which the varus angle transitioned into the valgus
angle. The 95 % CI (2SD) was used to determine refer-
ence/normal values of TFA and ICD/IMD. Pearson’s cor-
relation was used to determine the relationship between the
ICD/IMD and TFA, and the ¢ test was used to determine
differences in the measured parameters according to sex.

Results

The ICC for repeated measurements on 16 of the children
was high for both the goniometry (ICC 0.98, 95 %
CI 0.95-0.99) and ICD/IMD (ICC 0.99, 95 % CI 0.98—
1.00) measurements. Of the 152 healthy children recruited
for the study, 68 were recruited at age 0—7 days, 46 at age
8—14 days, and 38 at age 15-24 days. The attendance of
the participants at the monthly measurement follow-up is
shown in Fig. 1. Eighty-six children were seen 37 times, 32
children were seen 30-36 times, 12 children were seen
10-25 times, eight children were seen three to six times,
and 14 were seen only at initial contact. By the end of the
36-month study period, 39 children had defaulted, which is
an attrition rate of 25.7 %. Attrition resulted from death (3
children), withdrawal from the study (1 child), untraceable
address (13 children), and relocation of family to another
town (parents of 22 children).

The left and right knee angles were very highly corre-
lated (r = 0.992, p = 0.01), and we therefore calculated
the average of both limbs for each child and used this value
for further analysis. There were no significant differences
in the values of TFA determined by goniometry according
to sex (t=0.88, p=0.38) and ICD/IMD (¢t = 0.16,
p = 0.88). Therefore, the data of both boys and girls were
pooled for further analysis. There was significantly high
correlation between TFA and ICD/IMD (r = 0.77,
p = 0.01).

The children had a maximum varus knee angle at birth—
3 weeks of life (range 5-25°). The mean varus knee angle
during the first 3 weeks of life was 13.2 £ 3.8°; this
decreased sharply to 6.7 £ 1.4° at 3 months, then more
slowly to 5.6 &+ 0.7° at 9 months. The varus angle
increased slightly to 6.3 & 1.1° at 13 months of life and
thereafter decreased until 18 months (0.3 &+ 2.1°) (Fig. 2).
The tri-modal analysis showed that at age 18 months, the
majority (65.8 %) of the children had a neutral knee angle



J Child Orthop (2013) 7:167-173

169

Fig. 1 Attendance of children
at monthly measurement
sessions according to age
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(0°), 24 (20.0 %) children had a varus knee angle, and 17
(14.2 %) children had a valgus knee angle (Fig. 3). At age
19 months, the TFA of 102 (85 %) children had changed to
a valgus knee angle. Of the 18 children whose knee angle
remained at a varus knee angle or at a neutral knee angle at
19 months, ten had a family history of genu varus defor-
mity. All but six children had changed to a valgus knee
angle by age 25 months. In four of these six children whose
TFA pattern remained varus beyond age 25 months, the
varus pattern persisted on only one of the lower limbs. The
varus angle spontaneously had changed to valgus in all of
these six children by age 33 months. The mean valgus knee
angle increased steadily from —2.4 £ 2.5° at 19 months of
life to —8.5 4+ 2.5° at 27 months and then decreased
slightly to —7.7 & 2.2° at age 36 months (Fig. 2).

The ICD/IMD depicted a course of TFA development
similar to that shown by the goniometric measurement: an
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extreme varus knee pattern (ICD) during first 3 weeks of
life (2.5 £ 0.7 cm), which decreased gradually to
0.6 £ 0.2 cm at age 9 months (Fig. 4). The ICD increased
slightly to 0.8 & 0.5 cm at age 12 months, then decreased
to 0.1 & 0.4 cm by age 15 months. The tri-modal analysis
showed that half of the children (50.4 %) had a neutral
knee pattern (0 cm) at age 15 months (Fig. 5). At age
16 months, the knee pattern was predominantly valgus,
with 60 % of the children showing an IMD pattern, 16.7 %
showing a ICD (varus) pattern, and 23.3 % showing 0 cm
(neutral knee pattern). By age 19 months, the knee pattern
in the majority (90 %) of the children was valgus. Of the
12 children who retained a varus or neutral knee angle at
19 months, seven had a family history of genu varus. All
but six children had changed to a IMD/valgus knee angle
by age 25 months. The mean IMD increased gradually
from —0.1 £ 0.8 cm at age 16 months, to —2.0 £ 1.5 cm
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Fig. 3 Frequency distributions of knee angle (TFA) in infants during development according to age (months)

Fig. 4 Intercondylar/
intermalleolar distances (ICD/
IMD) according to age

at age 29 months, and thereafter decreased to —1.9 cm at

36 months.

