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Abstract
Studies have shown progressive genu varum increase between the childhood and adoles-

cence periods. Variables such as age, weight, vitamin/hormone intake, the environment and 
soccer training may interfere in the knee alignment. Objective: a) to compare the knee align-
ment in soccer and non-soccer practitioners, and b) to determine associations between this 
alignment and anthropometric and neuromotor variables. Methods: The intercondylar (ICD) and 
intermalleolar (IMD) distances were measured in centimeters in 128 male aged from 14-17 years, 
soccer practitioners (n=65) and non-practitioners (n=63). The anthropometric variables measured 
were: body weight and height, whereas the neuromotor variables included agility and speed. 
Results: Soccer players revealed a greater degree of genu varum (IC) than non-soccer players in 
all ages, but just in 14, 17 years-old and total group (all ages together) these differences were 
statistically significant (p< .05). Genu valgum (IM) tended to be less remarkable in soccer players 
than in non-soccer players in all ages; however, significant differences were observed only in 17 
years and total group (p< .05). The IC distances in soccer players correlated (p< .05) with agility 
(r=.-27), weight (r=.-27); while IM distances correlated (p< .05) with weight (r=.26).Conclusion: 
Soccer players showed more remarkable genu varum than the non-soccer players. There was a 
significant association between degrees of varus and valgum with body weight and agility. Such 
fact deserves further investigation in order to explain this interesting correlation. Present findin-
gs support the hypothesis that soccer leads to greater genu varum and/or this sport naturally 
selects subjects with a certain degree of genu varum.
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INTRODUCTION

The frontal plane knee alignment has been the issue of 
research, especially due to its clinical importance. The incon-
gruence of the lower limbs, especially the knee’s, may be 
related to articular instability and pain(1). Disorders in these 
structures may also cause problems in muscular support, ten-
dons, ligaments and retinacula, alternating the knee align-
ment between genu varum or genu valgum, changing hence 
knee function(2).

The impact of the knee alignment has become important 
in the sports environment both due to its relation with the 
muscle pain and injuries and to its association with the phy-
sical fitness variables(3,4,5). 

The frontal plane knee alignment normally ranges accor-
ding to age in male children(6). Prevalence of 65.2% of genu 
valgum was found from the first to the seventh year of life, 
30.4% of neutral knee from eight to 12 years and 51.1% of 
genu varum from 13 to 18 years old. 

It is worth remembering that factors such as race, weight, vi-
tamin contribution, metabolic/hormone disorders, environment 
and soccer practice can also influence on the knee alignment(7,8).

The study had the aims to: a) compare the frontal pla-
ne knee alignment according to chronological age in soccer 

players and students; b) analyze the associations between 
frontal plane knee alignment and the anthropometric and 
neuromotor variables of physical fitness.

MATERIALS AND METHODS
The study was based on a non-casual sample by convenience, 

involving 128 male subjects aged between 14 and 17 years (15.14 
± 1.1) from Ilhabela, Guarulhos and São Paulo regions. This age 
group was chosen since regular soccer practice should begin 
between 12-14 years so that early specialization of the individuals 
does not occur(9,10). These subjects were separated in two groups: 
soccer practitioners and non-practitioners (students). 

The first group was composed of 65 soccer players from two 
clubs of São Paulo state (A.D. Guarulhos and São Paulo F.C.). In 
order to be a member of this group, the subjects needed to 
engaged in a structured soccer training program of a minimum 
of three weekly sessions of 60 minutes each. This information 
was collected through a questionnaire with information on age, 
birth date, time of practice and injury history. 

The second group included as control was composed of 63 
students from the Ilhabela region, São Paulo, who did not par-
ticipate in soccer training programs.
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Both groups were divided in four subgroups:

group I – 14 years (n = 6 soccer players and n = 27 students);
group II – 15 years (n = 22 soccer players and n = 18 students); 
group III – 16 years (n = 16 soccer players and n = 10 students); 
group IV – 17 years (n = 21 soccer players and n = 8 students).

The sampling calculation was not done since the data of 
the control group were extracted from a longitudinal project 
in the 2009/2010 years, which limits the inference that soccer 
practice may interfere on the knee alignment A Free and Cla-
rified Consent Form was handed in and signed by the legal 
responsible individuals of the respective underage participants.

