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Knee alignment in adolescents is correlated with participation
in weight-bearing sports
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Abstract
Purpose Weight-bearing sports might influence the alignment of the lower extremities during growth. The relationship between
participation in weight-bearing sports and the alignment of the lower extremities in adolescents has not been adequately studied
yet. The aim of the study was to investigate whether sports participation during growth in early adolescence is correlated with the
development of genu varum.
Methods The design was a correlation study in which 1008 (564 boys, 444 girls) healthy adolescents (from 12 to 19 years of age)
were recruited in secondary schools. The alignment of the knee was determined by measuring the intercondylar (IC) and
intermalleolar (IM) distance using a specially designed instrument and an inside calliper. The degree of sports participation of
the participants was determined by a questionnaire in which they were asked how many hours a week they participated in sports
and for how many years in total.
Results The results of this study revealed a significant correlation between participation in weight-bearing sports and genu varum
in each of three different age groups, both for boys and girls.
Conclusion Our results show that there is an association between the alignment of the knee joint and participation in weight-
bearing sports during early adolescence.
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Introduction

Children with genu varum and genu valgum are regularly
seen in the paediatric orthopaedic practice. For a proper
approach to this issue, accurate knowledge of the normal
limits of the tibiofemoral angle is needed. Multiple studies
have demonstrated the evolution of the alignment of the
knee in young children [1, 2]. Yet little is known about this

evolution at the end of growth and about the factors con-
tributing to this evolution.

Recent studies suggest a link between the participation in
soccer and certain other impact sports on the development of
genu varum. Witvrouw et al. compared the degree of varus in
a group of male soccer players with a group of male non-
soccer players who were all active in other sports [3]. At the
age of 16–18 years, a significantly higher degree of genu
varum was observed in the soccer players compared to the
non-soccer players (p = 0.028). Another study by Bellemans
et al. revealed that a percentage of the normal population has
constitutional varus knees. Constitutional varus was associat-
ed with increased sports activity during growth [4].

In weight-bearing sports, the knee joint endures an exces-
sive amount of load. The medial compartment of the knee
joint has been reported to bear approximately 75% of its com-
pressive loads in the neutrally aligned knee [5]. Yet minor
alterations in knee alignment have been shown to result in
abnormal load distribution across the joint. An increase of
4–6% in varus alignment has been reported to increase load-
ing in the medial compartment by up to 20% [6]. This change
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towards a medial overload is an important predisposing factor
for osteoarthritis [7]. Not only do people with varus alignment
suffer a twofold increased risk of developing osteoarthritis [8]
but the disease also progresses more rapidly in these subjects
[6, 9]. Besides the development of osteoarthritis of the knee,
the presence of genu varum predisposes sportsmen to injuries
at the patellofemoral joint, such as patellofemoral pain syn-
drome [10].

Since this concept of constitutional varus has only been
introduced, there is a growing need to understand the factors
that contribute to the development of genu varum [4, 11], even
more so because genu varum also leads to and accelerates the
progression of osteoarthritis [6, 8]. We therefore investigated
the occurrence of genu varum in young adolescents and its
relationship with sports participation. Our hypothesis was that
participation in weight-bearing sports during growth alters the
alignment of the knee towards varum.

Material and methods

Subjects

One thousand eight young healthy children between 12 and
19 years of age were recruited for this cross-sectional correla-
tion study. Only healthy volunteers with no orthopaedic or
trauma history could participate. We excluded subjects who
had been treated or seen for a musculoskeletal condition or
trauma and/or had been seen by a specialist. All participants
were recruited as volunteers at three different schools. All
volunteers consented to participate in the study, which was
approved by the ethical commission of our institution before
the first inclusion.

Included were 564 male and 444 female volunteers. The
volunteers were first divided into two groups by gender. Then
these groups were further split into three age groups: group 1
(12–13 years of age), group 2 (14–15 years of age) and group

3 (16–18 years of age). Participant’s demographic data are
presented in Table 1.