Table 1 shows the TFA reference values generated in

this study.
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Discussion

Of the children enrolled in our study (age range 0-36

months), those in the birth-3 weeks of life group had the
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Fig. 5 Frequency distribution of knee angle (ICD/IMD) in infants during development according to age (months)

Table 1 Reference values for knee/tibio-femoral angle and inter-
condylar/intermalleolar distances for the study cohort

Age (months) Tibio-femoral angle ICD/IMD

Mean —2SD +2SD Mean —2SD 42SD
0 1323 12.63 13.83 2.53 2.44 2.64
1-3 7.88 7.67 8.08 1.51 1.45 1.57
4-6 6.44 6.36 6.52 0.90 0.86 0.94
7-9 5.80 5.72 5.87 0.67 0.64 0.70
10-12 6.64 6.53 6.75 0.80 0.76 0.84
13-15 5.66 5.54 5.79 0.22 0.17 0.27
16-18 1.99 1.75 223 =059 -0.78 —-041
19-21 —3.84 —-414 -354 —-1.16 -135 -0.96
22-24 —-6.03 —-636 —-571 —-1.65 —-1.83 —147
25-27 —8.38 —-870 -—-8.07 -—-1.85 -—-198 —1.73
28-30 -825 —-849 802 -182 -195 -1.70
31-33 —-691 -7.13 —-6.69 —-1.64 -—-178 —149
34-36 —-6.62 —-6.83 —-640 —-1.69 -—-186 —1.52
ICD/IMD  Intercondylar/intermalleoli ~ distances, SD  standard
deviation

highest value of TFA, suggesting that most Nigerian chil-
dren are born with an extreme varus knee angle. This
finding is similar to those reported in previous studies [2, 3,
5]. In most of the children in our study, the initial extreme
varus knee angle became neutral (0°) at age 18 months and
became valgus by age 19 months. The valgus angle con-
tinued to increase from age 20 months up to age 36 months
(end of study period). Although the majority of children in

our study were of the Yoruba tribe, the other major tribes in
the country were also represented. It is likely that if this
study were to be conducted in other parts of the country,
the same findings would be obtained. The age of transition
from the varus to the valgus angle determined in our study,
18-19 months, is younger than that (21-23 months)
reported for Nigerian children in a previous study [3],
possibly because in the previous study only one measure-
ment was taken whereas in our longitudinal study, we took
repeated measurements on the same group of children. The
age of transition from the varus to the valgus obtained in
our study also differs from that (12-24 months) reported
for Pakistani children [13]. Our results corroborate those of
previous studies which reported a neutral knee angle at age
18 months [2, 4, 5]. The outcomes of this study indicate
that the TFA developmental pattern in Nigerian children
during the first 3 years of life may be described in three
phases: phase 1 (birth to 15 months) or the phase of the
varus angle; phase 2 (16-19 months) or the phase of
transition from the varus to the valgus angle; phase 3
(20-36 months) or the phase of increased valgus. The
slight increase in the values of TFA at age 10 months is
noteworthy as many of these children had started walking
with assistance around this age. It has been suggested that
the duration of this period of ‘dependent walking’ corre-
lates with the knee angle in children [14]. The average age
at which our participants attained the ability to walk
independently was 12 months, which is much earlier than
the age of knee angle transition from the varus to the valgus
knee pattern and may imply that the transition from the
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varus to the valgus knee pattern is not related to the age
when children attain the ability to walk independently.
However, a slight increase in the varus angle value at age
12 months was noted, and this corroborates the values
reported in a previous study from Nigeria [3]. None of the
infants involved in our study presented a valgus knee angle
before age 15 months, suggesting that a measurable valgus
knee angle in a Nigerian child before age 15 months may
be regarded as unusual. Of the 18 children whose knee
angle remained varus or neutral at age 19 months, ten had
family history of genu varus deformity, possibly indicating
that any delay in the knee pattern changing from the varus
to the valgus may be associated with the development of
genu varus deformity in life. However, such speculation is
beyond the scope of our study which covers infancy to age
3 years. In addition, the knee angle spontaneously changed
to the valgus pattern in all the children before age 3 years.