In this study, the anthropometric variables weight and 
height were assessed and subsequently used for determina-
tion of some association with the knee alignment. Biological 
maturation was analyzed through self-evaluation (correlation 
of 0.6-0.7 with pubic hair and 0.6 with breasts and genitals) 
of biological maturation(11), and no difference was found be-
tween groups.

The intercondylar (ICD) and intermalleolar (IMD) distances 
were measured with the subjects at orthostatism, barefoot, 
wearing shorts and on flat flloor, with hips, knees and ankles 
at neutral position(12). Therefore, the subjects were asked to 
adduct the lower limbs until the medial femoral condyle or the 
medial tibial malleolus bones touched. When the medial tibial 
malleolus bones came closer and touched first, the medial 
femoral intercondylar distance was measured in centimeters. 
These subjects were then classified as genus varum. When the 
reverse situation occurred, medial femoral condyles touched, 
the medial tibial intermalleolar distance was measured in cen-
timeters. In that case, the subjects were classified as genu 
valgum. When there was simultaneous intercondylar and in-
termalleolar contact, the subjects were classified as neutral; 
that is to say, IC and IM equal to zero. The instrument used 
for this measurement was a goniometer.

The shuttle run, vertical impulse with and without help 
of upper limbs and 50-meter velocity tests were applied to 
measure agility, strength of lower limbs and velocity, respec-
tively. All neuromotor tests followed standardization by the 
CELAFISCS(13).

Statistics analysis used the Kolmogorov-Smirnov norma-
lity test, which indicated the non-parametry of the data. The 
chi-square test was sued to compare the knee alignment 
ratios of the groups. The Kruskal Wallis and Mann Whitney 
tests were used for comparison of intercondylar (ICD) and 
malleolar (IMD) means within the same groups and in differ-
ent groups, respectively. The Spearman Rho test was used to 
measure the correlation between the knee alignment and the 
anthropometric and neuromotor variables.  

The Free and Clarified Consent Form was signed by the 
legal responsible individuals of the underage participants. 
The Longitudinal Project of Increase and Development of 
Ilhabela, from which part of this sample was taken is ap-
proved by the Ethics Committee of the Federal University 
of São Paulo (Unifesp).

The statistics package used was the SPSS 15.0 for Windows. 
The significance level adopted was p < 0.05.

RESULTS
Table 1 describes the characteristics of the soccer players 

and students.
The prevalence of the frontal plane knee alignment in 

genu varum, genu valgum or neutral is described in table 2. 
When the frontal plane knee alignment is assessed, preva-
lence of 67.7% of genu varum can be observed in the soccer 
practitioners’ group and of 30% in the students (p < 0.05). 
Genu valgum in soccer practitioners obtained prevalen-
ce of 21.5%, while in the students this value was of 52.3%

(p < 0.05). Neutral knees in the soccer practitioners presen-
ted prevalence of 10.7% and of 14.2% in the students (p < 0.05).

In the students’ group, the ICD presented increase ten-
dency from 14 to 16 years, and light decrease at 17 years, 
data which are not statistically significant. In the IMD, there 
was oscillation between the age groups compared. 

There was an increase tendency of the ICD levels among 
the soccer practitioners according to age progression from 
15 to 17 years, while the IMD levels oscillated between ages; 
however, these values were not statistically significant.

In all ages the ICD was higher in the soccer practitioners’ 
group when compared to the students’ group. However, only 
at 14 and 17 years this difference was statistically significant 
(p < 0.05) (figure 1).

The opposite episode has occurred with IMD, where all ages 
this measurement was lower in the group of soccer players 
compared to the students’ group. Nevertheless, this difference 
was only significant at 17 years old (p < 0.05) (Figure 2).

When a general comparison was established between 
groups, the ICD was 95.85% higher in the group of soccer 
players than in the students’ group (p < 0.05), while the IMD 
presented opposite phenomenon, with the soccer players wit 
ha difference of -32.47% when compared to the students (p 
< 0.05) (Figure 3).

The ICD and IMD of the group of students presented sta-
tistically significant negative correlation (r = -0.46). However, 

Table 1. Characterization of the sample of soccer practitioners and students.