Measurement of leg alignment

All participants were weighted in kilogrammes (kg), and their
height was measured in centimetres (cm). From these mea-
surements, the body mass index (BMI) was calculated.

The alignment of the knee was determined by measuring
the intercondylar (IC) and intermalleolar (IM) distance. The
subject was asked to stand in an anatomic position with the
hips and knees in maximal extension with the medial condyles
or malleoli touching as it has been described before [1].

To have the subjects stand in a normal relaxed position, we
used a specially designed instrument, first described by
Witvrouw et al. [3]. The subjects were asked to assume a
relaxed standing position, with their feet at shoulder width,
each foot on a different platform. They were asked to position
their feet as such that the medial border of the feet was above
the inner border of the platform. Then a motor was used to
bring the two platforms together at a constant low speed until
the medial condyles or malleoli touched [3] (Fig. 1). The po-
sition of the patella facing forward was critically checked, as
was done by authors who have studied lower leg alignment [5,
12]. This was done to control the rotational position of the
lower extremity, since this might influence the outcome of
the measurement [12, 13]. Eventually, the intercondylar dis-
tance (mm) in subjects with genu varum was measured with
an inside calliper with the medial malleoli touching using the
method described by Heath et al. [14]. The intermalleolar
distance (mm) in subjects with genu valgum was measured
with an inside calliper with the medial condyles touching.
Intercondylar distances were expressed as positive values
and intermalleolar distances were expressed as negative
values. Both measurements were combined into one parame-
ter: the IC/IM distance [2]. When a subject was positioned in a
correct way, but neither the two malleoli nor the condyles

Table 1 Demographic data of the studied population

N Age (years) mean (SD) Height (cm) mean (SD) Weight (kg) mean (SD) BMI (kg/m2) mean (SD) IC/IM (mm) mean (SD)

Total 1008 15.45 (1.69) 169.21 (9.99) 56.94 (10.62) 19.75 (2.45) 14.40 (22.30)

Boys 564 15.34 (1.69) 172.28 (10.75) 58.98 (11.73) 19.69 (2.52) 15.92 (21.98)

Girls 444 15.54 (1.57) 165.25 (7.22) 54.30 (8.32) 19.82 (2.37) 12.34 (22.56)

Group 1 boys 167 13.27 (0.40) 162.01 (9.03) 47.50 (7.57) 18.02 (0.15) 0.02 (19.25)

Group 1 girls 91 13.26 (0.59) 161.16 (6.83) 48.29 (7.53) 18.55 (2.41) 5.62 (20.68)

Group 2 boys 164 14.93 (0.60) 172.21 (8.81) 59.32 (9.99) 19.93 (2.75) 15.15 (18.18)

Group 2 girls 153 15.08 (0.67) 165.22 (7.51) 53.59 (7.32) 19.58 (2.05) 15.54 (22.37)

Group 3 boys 233 17.03 (0.,69) 179.39 (6.53) 66.70 (8.38) 20.68 (2.05) 27.41 (19.06)

Group 3 girls 200 16.93 (0.64) 167.22 (6.27) 57.63 (7.68) 20.58 (2.31) 13.02 (22.96)

IC intercondylar, IM intermalleolar
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touched, the bony intercondylar and intermalleolar distance
was measured. When they had genu varum, half of the IM
measurement was subtracted from the IC measurement. This
value was then considered as the absolute IC/IM distance.
When they had genu valgum, twice the IC measurement was
subtracted from the IM measurement. This value was then
considered as the absolute IC/IM distance. All IC/IM dis-
tances from all subjects were measured by the same examiner.
The inter-tester reliability (ICC = 0.95) and the intra-tester re-
liability (ICC = 0.96) for the used technique of measuring IC/
IM had a high interclass correlation coefficient [3].

