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Abstract
Background  To investigate the influence of sport-specific activities on coronal axial alignment of the lower limbs in ado-
lescent football and ice hockey players.
Methods  This cross-sectional study targeted healthy adolescent male football and ice hockey players with at least 3 years of 
sports participation. 90 football and 38 ice hockey players aged 12–16 years were divided into five age-matched subgroups. 
Coronal alignment of the lower limbs was determined by measuring the players' intercondylar or intermalleolar (ICD-IMD) 
distance with a custom-made calliper. In addition, their sports history was recorded. An age-matched comparison between 
the two sports groups was performed using the two-way model ANOVA and a multiple regression model for ICD-IMD was 
constructed. Results were additionally compared with age-matched data from the general population published in recent 
literature.
Results  A statistically significant increase in ICD-IMD values (p < 0.05) was found between 12 (football 0 mm; ice hockey 
− 64 mm) and 16 years (football 340 mm; ice hockey 310 mm) in both sports groups. Results of regression analysis of pooled 
group data showed that ICD-IMD has low positive correlation (r = 0.407; r2 = 0.168; p < 0.05) with time of participation in 
sport, but no association with age of athletes at the start of their sport participation (r = − 0.018; r2 = 0.000; p > 0.05). There 
were no statistically significant differences between the two groups at any time point. Both sports groups showed a significant 
increase in ICD-IMD values (mean 198 mm) after the age of 14 compared to the general population.
Conclusions  Participation in football and ice hockey is associated with a similar increase in ICD-IMD in the adolescent 
years in male athletes. The observed increase was higher in both groups of athletes than in their peers who do not regularly 
participate in sports.
Level of Evidence  Level 4 (case series).
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Introduction

More and more children and young adults participate in a 
variety of sports every day [1, 2]. It is generally accepted 
that participation in sport improves overall health. However, 
it also increases the risk of musculoskeletal injuries [3, 4]. It 
is estimated that almost 10% of children are injured during 
sporting activities each year [5] and about 8% are forced to 
give up their sporting activities due to sports injuries [6].

In healthy children, the axes of the lower limbs change 
dynamically during the first and, to a lesser extent, the 
second decade of life [7, 8]. At birth, the coronal align-
ment of the knee is typically varus, but by the second year 
of life, varus begins to gradually rotate towards valgus, 
peaking between the ages of 3 and 5 years, followed by 
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spontaneous correction by the age of 7 years to a physi-
ological alignment of 1° valgus to 3° varus with ethnic and 
gender differences [7–11]. The development of bow legs 
(varus knee alignment above the physiological value of 
3°) in late childhood and early teenage years is considered 
atypical, but in the majority of cases not pathological [3, 
9, 12]. There are numerous factors that contribute to the 
development of lower limb varus, such as environmental 
conditions, sports activities, gender, obesity, metabolic 
disorders, vitamin D deficiency, etc. [9, 12].

Bones react strongly to mechanical stress during ado-
lescence. According to the Heuter–Volkmann law, supra-
physiological compression forces can stop the growth of 
the physe, while distraction can lead to its hyper-growth 
[13]. Since the medial compartment carries about 70% of 
the load on the knee [14], frequent rapid accelerations and 
decelerations, crossover cutting tasks, pivot shift move-
ments and other movement patterns with strong abduction 
forces and weight-bearing loads can stop the growth of the 
proximal medial tibial physis and promote the develop-
ment of a varus knee. The main shift towards varus align-
ment probably occurs during the growth spurt [15].

Varus malalignment alters lower limb biomechanics 
by shifting the centre of the mechanical axis medially, 
which increases the load on the medial knee compart-
ment, increasing the risk of early-onset degenerative joint 
disease [12, 16, 17]. In addition, bowed legs predispose 
athletes to various overuse injuries, patellofemoral pain 
syndrome, meniscal lesions and medial tibial syndrome 
[3, 17, 18]. It has been clearly demonstrated that participa-
tion in sports is associated with an increased incidence of 
varus knee alignment in young athletes compared to peers 
who do not participate in sports [3, 8, 17, 19–21]. This is 
particularly true for young football players, which is prob-
ably due to the specific loading patterns in football [3, 8, 
17, 20, 21]. The influence of other sports, e.g. ice hockey, 
on axial alignment of the lower limbs is less well stud-
ied. Nevertheless, some studies reported a trend towards 
increased varus knee alignment in children participating 
in weight-bearing sports [15, 22].