Age Weight Height

X S X S X S

Soccer players 15.8 1.0 64.6 9.7 173.1 7.0

Students 14.9 1.0 56.6 13.6 166.2 9.9

*p < 0.05.

Table 2. Prevalence of knee alignment in soccer players and students.

Genu varum Genu valgum Neutral

n % n % n %

Soccer practitioners 44 67.7* 14 21.5* 7 10.8*

Students 19 30.1 33 52.4 11 17.5

*p < 0.05 – Difference between groups.
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Figure 2. IMD in students and soccer practitioners.

Figure 3. ICD and IMD in total group of soccer players and students.

Figure 1. ICD between practitioners and students.

STUDENTS SOCCER PRACTITIONERS

14 YEARS                   15 YEARS                    16 YEARS                       17 YEARS

1.8

1.6

1.4

1.2

1

0.8

0.6

0.4

0.2

0

(c
m

)

14 YEARS                    15 YEARS                        16 YEARS                       17 YEARS

STUDENTS SOCCER PRACTITIONERS

1.4

1.2

1

0.8

0.6

0.4

0.2

0

(c
m

)

STUDENTS SOCCER PLAYERS

1,4

1,2

1

0,8

0,6

0,4

0,2

0

(c
m

)

ICD IMD

none distances presented significant correlations with the re-
searched physical fitness variables On the other hand, the ICD 
of the soccer practitioners presented significant correlation (p < 
0.05) with agility (r = -0.27) and weight (r = -0.27), while the IMD 
with weight only (r = 0.26) (Table 3).

DISCUSSION
Prevalence of 70% of genu varum in former soccer athletes 

has been shown in previous studies(14). However, for this study, 
the cause-effect phenomenon, that is, the soccer environment 
causing severity in knee bandiness, cannot be established since 
47% of the researched knees suffered meniscal surgery and had 
radiological osteoarthritis, facts which can be associated with 
this bad alignment. 

These postural swerves are in important realities to be ana-
lyzed by the health professionals involved with soccer, since they 
can cause overload on the osteomyoarticular structures and be 
able to make the limbs of athletes of different modalities vulner-
able to injuries(15,16).

The soccer practitioners of this study presented prevalence of 
67.7% of genu varum; 21.5% genu valgum and 10.8% of neutral 
knees. The students’ group presented prevalence of 30.1% of genu 
varum; 52.4% of genu valgum and 17.5 of neutral knees. Thus, it 
can be observed that to a certain extent in this sample, progres-

Table 3. Correlations between the anthropometric and neuromotor variables with 
the frontal plane knee alignment in students and soccer practitioners.

Soccer practitioners Students

ICD IMD ICD IMD

x S r r x S r r

Age (years) 15.8 1.0 0.7 -0.13 14.9 1.0 0.03 0.12

Weight (kg) 64.6 9.7 -0.27* 0.26* 56.6 13.6 -0.01 0.23

Height (cm) 173.1 7.0 -0.12 -0.02 166.2 9.9 0.06 0.21

IVS (cm) 39.4 4.7 0.04 0.09 34.4 7.5 0.16 0.05

IVC (cm) 47.5 6.1 0.05 -0.20 43.3 8.2 0.19 -0.17

Agility (sec) 9.5 0.3 -0.27* 0.20 11.2 0.9 -0.15 -0.13

Velocity (sec) 7.3 0.5 -0.14 0.20 8.3 0.9 -0.21 0.09

*p < 0.05.
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sive genu varum increase with age in both groups. However, the 
group of soccer practitioners presented more remarkable genu 
varum levels than the control group, being these differences 
statistically significant (p < 0.05). 

These data corroborate the study which compared the 
percentage distribution of the frontal plane knee alignment 
from 12 to 17 years in one male group of soccer practitioners 
and another group of boys who did not practice it and a third 
group of female adolescents(17). There was higher prevalence 
of genu varum in the male soccer athletes (73.5%), which was 
higher than in the boys who did not practice soccer (40.58%), 
followed by the female group (14.12%).