Questionnaire

All participants were asked to fill in a questionnaire. They
were asked about the date of birth, their sports participation,
for howmany years they had done so and for howmany hours
a week on average. They also answered the question whether
they had already consulted a doctor in musculoskeletal inju-
ries. They were not informed about the purpose of the study
before the measurements were done and the questionnaire was
filled in.

The degree of participation in sports

For every sport the subjects participated in, we calculated the
product of the number of years and the average number of
hours a week. We then added the products for all impact/

weight-bearing sports (e.g. tennis, basketball, volleyball, ath-
letics). We defined the result as ‘the cumulative sports factor’
and calculated it for every participant in the study in order to
describe the cumulative load of impact sports. A similar ap-
proach has been described before by Asadi et al. [15].

Statistical analysis

Properties of the different groups are presented as mean and
standard deviation. Graphs present the relation between
height, IC/IM and age.

Within the group of boys and the group of girls, a one-way
analysis of variance was performed to analyse the differences
among the three age groups separately. Post hoc tests were
performed using the least significant difference test. For each
age group, the differences between the data of boys and girls
were analysed using analyses of variance. Spearman’s rank
correlation coefficients between IC/IM, cumulative sports fac-
tor and BMI were calculated. Scatter plots were used to pres-
ent the IC/IM in function of the cumulative sports factor on
both the male and female subjects, separately for each group.

For this statistical analysis, SPSS statistics 18 (SPSS Inc.
Released 2009. PASW Statistics for Windows, Version 18.0.
Chicago: SPSS Inc.) was used. Statistical significance was
accepted at the level of P < 0.05.

Linear models are used for data analysis with IC/IM score
as the response variable. A possible nonlinear shape of the
association between two continuous measures (e.g., IC/IM
score and cumulative sports factor) is explored using both
quadratic effects and restricted cubic splines with 4 and 5
knots. Likelihood ratio tests are used for the comparison linear
and nonlinear trends. The R2 measure is used to compare the
relative importance of different sports/cumulative sports fac-
tors in the explanation of the association between the cumu-
lative sports factor and IC/IM. All these analyses have been
performed using SAS software version 9.2 (SAS Institute Inc.
2002. SAS System for Windows, Version 9.2. Cary: SAS
Institute Inc.).

Results

The general demographic statistics of the participants are rep-
resented in Table 1. The Spearman’s rank correlation coeffi-
cients between IC/IM and cumulative sport factor and be-
tween IC/IM and BMI are presented in Table 2. There is a
significant correlation between IC/IM and the cumulative
sport factor. This correlation is greater for girls and increases
with age. In addition, a significant correlation between IC/IM
and BMI in group 3 of the boys and group 2 and 3 of the girls
is found.

The height and IC/IM distance are presented in relation to
age in Figs. 2 and 3. We remark an increase in IC/IM in both

Fig. 1 Positioning of the subject on the measurement apparatus
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boys and girls. This increase of IC/IM in girls stagnates
around the age of 15 years with a mean of 15.15 mm. The
increase of IC/IM in boys stops around the age of 17 years
with a mean of 30.3 mm. A similar evolution is observed
regarding height in function of age, in both boys and girls.
The one-way analysis of variance between the IC/IM of girls
at the age of 15 showed no difference with the IC/IM of girls
older than 15 (F = 2.084, p = 0.15).

Figure 4 shows a boxplot of the IC/IM distance in boys and
girls, and Fig. 5 shows a boxplot of the cumulative sports
factor in boys and girls. One-way analysis of variance was
used to determine whether IC/IM differed between the age
groups in boys and girls. The analysis showed significant
differences between the age groups in boys (F = 101.39, p <
0.0000001) and girls (F = 6.334, p = 0.002). Post hoc Scheffé
tests showed that the differences between all age groups in
boys were significant. Post hoc Scheffé tests showed that in
the girls, group 1 was statistically significantly different from
group 2 (p = 0.002) and group 3 (p = 0.021). Yet the difference
between group 2 and group 3 was not statistically significant
(p = 0.594). Analysis of variance within the age groups be-
tween boys and girls showed a statistically significant differ-
ence between boys and girls in age group 1 (F = 4.581, p =
0.033) and age group 3 (F = 50.761, p < 0.0000001). In age
group 2, no significant difference between boys and girls (F =
0.030, p = 0.862) was found.

