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Background: Osgood-Schlatter disease (OSD) is an apophysitis of the tibial tubercle caused by repeated traction of the patellar
tendon during adolescence. Although OSD is associated more with sports such as soccer, it remains unclear whether the kicking
motion itself is related to OSD onset.

Purpose: To prospectively evaluate the kicking motion in adolescent soccer players who later developed OSD.

Study Design: Case-control study.

Methods: The authors observed 47 Japanese adolescent male soccer players (mean age, 12 years) over 6 months in 2018-2019;
none of the participants had OSD at study onset. The players underwent tibial tubercle ultrasound at baseline, and their kicking
motion was evaluated using 3-dimensional (3D) motion analysis with 65 reflective markers. The 3D angle of the lumbar spine,
thorax, and pelvis and the angular velocity of the hips, knees, and ankles were calculated for the support leg. The kicking motion
was divided into 8 phases, and ball speed, kicking time, and positions of the support (nonkicking) leg and center of mass (COM)
from the ball were calculated for each phase. Six months later, the players underwent another ultrasound and were divided into 2
groups: those diagnosed with OSD in the support leg (OSD group) and those without OSD (normal [NRL] group). All factors cal-
culated using the kicking motion analysis at the baseline were compared between groups.

Results: There were 19 players in the OSD group and 28 players in the NRL group. Anthropometric measurements, ball speed, and
kicking time were similar between the 2 groups. The forward translation of the COM and the support leg, the flexion angle of the
thorax, and the rotation angle of the pelvis before impact with the ball were all significantly smaller in the OSD group than in the NRL
group (P< .05). Moreover, the knee extension angular velocity of the support leg was significantly larger in the OSD group (P< .05)
at ball impact.

Conclusion: A kicking motion with small COM translation, small thoracic flexion, and small pelvic rotation before ball impact, as
well as large knee extension angular velocity of the support leg at ball impact, may be associated with OSD onset.
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Osgood-Schlatter disease (OSD) is an apophysitis during
adolescence wherein inflammation occurs in the epiphyseal
cartilage of the tibial tubercle as a result of repeated trac-
tion of the patellar tendon due to quadriceps femoris muscle
contraction.19,21 OSD is more associated with sports that
involve jumping, kicking, and running, such as soccer.6,14

Greater activation of the quadriceps femoris muscle of the
support leg over the kicking leg has been reported to occur
during ball impact in soccer,2 and adolescent soccer players

more often have OSD in the support leg than in the kicking
leg.26 Additionally, higher knee extension moments are
seen during a single-leg landing compared with other
motions (eg, running or cutting motion) in soccer.11

The kicking motion may contribute to OSD onset in the
support leg because soccer players reportedly prefer 1 leg
for ball kicking, which generates asymmetric lower extrem-
ity loading patterns.8 However, whether the soccer kicking
motion itself is related to OSD onset in the support leg
remains unclear. Although a study reported a relationship
between the backward shifting of the center of mass (COM)
during kicking and OSD onset,26 no studies have reported
any detailed dynamics during the kicking motion that are
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related to OSD onset in the support leg. In addition, based
on the 3-dimensional (3D) biomechanics of the soccer kick,
several factors have been clarified to be related to the devel-
opment of ball speed (eg, forward COM translation,22 pelvic
rotation12 before the ball impact phase, and knee extension
angular velocity of the support leg at ball impact1,10). How-
ever, these factors have not yet been evaluated in relation
to the development of OSD.

In this study, we aimed to evaluate the soccer kicking
motion characteristics associated with OSD onset in the
support leg in a prospective cohort study by analyzing 3D
biomechanical kicking motion, especially the dynamics of
the support leg, COM translation, and pelvic rotation. Our
hypothesis was that the dynamics of the support leg and
trunk during the kicking motion would differ between
players who develop OSD in the support leg and those who
do not.

METHODS

Participants

A cohort of Japanese junior high school male soccer players
from a single soccer team were observed over 6 months in
2018-2019. The team was part of a local recreational lea-
gue, and the participants attended regular soccer training
after school and on the weekends. We initially enrolled
57 boys (age, 12.5 ± 0.5 years; height, 151.5 ± 7.6 cm; body
weight, 42.1 ± 8.0 kg; body mass index, 18.3 ± 2.2), all of
whom were in the first year of junior high school. The
players had 5.4 ± 1.8 years of soccer experience, and they
were all in good health and free from musculoskeletal dis-
orders influencing kicking motion.