Football and ice hockey are two biomechanically com-
pletely different sports. Football involves running and kick-
ing, with varus and internal rotation predominating in the 
hip, while ice hockey involves skating, with valgus and 
external rotation predominating in the hip. As both sports 
are common in our sub-alpine region and are played by a 
similar paediatric population, we decided to investigate and 
compare their effects on lower limb axial alignment.

The aim of our study was therefore twofold: (1) to ana-
lyse the development of lower limb axial deviations at the 
knee level in adolescent football and ice hockey players, and 
(2) to compare the results with data from the non-athletic 
population.

Materials and Methods

Study Design

The study was designed as a cross-sectional study and its 
protocol was approved by the National Medical Ethics Com-
mittee (Approvals Nos. 86/02/13 and 44/12/13). The study 
was conducted in accordance with the Declaration of Hel-
sinki (1964). Signed informed consent was obtained from 
all participants and their parents.

Subjects Data

The adolescent subjects were recruited from the male youth 
teams of two national premier league teams: the football 
club NK Maribor and the ice hockey team HK Olimpija 
Ljubljana. The medical and sporting history of the potential 
candidates was first recorded and checked. Participants were 
required to participate in regular sport for at least 3 years 
prior to recruitment, i.e. 3–5 training sessions per week 
plus competitions according to the age group programme. 
Individuals with a history of severe lower limb injury or 
surgery of any kind, known systemic musculoskeletal dis-
orders, malformations and deformities or joint hyperlaxia 
were excluded. Based on the selection criteria, 90 football 
and 38 ice hockey players aged 12–16 years were included 
in the study. They were divided into 5 age groups: from 12 
(≥ 12 and < 13) to 16 (≥ 16 and < 17) years.

Measurements

Coronal alignment of the lower limbs was determined by 
measuring inter-condylar (ICD) and inter-malleolar (IMD) 
distances with a calliper [8, 10]. Subjects stood in a relaxed, 
upright position with both feet pointing straight forward, 
hips and knees maximally extended and touching the medial 
femoral condyles or medial malleoli. Positive ICD-IMD val-
ues indicate increased intercondylar distance (varus align-
ment), while negative ICD-IMD values indicate increased 
intermalleolar distance (valgus alignment). All measure-
ments were performed alternately by two trained examiners 
and repeated three times for each participant. The technical 
details of the measurement are described in Krajnc et al. 
[23].

Sample Size Estimation

ICD-IMD was defined as the primary outcome measure of 
the study. The minimum sample size estimate at a statistical 
power of ≥ 0.90 (β-error ≤ 10%) was calculated for the ICD-
IMD interaction effect of the factorial ANOVA (age × sport) 
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based on the standardised effect size and SD, both pooled 
from a pilot sample. Assuming a 20% interaction effect, the 
estimated minimum number of participants was 12 (Statis-
tica, StatSoft Inc., Tulsa, Oklahoma, USA).

Data Management and Statistical Analysis

Data are presented as means ± standard deviation (SD). The 
ICD-IMD values were first compared by two-way analysis 
ANOVA (age × sport) with repeated measures for one factor 
between age groups and sports. The statistics reported for 
the interaction of the factors are the p-value (α), the effective 
size (ηp2) and the statistical power (1 − β). In case of a signif-
icant interaction or effect of any of the factors, the pairwise 
post-hoc comparisons were performed using Tukey's test for 
honestly significant differences. The obtained ICD-IMD val-
ues were also compared with the values of the age-matched 
general population obtained by Witvrouw et al. [17] using 
the t-test for unpaired samples. The associations between the 
values of ICD-IMD and the duration of participation in sport 
and the age at which participation started were analysed with 
bivariate linear regressions, Pearson correlation coefficients 
(r) and coefficients of determination (r2). Associations were 
calculated for the pooled group data and separately for the 
football and ice hockey groups. The statistical significance 
level for all tests was set at p < 0.05. Statistical analysis was 
performed using Statistica software (version 12, StatSoft 
Inc., Tulsa, Oklahoma, USA).