A comparison of knee angle values obtained in this
study with those of a number of previous studies is difficult
because of differences in the age intervals of the children
for whom the values are presented. The mean TFA value
for the children aged from birth to 3 weeks in our study
(13.2°) fell within the range of values (12-16.5°) reported
for Korean, Finnish and American children at 6 months
[2, 4, 5]. However, the mean TFA value for those children
age 6 months in our study (6.4°) is lower than the values
reported from these same studies. These slight differences
may be due to differences in the manner the data were
presented in our study and the other studies. We present
data collected at monthly intervals while some of the
previous studies present data collected at 6-month
intervals.

The finding that the age of peak valgus knee angle
during the study period (3 years) was 27 months is close to
the age of 36 months reported in previous studies [3, 6, 15].
The peak valgus knee angle (8.5°) is similar to that of
American, Korean and Indian children at ages 4 and
6 years [2, 4, 10]. Although the use of different techniques
to estimate the knee angles might be responsible for vari-
ations in observations in the different studies, it is more
likely that these variations are due to possible ethnic and
racial differences between different population groups.

The measurement of ICD/IMD in our study showed a
similar pattern of development to that of the goniometric
measurement in children, with an extreme varus knee at
birth that decreased with age until 15 months. By age
16 months the children in our study had predominantly a
valgus knee angle. The varus knee angle did not disappear
in our population until age 19 months. A similar pattern
was also reported in previous studies [2, 9, 16]. Few pre-
vious studies that measured ICD/IMD reported values for
age groups rather than specific ages [2, 16]. This makes it
difficult to compare the values from these previous studies
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with the mean values for specific ages in our study.
However, the mean ICD value (2.5 cm) at birth in our
study is similar to that of American children (2.6 cm) and
Pakistan children (2.96 cm) at 6 months [2, 16]. The mean
ICD value at age 6 months (0.83 cm) in our study is lower
than that of these previous studies [2, 16]. This difference
in the observed values may be due to racial differences. All
of the newborns had a varus knee angle with a mean ICD of
2.5 cm (range 0.5-4.0 cm), decreasing to a mean of 0.1 cm
at age 15 months. This is similar to that of Chinese chil-
dren who have been reported to have a maximum varus
knee at birth (3.0 cm) (range 0-5.5 cm), decreasing to
0 cm at age 12 months [6]. In Nigerian children, the medial
condyles touch late (15 months) compared with Chinese
and American children (12 months) [2, 6]. In our study, the
children had a peak valgus knee angle (—2.0 cm) at age
29 months, which is similar to that of Chinese (—2.8 cm),
American (—3.5), and Pakistani (—3.96 cm) children, but
Nigerian children peak earlier [2, 6, 16].

The high correlation between ICD/IMD and TFA
implies that ICD/IMD are good indices of TFA. Thus, any
of the two measures can be used to monitor the progress of
knee angle of children. The lack of significant sex differ-
ences in the TFA and ICD/IMD patterns and values implies
that the same reference can be used for both sexes. Our
results indicate that TFA developmental pattern and values
are the same for both limbs. Thus, any obvious discrepancy
between the limbs may be pathological. The age-reference
values established in our study may be useful for assisting
healthcare providers in their screening of Nigerian children
for abnormalities in TFA. It may also help clinicians or
surgeons to differentiate between physiological bowing and
Blount’s disease.

Conclusion

The chronological development of knee angle in Nigerian
children is a maximal varus knee angle at birth, a neutral
knee at age 18 months, changes to the valgus knee by age
19 months, and increases up to age 3 years. Both gonio-
metric and ICD/IMD measurements are reliable and can
be used in the clinic. We recommend using the age-ref-
erenced values generated in this study for practical eval-
uation of Nigerian children when evaluating lower limb
alignment.
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