Study Design

This study was approved by the local ethics committee and
was conducted in accordance with the Declaration of Hel-
sinki. All participants and their parents provided signed
informed consent before study participation. All measure-
ments were made at the institution of this study.

At baseline, all players underwent a medical examina-
tion and ultrasonography of the tibial tubercle by an ortho-
paedic surgeon (Su.T.). We also collected anthropometric
and real-time measurements of the kicking motion using
a 3D motion analysis system (Qualisys Track Manager;
Qualisys AB) on the same day. Players who had tenderness
and swelling of the tibial tubercle and whose stage of the

tibial tubercle was apophyseal or epiphyseal were diag-
nosed with OSD as previously reported.5,9,17 Players who
were diagnosed with OSD at the baseline were excluded
from further analysis.

The participants were followed for 6 months, at which
time a medical examination and tibial tubercle ultrasonog-
raphy were conducted, again by the same orthopaedic sur-
geon. Players diagnosed with OSD in the support leg were
assigned to the OSD group. Players who did not develop
OSD were assigned to the normal (NRL) group.

Kicking Motion Analysis

Based on a previous report,25 65 spherical reflective mar-
kers (14 mm in diameter) were placed on each participant
(Figure 1) using a combination of 3 marker placement
models: the Helen Hayes marker system for the whole body,3

the point cluster technique for the lower legs,4 and a tech-
nique for the spine as reported by previous studies.22-24

Reflective tape markers were attached to the ball to calcu-
late ball velocity. The kick-motion trials were conducted in
a gymnasium, and the participants were asked to kick a
regulation soccer ball (Fédération Internationale de Foot-
ball Association standard) 3 times with maximal effort
toward a small indoor soccer goal (3.0 � 2.0 m) 14 m from
where the ball was placed. The participants performed an
adequate warm-up (jogging for 5 minutes) before the trial.
Each trial was recorded using 10 motion-capture cameras
(Oqus; Qualisys AB) set at 240 Hz to measure the position
of the spherical markers. Kicking motion and ball velocity

Figure 1. Location of the 65 reflective markers on the body.
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data were analyzed from all 3 kicks using the Qualisys
Track Manager, and the noise was filtered from the raw
data using a 6-Hz low-pass filter. For each player, the kick-
ing motion resulting in the fastest ball speed among the 3
attempts was selected for analysis.

Biomechanics analysis software Visual3D (C-Motion Inc)
was used to calculate the 3D angle of the lumbar spine,
pelvis, thorax, hip, knee, and ankle of the support leg, as
well as the 3D angular velocity of the hip, knee, and ankle
of the support leg. The kicking motion was divided into
8 phases based on previous reports10,16,27: ground contact
of the kicking leg (phase 1), toe-off of the kicking leg (phase
2), maximum hip extension of the kicking leg (phase 3),
ground contact of the support leg (phase 4), maximum knee
flexion of the kicking leg (phase 5), maximum knee flexion
of the support leg (phase 6), ball impact (phase 7), and max-
imum hip flexion of the kicking leg (phase 8) (Figure 2). For
each phase, we calculated the ball speed, kicking time, posi-
tion of the support leg from the ball, and position of the
COM from the ball.

Statistical Analysis

A statistical power analysis was conducted for sample size
estimation. According to a previous study,26 the estimated
intragroup standard deviation of the forward COM trans-
lation was 5 cm, and the estimated difference between the
OSD and NRL group was >5 cm. This study required >16
players with OSD to achieve 90% power and an alpha of .05.

The following variables were compared between the OSD
and NRL groups: (1) anthropometric measurement at base-
line, growth increase at 6-month follow-up, and years of
soccer experience; (2) kicking time, maximum ball speed,
and phase duration (calculated as a percentage of the over-
all kicking motion); (3) forward translation of the COM and
the support leg between the kicking phases, where the
COM was normalized to height and the position of the sup-
port leg was normalized to leg length; (4) sagittal tilt angle
(flexion/extension) and rotation angles of the lumbar spine,
pelvis, and thorax at each phase and any dynamic changes;
and (5) for the support leg, the sagittal flexion/extension
angle and angular velocity of the hip, knee, and ankle at
each kicking phase.

All statistical analyses were conducted using SPSS for
Windows (Version 26.0; IBM Corp). Differences between

the 2 groups (OSD vs NRL) were assessed using the
unpaired t test or Mann-Whitney U test, as appropriate.
Differences were considered significant for P values <.05.