Results

The distribution of athletes among age groups was simi-
lar: in the 12-year-old group there were 19 footballers and 
8 ice hockey players, in the 13-year-old group there were 
20 footballers and 8 ice hockey players, in the 14-year-old 
group there were 19 footballers and 7 ice hockey players, in 
the 15-year-old group there were 15 footballers and 8 ice 
hockey players, and in the 16-year-old group there were 17 
footballers and 7 ice hockey players. There was no signifi-
cant difference between the sport groups in terms of age at 
initiation of sport participation (football = 7.1 ± 1.2 years; ice 
hockey = 6.8 ± 2.1 years; p = 0.553) and in terms of duration 
of participation in each sport (football = 6.8 ± 1.7 years; ice 
hockey = 5.7 ± 2.3 years; p = 0.668).

The interaction of the factors age and sport was not sig-
nificant (p = 0.892; ηp2 = 0.009; 1 − β = 0.110), so there 
were no statistically significant differences between the 
two sport groups at any age. There was a highly significant 
effect of the age factor (p < 0.001; ηp2 = 0.281; 1 − β = 0.999) 
and a non-significant effect of the sport factor (p = 0.437; 
ηp2 = 0.005; 1 − β = 0.121). The results of the post hoc anal-
ysis showed a statistically significant increase (p < 0.05) 

in ICD-IMD values between 12 and 16 years (12 years; 
football 0 mm ± 162 mm; ice hockey − 64 mm ± 272 mm, 
13  years; football 123  mm ± 203  mm; ice hockey 
35 mm ± 167 mm, 14 years; football 233 mm ± 225 mm; 
ice hockey 268  mm ± 306  mm, 15  years; football 
271 mm ± 233 mm; ice hockey 260 mm ± 109 mm, 16 years; 
football 340 mm ± 199 mm; ice hockey 310 mm ± 131 mm) 
in both sport groups (Fig. 1). Both sports groups showed 
a significant increase in ICD-IMD values compared to 
the general population; football players at age 13 (gen-
eral population: − 75  mm ± 238  mm, football players: 
123 mm ± 203 mm, p = 0.001) and ice hockey players at age 
14 (general population 52 mm ± 291 mm; ice hockey players 
268 mm ± 306 mm, p = 0.003).

Results of regression analysis of pooled group data 
showed that ICD-IMD has low positive correlation 
(r = 0.407; r2 = 0.168; p < 0.05) with time of participation in 
sport, but no association with age of athletes at the start of 
their sport participation (r = − 0.018; r2 = 0.000; p > 0.05). 
Regression analysis of football group showed that ICD-IMD 
has low positive correlation (r = 0.392; r2 = 0.154; p < 0.05) 
with duration of participation in sport, but no association 
with age at the start of sport participation (r = − 0.024; 
r2 = 0.000; p > 0.05). Likewise, regression analysis of ice 
hockey group showed that ICD-IMD has low positive cor-
relation (r = 0.436; r2 = 0.190; p < 0.05) with duration of par-
ticipation in sport, but no association with age at the start of 
sport participation (r = − 0.061; r2 = 0.004; p > 0.05).

Discussion

The main findings of the study presented were that par-
ticipation in football and ice hockey led to an increase in 
ICD-IMD values in adolescent boys aged 12–16 years. No 

Fig. 1   ICD-IMD values by sport and age subgroups (mean ± SD)
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statistically significant differences were found between the 
two sport groups at ay age. Both sports increased the devel-
opment of varus alignment of the knee compared to peers 
who did not participate in sports.