Univariate relationships were explored between patient
characteristics and the cumulative sports factor with the IC/
IM. Quadratic effects of age, BMI and weight were observed.
Length of a person is positively associated with IC/IM score.
Further, we found higher IC/IM scores for males compared to
females. Regarding impact sports, a quadratic association be-
tween cumulative sports factor and IC/IM score was found.
We analysed the association between cumulative sports factor
and IC/IM using a statistical model. This model includes an
interaction term between sex and cumulative sports factor and
corrects for age, sex and BMI. The quadratic trend observed in
the univariable analysis between the cumulative sports factor
and IC/IM ismaintained after correction for age, sex and BMI.
A significant interaction is observed between sex and cumu-
lative sports factor: the association between cumulative sports
factor and IC/IM is different for males and females. Themodel
predicted trend by sex for age groups 1, 2 and 3 are presented
in Fig. 6.

We explored which sports in the total population accounted
for the correlation between sports participation and trend to-
wards varus alignment: Table 3 shows that (1) the selection of
six sports (biggest weight-bearing sport groups) together ex-
plains almost as much of the variability as the cumulative
sports factor of all sports and (2) there is not one single sport
responsible for that. In Table 3b, we combined step by step the
sports going from highest to lowest R2. This is to find out

Table 2 Spearman’s rank correlation (rho) between IC/IM and cumulative sports factor and BMI

Cumulative sports factor p value BMI p value
Spearman (rho) Spearman (rho)

Group 1 boys 0.158 0.044 − 0.105 0.186

Group 2 boys 0.305 < 0.0001 − 0.098 0.213

Group 3 boys 0.344 < 0.0000001 − 0.133 0.043

Group 1 girls 0.252 0.018 − 0.069 0.525

Group 2 girls 0.353 < 0.0000001 − 0.210 0.009

Group 3 girls 0.464 < 0.000000001 − 0.267 0.0001

Fig. 2 Means of height in function of age for boys and girls Fig. 3 Means of IC/IM in function of age for boys and girls
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whether there is a combination of a few sports that explain
most variability. Overall, there is no combination of a few
sports that explain the largest part of the variability, each sport
makes a small contribution.

Furthermore, the strength of association between the six
sports of interest separately and IC/IM is explored: a signifi-
cant positive association between the cumulative sports factor
and IC/IM is found for football, jogging and volleyball indi-
vidually. For females, significant positive association is found
for all six sports. A pairwise comparison between sports indi-
cates significant difference in slope (strength of association)
between football and volleyball, and basket and volleyball for
males, with the strongest association between IC/IM and im-
pact score for volleyball. For females, no significant differ-
ences are observed between the slopes for different sports
(Table 4).

Discussion

This study demonstrates the correlation between participation
in weight-bearing sports and evolution of knee alignment to-
wards varum. This correlation is determined by a combination
of all weight-bearing sports in the total population, with each
sport making a small contribution. The degree of association

between different weight-bearing sports differs and is further
explored. Furthermore, our results show that the evolution
towards varum alignment takes place during the growth spurt.

Millions of children around the world are encouraged to
practice sports, since it is considered to improve general
health. Yet little is known about the musculoskeletal conse-
quences caused by this sports participation. Recent studies
suggest that a relation exists between sports participation in
adolescents and the development of varus knee alignment at
the end of growth [3, 4]. There is a great need to further
explore this relation, since varus alignment predisposes to
the development of osteoarthritis and accelerates the progres-
sion of the disease [6, 8]. This statement was supported by the
documentation of both a higher incidence of osteoarthritis of
the knee and a higher prevalence of knee varus in veteran
soccer players in comparison with a random population of
the same age [12].