Concerning the distribution of the genu valgum align-
ment, the female group presented higher prevalence (62.35%), 
followed by the group of boys who did not practice soccer 
(31.89%) and for last the group of soccer athletes (12.02%). 
Concerning the prevalence of the neutral position knee alig-
nment, there was oscillation among groups, where the group 
of athletes presented 14.73% of the cases; the group which 
does not practice soccer, in 27.53%, and the female group 
with 23.53%. 

In a trial to demonstrate that external phenomena such as 
engagement in a structured soccer program could influence 
on the frontal plane knee alignment, this study performed 
comparison between individuals who practice soccer and 
those who do not practice it. Difference in the alignment of 
this articulation was found in all age groups between groups, 
including in the total group. However, this difference was sta-
tistically significant (p < 0.05) only for the groups from 14 to 
17 and the total group.

In a study comparing the intercondylar and intermalleo-
lar distances of 336 soccer practitioners and 428 non-prac-
titioners aged 8 to 18 years(8), difference in the frontal plane 
knee alignment between the group of soccer practitioners and 
non-practitioners can be found; however, this difference was 
statistically significant only in the group from 16 to 18 years, 
demonstrating more remarkable genu varum level in the group 
of soccer practitioners. According to the same author, the hy-
pothesis for such phenomenon may be attributed by the load 
offered to the knee medial compartment during the soccer 
specific actions such as kicking and passing.

Frontal plane knee alignment evaluation in individuals aged 
between 10 and 21 years, out of which 106 belonged to a 
group of soccer players and 68 were tennis practitioners was 
performed in a previous study(18). The regression performed in 
this group demonstrated a statistically significant difference 
(p < 0.001) between groups from 13 years of age, where the 
soccer practitioners presented more remarkable genu varum 
than the tennis practitioners. When this same analysis was per-
formed in groups (10 to 13 years, 14 to 16 years and 17 to 21 
years), statistically significant difference was found in favor to 
the soccer practitioners only in the intermediate group (p < 
0.0006) and in the more advanced age group (p < 0.001). The 

authors support the idea that there is a natural selection in 
this modality of the individuals who present more remarkable 
knee alignment in genu varum.

The associations between frontal plane knee alignment 
and the anthropometric and neuromotor variables were found 
in the present study only in the group of soccer practitioners, 
where the ICD obtained statistically significant association (p 
< 0.05) with weight (-0.275) and agility (-0.276), while the 
IMD significantly associated with (p < 0.05) only with body 
weight (0.260).

However, a positive and significant association (p < 0.05) 
between genu valgum and agility (r = 0.21) and velocity (r = 
0.22) has been presented in a previous study(6). The authors 
suggest that the knee genu valgum may imply in biomechani-
cal difficulties during movement and gestures which involve 
the lower limbs, decreasing performance in activities or sports 
which need these variables.

Positive and significant associations have also been found 
(p < 0.05) between the levels of genu varum and the anthro-
pometric variables age (r = 0.34), height (r = 0.29), weight (r = 
0.42) and BMI (r = 0.35), as well as with the neuromotor variables 
vertical thrust (r = 0.44) and negative and significant associa-
tion (p < 0.05) with velocity (r = -0.28) in the male gender (5). 
The same authors concluded that some levels of genu varum 
could favor sports performance which requires the variables 
velocity and vertical thrust.

Among some of this study’s limitations, the transversal 
approach with a convenience sample extracted from a longi-
tudinal study, not performing hence the sample calculation, 
prevents one from deeply inferring especially on the cause/
effect relation between knee alignment and soccer practice, 
besides the correlations with physical fitness of the young men. 
Therefore, further longitudinal studies in this research flow 
which present the effect sports practice, namely soccer here, 
can have on the frontal plane knee alignment are suggested.

CONCLUSION
When the frontal plane knee alignment of soccer practitio-

ners and students who did not practice soccer was compared, 
difference in the knee alignment at 14 and 17 years and more 
remarkable levels of genu varum was observed in the group of 
soccer players.

The remarkable levels of genu varum presented association 
with improvement in agility, performance, an interesting and 
promising fact which should receive future attention. However, 
further studies with other age groups and with control of en-
gagement time in the soccer structured program are suggested 
in order to corroborate the alteration of frontal plane knee align-
ment with soccer practice, as well as of the association of these 
with the physical fitness variables.

All authors have declared there is not any potential conflict of 
interests concerning this article.
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