Our results in adolescent football players are consistent 
with previous studies showing a shift in lower limb align-
ment towards varus of the knee at the time of the second 
growth spurt [8, 19–21]. In contrast, there is no published 
data on lower limb alignment in ice hockey players. We only 
found the study by Thijs et al. [3] reporting on lower limb 
alignment in field hockey players, whose movement patterns 
are somewhat similar to those of ice hockey and can there-
fore be used for comparison. They observed a similar knee 
varus pattern in various sports such as football, athletics, 
basketball, volleyball, tennis, badminton, squash and field 
hockey [3]. They reported a significantly greater intercon-
dylar distance in athletic boys aged 13–15 years compared to 
peers not involved in sports (athletic ICD-IMD = 49 mm vs. 
nonathletic ICD-IMD = − 63 mm). Based on these results, 
they hypothesised that participation in weight-bearing sports 
contributes significantly to the development of bow legs. 
In our study, the average ICD-IMD in 13- to 15-year-old 
ice hockey players was 73 mm, confirming their hypoth-
esis. A significant relationship between varus knee align-
ment and weight-bearing sports was also observed in a large 
study by De Cock et al. [15]. They demonstrated that all 
weight-bearing activities (tennis, volleyball, dancing, bas-
ketball, jogging) cumulatively contribute to the development 
of varus knee alignment, but did not investigate whether 
the duration of exercise was also a factor. As described by 
Basier et al. [24] and Schipplein et al. [25], repetitive move-
ment patterns increase compression forces on the medial 
knee compartment, so it is reasonable to assume that the 
duration of participation in sport could play an important 
role. The results of our bivariate correlations showed that 
the duration of sport participation can explain about 16% 
of the increase in knee varus in football players and 19% 
in ice hockey players, while age at the beginning of sport 
participation showed no association. A more recent study by 
Insin and Melekoǧlu [21] also found a positive association 
between knee varus deformity and duration of football par-
ticipation, but with a much higher correlation explaining up 
to 64% of the change in ICD-IMD value. The difference in 
the strength of the association could be due to the wider age 
range (10–18 years) and the larger study sample (n = 237). 
Interestingly, our data suggest that the association is stronger 
in ice hockey players, which does not support the hypothesis 
that kicking the ball is one of the mechanisms for increased 
varus formation in the knee in adolescent football players 
[8, 17].

As highly repetitive weight-bearing movement patterns 
are typical for both football and ice hockey, they could 
explain the increased varus formation in the knee observed 

in both sports in our study. In contrast, some other authors 
[8, 17] suggested that the increased forces acting on the 
medial knee compartment during repetitive ball kicking are 
the main mechanism for the increased varus formation in 
football players, neglecting the influence of other activities 
(increased adduction torque, rapid changes of direction, cut-
ting tasks, etc.). If ball kicking were the main external fac-
tor for varus formation in the knee, one would expect more 
deformation of the dominant leg in football players. That 
this is not the case has already been clearly shown by Krajnc 
et al. [19] and Colyn et al. [22]. Krajnc et al. [19] demon-
strated asymmetric involvement of the tibial growth plate 
after intensive training, resulting in changes in the medial 
tibial growth zone associated with attenuated growth on both 
legs, while Colyn et al. [22] found no difference in knee 
alignment between the stance and playing legs in football 
players.

Varus knee alignment as a result of ever increasing train-
ing intensity, decreasing age of children participating in 
sports at a competitive level, and premature focus on a sin-
gle sporting activity predisposes athletes to various overuse 
injuries and syndromes [1, 3, 17, 18, 26]. It is well known 
that athletes, especially football players, have a higher preva-
lence of varus alignment of the knee, which has many nega-
tive consequences for knee health in the medium term [17, 
18, 24, 27]. The injury incidence varies and depends on age, 
gender and sport. According to Caine et al. [28], hockey, 
American football and football (soccer) have the highest 
frequency of injury in boys, while football, basketball and 
gymnastics have the highest frequency of injury in girls. It 
has been described that athletes who participate in weight-
bearing sports with high impact and torsional loads on the 
joints have an increased risk of knee injuries and early devel-
opment of osteoarthritis [29, 30]. As football and ice hockey 
players have been observed to have a very similar tendency 
to develop varus alignment of the knee with age, they appear 
to have a similar increased risk of meniscal injury, patel-
lofemoral pain, tibial stress syndrome and early development 
of osteoarthritis [18, 31, 32].