RESULTS

At baseline, 8 of the 57 players were diagnosed with OSD,
and 2 players did not participate in the follow-up assess-
ment; thus, 47 players were able to be evaluated. Of these
participants, 19 boys were diagnosed with OSD and
assigned to the OSD group: 12 boys had unilateral OSD
(only in the support leg), and 7 boys had bilateral OSD.
However, no boys had OSD only in the kicking leg. The
remaining 28 boys were assigned to the NRL group.

There were no significant differences between the NRL
and OSD groups in anthropometric measurements at base-
line, growth changes 6 months later, or soccer experience
(Table 1). No significant differences were noted in ball
speed, kicking time, or duration of each kicking phase
between the 2 groups (Table 2).

Regarding the kicking motion analysis, the COM (Figure
3A) and the support leg (Figure 3B) at phases 1 and 3,
respectively, were significantly closer to the ball in the OSD
group than in the NRL group. The forward translation of
the COM between phases 1 and 4 and phases 3 and 6 was
significantly smaller in the OSD group than in the NRL
group (P ¼ .003 and P ¼ .023, respectively). Moreover, the

Figure 2. The 8 phases related to the motions of the kicking leg and support leg.

TABLE 1
Comparison of Anthropometry and Soccer Experiencea

NRL (n ¼ 28) OSD (n ¼ 19) P

Baseline
Age, y 12.0 ± 0.2 12.2 ± 0.4 .102
Height, cm 150.6 ± 6.8 153.4 ± 7.6 .18
Body weight, kg 40.9 ± 6.9 44.2 ± 9.2 .174
Body mass index 18.1 ± 2.3 18.6 ± 2.4 .535

6-mo assessment
Increase in height, cm 3.3 ± 1.4 3.5 ± 1.4 .735
Increase in weight, kg 3.2 ± 1.2 3.5 ± 1.7 .438

Soccer experience, y 6.2 ± 1.7 6.8 ± 1.7 .219

aData are reported as mean ± SD. NRL, normal group; OSD,
Osgood-Schlatter disease group.
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forward translation of the support leg between phases 3
and 6 in the OSD group was significantly smaller than that
in the NRL group (P ¼ .038) (Table 3).

The sagittal tilt angle of the lumbar spine, thorax, and
pelvis at each kicking phase was similar between the
2 groups (Figure 4, A-C). The thorax started to flex (Figure
4B), and the pelvis started to tilt backward (Figure 4C)
from phase 5 during the kicking motion before the ball
impact (phase 7). The range of the flexion angle of the tho-
rax from phase 5 to 7 was significantly smaller in OSD
compared with NRL (P ¼ .027) (Table 4). No differences
in the change of lumbar tilt were noted between 2 groups.

The rotation angle of the lumbar spine, thorax, and pel-
vis at each kicking phase was similar between the 2 groups
(Figure 4, D-F). During the kicking motion, the pelvis
started to rotate toward the side of the support leg from
phase 3 (Figure 4F) as the thorax started to rotate toward
the side of the kicking leg after phase 3 (Figure 4E). The

rotation angle of the pelvis from phase 3 to 4 and phase 3 to
6 was significantly smaller in the OSD group versus the
NRL group (P ¼ .005 and P ¼ .017, respectively) (Table
4). No differences were noted in the change of lumbar rota-
tion between the groups.

The flexion/extension angle of the knee, hip, and ankle in
the support leg at each kicking phase was similar between
the 2 groups (Figure 5, A-C). Figure 5A describes the
dynamic motion of the knee in the support leg. The flexion
angle of the knee in the support leg increased after the
support leg contacted the ground (phase 4). After maximum
knee flexion (phase 6), the knee in the support leg extended
toward the ball. At ball impact (phase 7), the knee exten-
sion angular velocity of the support leg was significantly
larger in the OSD group (P ¼ .026) (Table 5). The flexion
angle of the knee and hip in the support leg increased from
phase 1 to 2, before ground contact of the support leg. The
knee flexion angle of the support leg was significantly smal-
ler in the OSD group at phase 1 (P ¼ .042) (Table 5).