The degree in which the adolescents participated in weight-
bearing sports was described by the cumulative sports factor.
Since this factor was arrived at by calculating, for each
weight-bearing sport, the product of the average number of
hours a week and the number of years they participated in it,
and then adding all these products, it gave us a good impres-
sion of sports participation.

Fig. 5 Boxplots of the cumulative sports factor in boys and girls by age
groups

Fig. 4 Boxplots of the IC/IM distance in boys and girls by age groups
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A significant correlation between the cumulative sports
factor and varus alignment is seen in all the different groups
(Table 2). This observation is in line with previous studies [3,
4]. We believe that the explanation for this correlation can be
found in the Heuter-Volkmann law. It states that compression
forces will halt physeal growth whilst distraction will lead to

overgrowth [16]. Thus, growth changes at the tibial plateau
could be the result of cumulative stress caused by weight-
bearing sports. Since approximately 70% of the loads go
through the medial compartment of the knee [5], a halt in
growth is expected medially in subjects who participate ex-
cessively in weight-bearing sports. Evidence of the role that
this mechanical overload plays in the development of genu
varum and the connection with restricted physeal growth
was presented in a previous study [17]. Previously, the exter-
nal knee adduction moment, which correlates with increased
load on the medial compartment relative to that of the lateral
compartment [18], has been correlated with the mechanical
axis of young normal subjects [19].

We saw an association between most of the six biggest
sports separately and IC/IM distance: A significant positive
association between the cumulative sports factor for each
sport separately and IC/IM is found for football, jogging and
volleyball. For females, significant positive association is
found for all six sports. When evaluating differences in be-
tween those sports, only significant differences could be found
between football, and volleyball and basket and volleyball for
males, with the strongest association between IC/IM and im-
pact score for volleyball. For females, no significant

a Model predicted trend by sex for age group 1  (and average BMI) 

b Model predicted trend by sex for age group 2  (and average BMI) 

Cumulative Sports Factor

Cumulative Sports Factor 

c Model predicted trend by sex for age group 3 (and average BMI) 

Cumulative Sports Factor

Fig. 6 a Model predicted trend by sex for age group 1 (and average
BMI). b Model predicted trend by sex for age group 2 (and average
BMI). cModel predicted trend by sex for age group 3 (and average BMI)

Table 3 Relative importance of different sports with respect to the
cumulative sports score

Model R2

A

Covariates only (age, sex, BMI) 0.227850

Cumulative sports factor 0.319394

All six sports 0.299037

Football 0.234610

Tennis 0.235118

Jogging 0.237140

Volley 0.246179

Basket 0.239154

Dance 0.233798

B

Volley 0.246179

Volley + Basket 0.257928

Volley + Basket + Jogging 0.269460

Volley + Basket + Jogging + Tennis 0.276529

Volley + Basket + Jogging + Tennis + Voetbal 0.289167

Volley + Basket + Jogging + Tennis + Voetbal + Dance 0.300382

The R2 indicates the percentage of the total variability that is explained by
the model. This takes a value between 0 and 1, with higher values indi-
cating stronger associations. The first model (covariates only) indicates
the variance explained by age, sex and BMI. In the rest of the table, the
cumulative sports factors of the different sports separately (in different
forms; also the cumulative sports factor) are additionally included in the
model
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differences are observed between the slopes for different
sports. This is most likely a result of low power. Although
our total sample size is rather large, the number of subjects
with cumulative sports factor scores larger than zero is not that
big. Most likely there is a difference between the strength of
association between the different sports and varus alignment.
Our study is the first to suggest that volleyball participation
correlates stronger with varus alignment than football does.

When looking at the total population of our study, which is
a good sample of normal population of adolescents, no com-
bination of a few sports accounts fully for the correlation
between sports participation and trend towards varus align-
ment (Table 3). Each sport makes a small contribution to the
correlation with varus alignment. This can be explained as our
population participated in a large amount of different (weight-
bearing) sports, which effect all comes together when calcu-
lating the cumulative sports factor for all those sports.