The following limitations of our methodology need to 
be considered. First, the sample size was small and we did 
not include a control group of non-athletic peers. However, 
we used previously published data from non-athletes in a 
comparable age range [3, 17], which clearly showed that 
both sport groups had higher ICD-IMD values at a given 
age. Secondly, standing height and leg length were not taken 
into account when comparing ICD-IMD values between age 
groups. Since we studied young players with active longi-
tudinal bone growth, the observed increase in the absolute 
value of ICD-IMD may not be a pure representation of 
changes in varus/valgus position of the knee. The increase in 
ICD-IMD value could be a function of the increase in bone 
length and not the change in hip-knee-ankle angle. However, 
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Cahuzac et al. [9] found no correlation between height and 
ICD-IMD distance, so absolute ICD-IMD values were used 
in most alignment studies [3, 7, 8, 15, 17, 21]. Thirdly, the 
measurement of intercondylar and intermalleolar distance 
cannot distinguish between possible asymmetries in the 
alignment of the left and right knee. Furthermore, there is 
a possibility of subjective bias when measuring ICD-IMD 
with a calliper. Therefore, in the presented study, great atten-
tion was paid to the standardisation of the measurement pro-
tocol and the measurements were repeated alternately by 
the two trained investigators. Krajnc and Drobnič [19, 23] 
had shown that the clinical measurement ICD-IMD values 
correlates well with the results of radiographs, therefore the 
method can be considered valid for population studies.

Conclusions

Participation in both football and ice hockey was associated 
with an increase in ICD-IMD values in male adolescents. 
However, no statistically significant differences were found 
between the two groups at any age. The increase in ICD-
IMD values was increased in both sport groups compared to 
their non-athletic peers. Our data reinforce the paradigm that 
the intensity and frequency of engagement in the primary 
sport discipline should be reduced in adolescent athletes dur-
ing the period of accelerated growth and replaced by more 
diverse and less intensive physical activities.

Author Contributions  NŽ—literature search, screening of articles, 
data analysis, and writing of the manuscript; ZK—date extraction 
and preparation, interpretation of data, and writing of the manuscript; 
AM—screening of articles and data extraction; MD—interpretation of 
data, and critical revision of the manuscript; AK; statistical analysis, 
interpretation of results, and critical revision of the manuscript. All 
authors read and approved the final manuscript.

Data availability statement  The data supporting the results of this 
study are available on request from the principal investigator, Dr. Alan 
Kacin (alan.kacin@zf.uni-lj.si).

Declarations 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Ethical Standard Statement  The study was approved by the Slove-
nian National Medical Ethics Committee (Approvals Nos. 86/02/13 
and 44/12/13). It was conducted in accordance with the Declaration 
of Helsinki (1964). Signed informed consent was obtained from all 
participants and their parents prior to inclusion. The authors have no 
relevant financial or non-financial interests to disclose.

Informed consent  Participants who met the inclusion criteria were 
invited to participate and their parents or legal guardians gave written 
informed consent prior to inclusion in the study.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Caine, D., DiFiori, J., & Maffulli, N. (2006). Physeal injuries in 
children’s and youth sports: Reasons for concern? British Journal 
of Sports Medicine, 40, 749–760. https://​doi.​org/​10.​1136/​bjsm.​
2005.​017822

	 2.	 Brenner, J. S., & Kelly, A. W. (2015). Overuse and overtraining 
injuries in teenage athletes. Adolescent Medicine: State of the Art 
Reviews, 26, 79–99.

	 3.	 Thijs, Y., Bellemans, J., Rombaut, L., & Witvrouw, E. (2012). 
Is high-impact sports participation associated with bowlegs in 
adolescent boys? Medicine and Science in Sports and Exercise, 
44, 993–998. https://​doi.​org/​10.​1249/​MSS.​0B013​E3182​407CA0

	 4.	 Shanmugam, C., & Maffulli, N. (2008). Sports injuries in children. 
British Medical Bulletin, 86, 33–57. https://​doi.​org/​10.​1093/​bmb/​
ldn001

	 5.	 Rosendahl, K., & Strouse, P. J. (2016). Sports injury of the pediat-
ric musculoskeletal system. La Radiologia Medica, 121, 431–441. 
https://​doi.​org/​10.​1007/​S11547-​015-​0615-0

	 6.	 Grimmer, K. A., Jones, D., & Williams, J. (2000). Prevalence 
of adolescent injury from recreational exercise: An Australian 
perspective. Journal of Adolescent Health, 27, 266–272. https://​
doi.​org/​10.​1016/​S1054-​139X(00)​00120-8

	 7.	 Arazi, M., Öǧün, T. C., & Memik, R. (2001). Normal develop-
ment of the tibiofemoral angle in children: A clinical study of 590 
normal subjects from 3 to 17 years of age. Journal of Pediatric 
Orthopedics, 21, 264–267. https://​doi.​org/​10.​1097/​01241​398-​
20010​3000-​00027

	 8.	 Yaniv, M., Becker, T., Goldwirt, M., Khamis, S., Steinberg, D. M., 
& Weintroub, S. (2006). Prevalence of bowlegs among child and 
adolescent soccer players. Clinical Journal of Sport Medicine, 16, 
392–396. https://​doi.​org/​10.​1097/​01.​JSM.​00002​44602.​74460.​E4

	 9.	 Cahuzac, J. P., Vardon, D., Sales, J., & Gauzy, D. (1995). Devel-
opment of the clinical tibiofemoral angle in normal adolescents. 
Journal of Bone and Joint Surgery, 77, 77–729.

	10.	 Heath, C. H., & Staheli, L. T. (1993). Normal limits of knee angle 
in white children-genu varum and genu valgum. Journal of Pedi-
atric Orthopedics, 13, 259–262.

	11.	 Sabharwal, S., & Zhao, C. (2009). The hip-knee-ankle angle in 
children: Reference values based on a full-length standing radio-
graph. Journal of Bone and Joint Surgery, 91, 2461–2468. https://​
doi.​org/​10.​2106/​JBJS.I.​00015

	12.	 Cook, S. D., Lavernia, C. J., Burke, S. W., Skinner, H. B., & 
Haddad, R. J. (1983). A biomechanical analysis of the etiology of 
tibia vara. Journal of Pediatric Orthopedics, 3, 449–454. https://​
doi.​org/​10.​1097/​01241​398-​19830​9000-​00006

	13.	 Eastwood, D. M., & Sanghrajka, A. P. (2011). Guided growth: 
Recent advances in a deep-rooted concept. Journal of Bone and 
Joint Surgery Series B, 93, 12–18. https://​doi.​org/​10.​1302/​0301-​
620X.​93B1.​25181

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1136/bjsm.2005.017822
https://doi.org/10.1136/bjsm.2005.017822
https://doi.org/10.1249/MSS.0B013E3182407CA0
https://doi.org/10.1093/bmb/ldn001
https://doi.org/10.1093/bmb/ldn001
https://doi.org/10.1007/S11547-015-0615-0
https://doi.org/10.1016/S1054-139X(00)00120-8
https://doi.org/10.1016/S1054-139X(00)00120-8
https://doi.org/10.1097/01241398-200103000-00027
https://doi.org/10.1097/01241398-200103000-00027
https://doi.org/10.1097/01.JSM.0000244602.74460.E4
https://doi.org/10.2106/JBJS.I.00015
https://doi.org/10.2106/JBJS.I.00015
https://doi.org/10.1097/01241398-198309000-00006
https://doi.org/10.1097/01241398-198309000-00006
https://doi.org/10.1302/0301-620X.93B1.25181
https://doi.org/10.1302/0301-620X.93B1.25181