The results of this study show that there is a trend towards
varus alignment from the age period of 12 to 14 years (Fig. 3)
as seen in a previous study [13]. It is interesting to observe that
the evolution in varus corresponds with the period of the
growth spurt, this in both boys and girls (Figs. 2 and 3). We
can see that when growth slows down, the trend to genu
varum takes halt too.

We found no statistically significant difference in IC/IM
between age group 2 and age group 3 in girls, whilst there
was between groups 2 and 3 of the boys. The largest differ-
ence in IC/IM between both sexes is seen from the age period
of 16–18 years. This difference between sexes is in accor-
dance with previous studies [2, 13], whereas other studies
state exactly the opposite [1, 20]. We believe a part of this
difference can be explained by an earlier stagnation of the
growth in girls compared to boys.

An alternative explanation for the correlation could be pre-
sented by considering it as a form of natural selection. It has
previously been stated that soccer players with genu varum
may be at an advantage when participating in soccer [21]. The
player’s bowlegs may increase the balance and stability during
the game. This might also apply to athletes participating in

other weight-bearing sports. In this way, more children with
varus knees end up being athletes. Also, it has previously been
stated that people with valgus knees can experience a disad-
vantage in sports [22]. They have an awkward gait with the
knees rubbing together and the feet kept apart. They tire more
easily and lag behind in physical activity. Additionally, the
varus angulations in athletes can be genetically determined
and might be a product of normal development rather than a
result of training [12].

The negative correlation between IC/IM and BMI, mostly
significant in girls, was not expected. This has not been de-
scribed in other studies where clinical measurement of the
alignment was performed. This can be explained by the rela-
tively thick thighs of the heavier children, who give an over-
estimation of the IM distance. The higher negative correlation
in the girls group can be explained by the higher amount of IM
measurements in comparison with boys group.

With the negative consequences of genu varum in mind,
we must ask ourselves what efforts can be made to reduce this
evolution towards varus legs. We believe a reduction can be
achieved by lowering the adduction moment of the knee, since
it corresponds to increased load on the medial compartment
[18]. In a recent study, gait retraining was evaluated for reduc-
ing the knee adduction moment and showed a reduction of
knee adduction moment of 29 to 48% [23]. Another option
would be a footwear intervention, since recent studies show
that a shoe sole with a more rigid lateral side or a thicker lateral
side reduces the peak adduction moment during walking by
up to 16% [24, 25].

Some limitations of this study must be considered. Due to
the cross-sectional design of our study, we cannot determine
cause and effect relationships. As we described earlier, the
relation between genu varum and high intensity of sports par-
ticipation could be a form of natural selection, where athletes
with varus legs have an advantage over athletes with valgus
legs. This should be addressed in future prospective studies,
where a large cohort of adolescents is followed through time.
Another limitation is that our measurements of IC/IM using
the specially designed measurement device had a negative
correlation with BMI and may not be as exact as radiography.
This can be explained by the effect of the thickness of the
thighs, but further studies should investigate whether this is
an effect of the measurement.

Conclusion

Our results show that there is a significant correlation between
the alignment of the knee and participation in weight-bearing
sports during adolescence. Overall, there is no combination of
a few sports that explain the largest part of the correlation with
varus alignment, with each sport making a small contribution.
Future prospective research should address the cause/effect

Table 4 Table with
slopes for different sports
and by sex

Sport Males Females
Slope Slope

Football 0.1522 0.4014

Tennis 0.1947 0.5328

Jogging 0.3138 0.4540

Volleyball 0.3718 0.5509

Dance 0.1190 0.3235

Basket 0.0982 0.3282

The slope indicates the change in IC/IM
score with a one-unit increase of the cumu-
lative sports factor
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relationship, the biomechanical aetiology of this phenomenon
and question whether prevention is useful.
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