181Indian Journal of Orthopaedics (2024) 58:176–181	

1 3

	14.	 Hsu, R. W., Himeno, S., Coventry, M. B., & Chao, E. Y. (1990). 
Normal axial alignment of the lower extremity and load-bear-
ing distribution at the knee. Clinical Orthopaedics and Related 
Research, 255, 215–217.

	15.	 De Cock, L., Dauwe, J., Holzer, L. A., & Bellemans, J. (2018). 
Knee alignment in adolescents is correlated with participation 
in weight-bearing sports. International Orthopaedics, 42, 2851–
2858. https://​doi.​org/​10.​1007/​s00264-​018-​4015-7

	16.	 Sabharwal, S. (2009). Blount disease. Journal of Bone and Joint 
Surgery, American Volume, 91, 1758–1776. https://​doi.​org/​10.​
2106/​JBJS.H.​01348

	17.	 Witvrouw, E., Danneels, L., Thijs, Y., Cambier, D., & Bellemans, 
J. (2009). Does soccer participation lead to genu varum? Knee 
Surgery, Sport Traumatol Arthrosc, 17, 422–427. https://​doi.​org/​
10.​1007/​S00167-​008-​0710-Z

	18.	 Brouwer, G. M., Van Tol, A. W., Bergink, A. P., Belo, J. N., 
Bernsen, R. M. D., Reijman, M., et  al. (2007). Association 
between valgus and varus alignment and the development and 
progression of radiographic osteoarthritis of the knee. Arthritis 
and Rheumatism, 56, 1204–1211. https://​doi.​org/​10.​1002/​art.​
22515

	19.	 Krajnc, Z., Rupreht, M., & Drobnič, M. (2015). Quantitative 
evaluation of growth plates around the knees of adolescent soc-
cer players by diffusion-weighted magnetic resonance imaging. 
BioMed Research International. https://​doi.​org/​10.​1155/​2015/​
482017

	20.	 Asadi, K., Mirbolook, A., Heidarzadeh, A., Kivi, M. M., Meybodi, 
M. K. E., & Rad, M. R. (2015). Association of soccer and genu 
varum in adolescents. Trauma Mon, 20, 47–51. https://​doi.​org/​10.​
5812/​TRAUM​AMON.​17184

	21.	 Isın, A., & Melekoğlu, T. (2020). Genu varum and football par-
ticipation: Does football participation affect lower extremity align-
ment in adolescents? The Knee, 27, 1801–1810. https://​doi.​org/​
10.​1016/j.​knee.​2020.​10.​007

	22.	 Colyn, W., Agricola, R., Arnout, N., Verhaar, J. A. N., & Bel-
lemans, J. (2016). How does lower leg alignment differ between 
soccer players, other athletes, and non-athletic controls? Knee 
Surgery, Sport Traumatol Arthrosc, 24, 3619–3626. https://​doi.​
org/​10.​1007/​s00167-​016-​4348-y

	23.	 Krajnc, Z., & Drobnič, M. (2019). Radiographic analysis of 
lower limb alignment in professional football players. Archives of 

Orthopaedic and Trauma Surgery, 139, 1771–1777. https://​doi.​
org/​10.​1007/​s00402-​019-​03266-9

	24.	 Ehnert, M., Stief, F., & Meurer, A. (2021). Axial deformities 
of the lower extremity in the frontal plane: From physiologi-
cal development to pathological and possible long-term conse-
quences. Der Orthopäde, 50, 511–519. https://​doi.​org/​10.​1007/​
s00132-​021-​04124-6

	25.	 Schipplein, O. D., & Andriacchi, T. P. (1991). Interaction between 
active and passive knee stabilizers during level walking. Journal 
of Orthopaedic Research, 9, 113–119. https://​doi.​org/​10.​1002/​
JOR.​11000​90114

	26.	 Soomro, N., Sanders, R., Hackett, D., Hubka, T., Ebrahimi, S., 
Freeston, J., et al. (2016). The efficacy of injury prevention pro-
grams in adolescent team sports: A meta-analysis. American Jour-
nal of Sports Medicine, 44, 2415–2424. https://​doi.​org/​10.​1177/​
03635​46515​618372

	27.	 Neely, F. G. (1998). Biomechanical risk factors for exercise-
related lower limb injuries. Sport Med, 26, 395–413. https://​doi.​
org/​10.​2165/​00007​256-​19982​6060-​00003

	28.	 Caine, D., Maffulli, N., & Caine, C. (2008). Epidemiology of 
injury in child and adolescent sports: Injury rates, risk factors, and 
prevention. Clinics in Sports Medicine, 27, 19–50. https://​doi.​org/​
10.​1016/J.​CSM.​2007.​10.​008

	29.	 Buckwalter, J. A. (2003). Sports, joint injury, and posttraumatic 
osteoarthritis. J Orthop Sport Phys Ther, 33, 578–588.

	30.	 Buckwalter, J. A. M. J. (2004). Sports and osteoarthritis. Curr 
Opin Rheumatol. Curr Opin Rheumatol, 16, 634–639.

	31.	 Maffulli, N. (1996). Paediatric sports injuries in Hong Kong: A 
seven year survey. British Journal of Sports Medicine, 30, 218–
221. https://​doi.​org/​10.​1136/​bjsm.​30.3.​218

	32.	 Englund, M., Felson, D. T., Guermazi, A., Roemer, F. W., Wang, 
K., Crema, M. D., et al. (2011). Risk factors for medial menis-
cal pathology on knee MRI in older US adults: A multicentre 
prospective cohort study. Annals of the Rheumatic Diseases, 70, 
1733–1739. https://​doi.​org/​10.​1136/​ard.​2011.​150052

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s00264-018-4015-7
https://doi.org/10.2106/JBJS.H.01348
https://doi.org/10.2106/JBJS.H.01348
https://doi.org/10.1007/S00167-008-0710-Z
https://doi.org/10.1007/S00167-008-0710-Z
https://doi.org/10.1002/art.22515
https://doi.org/10.1002/art.22515
https://doi.org/10.1155/2015/482017
https://doi.org/10.1155/2015/482017
https://doi.org/10.5812/TRAUMAMON.17184
https://doi.org/10.5812/TRAUMAMON.17184
https://doi.org/10.1016/j.knee.2020.10.007
https://doi.org/10.1016/j.knee.2020.10.007
https://doi.org/10.1007/s00167-016-4348-y
https://doi.org/10.1007/s00167-016-4348-y
https://doi.org/10.1007/s00402-019-03266-9
https://doi.org/10.1007/s00402-019-03266-9
https://doi.org/10.1007/s00132-021-04124-6
https://doi.org/10.1007/s00132-021-04124-6
https://doi.org/10.1002/JOR.1100090114
https://doi.org/10.1002/JOR.1100090114
https://doi.org/10.1177/0363546515618372
https://doi.org/10.1177/0363546515618372
https://doi.org/10.2165/00007256-199826060-00003
https://doi.org/10.2165/00007256-199826060-00003
https://doi.org/10.1016/J.CSM.2007.10.008
https://doi.org/10.1016/J.CSM.2007.10.008
https://doi.org/10.1136/bjsm.30.3.218
https://doi.org/10.1136/ard.2011.150052

	The Coronal Alignment of Lower Limbs in the Adolescent Football and Ice Hockey Players
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 
	Level of Evidence 

	Introduction
	Materials and Methods
	Study Design
	Subjects Data
	Measurements
	Sample Size Estimation
	Data Management and Statistical Analysis

	Results
	Discussion
	Conclusions
	References