DISCUSSION

This prospective study compared kicking motion before
OSD onset between players who developed OSD in the sup-
port leg and those who did not after a 6-month follow-up.
This study was the first to prospectively investigate the risk
factors in developing OSD by analyzing a 3D kicking
motion at each kicking phase focused on the dynamics of
the support leg, COM translation, and pelvic rotation. The
main findings of this study were that the COM translation,
the dynamic changes of pelvic rotation and thoracic flexion,
and the angular velocity of knee extension in the support
leg during kicking motion were significantly different
between the OSD and NRL groups. Moreover, no differ-
ences were noted in ball speed, kicking time, and phase
duration of the kicking phase between the 2 groups. The

TABLE 2
Comparison of Ball Speed, Kicking Time, and Phase

Duration of 8 Kicking Phasesa

NRL OSD P

Ball speed, m/s 22.4 ± 2.3 22.5 ± 2.7 .953
Kicking time, ms 571.7 ± 87.9 558.3 ± 65.3 .575
Duration of kicking phase, %b

Phase 1 ! 2 29.6 ± 4.4 29.1 ± 5.6 .705
Phase 1 ! 3 45.6 ± 5.3 46.0 ± 3.9 .767
Phase 1 ! 4 53.4 ± 5.6 53.2 ± 3.7 .89
Phase 1 ! 5 60.7 ± 5.9 60.2 ± 4.4 .77
Phase 1 ! 6 65.9 ± 7.1 65.8 ± 4.6 .994
Phase 1 ! 7 73.5 ± 6.6 73.5 ± 4.7 .972

aData are reported as mean ± SD. NRL, normal group;
OSD, Osgood-Schlatter disease group.

bDuration of phase 1 ! 8 ¼ 100%.

*P = .012
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COM forward shift and support leg translation, as well as
the range of motion in thoracic flexion and pelvic rotation,
were significantly smaller in the OSD group before the ball
impact phase. Furthermore, the knee extension angular
velocity of the support leg was significantly larger in the
OSD group at the ball impact phase. Thus, focusing on
these characteristics of kicking motion may help prevent
or treat OSD.

The forward COM shift was smaller in the OSD group
compared with that in the NRL group before ball impact. In
the current study, the positions of the COM and support leg

were measured at each kicking phase from the beginning of
the kicking motion (phase 1), and the forward COM shift
between the kicking phases was evaluated. The COM posi-
tion at the beginning of the kicking motion (phase 1) and
the position of the support leg right before ground contact
(phase 3) were significantly closer to the ball in the OSD
group. Furthermore, the range of motion in thoracic flexion
just before ball impact was also smaller in the OSD group
than in the NRL group. Consequently, the OSD group may
have presented a small forward COM shift and obtained
less anterior-posterior force from the beginning of the kick-
ing motion until ball impact compared with the NRL group.
A previous study reported that anterior-posterior force and
forward COM shift increase ball speed,18,22 which indicates
that skilled kickers can present dynamic forward COM
shift to increase ball speed. Therefore, the OSD group may
not be skilled enough to present an anterior-posterior force
before ball impact, which transfers to force that improves
ball speed, potentially resulting in overload of the support
leg. In support of this, Watanabe et al26 reported that back-
ward COM shifting during kicking increased the risk of
OSD onset, which represents the lack of anterior-
posterior force necessary for gaining ball speed. Their study
is compatible with the current results that players who
developed OSD could not produce enough anterior-
posterior force via COM translation to gain ball speed dur-
ing kicking.

Additionally, the OSD group performed less pelvic rota-
tion before ball impact compared with the NRL group,

TABLE 3
Comparison of Center of Mass and Support Leg

Translationa

NRL OSD P

Translation of center of mass, mb

Phase 1 ! 4 0.69 ± 0.07 0.61 ± 0.09 .003
Phase 3 ! 6 0.25 ± 0.05 0.22 ± 0.04 .023

Translation of support leg, mc

Phase 3 ! 6 0.29 ± 0.13 0.18 ± 0.22 .038

aData are reported as mean ± SD. P values indicate a statisti-
cally significant difference between groups (P < .05, t test).
NRL, normal group; OSD, Osgood-Schlatter disease group.

bNormalized to height.
cNormalized to leg length.
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Figure 4. Sagittal tilt of the (A) lumbar spine, (B) thorax, and (C) pelvis. Positive values indicate backward tilt, and negative values
indicate forward tilt. Rotation of the (D) lumbar spine, (E) thorax, and (F) pelvis. Positive values indicate rotation toward the side of
the support leg, and negative values indicate rotation toward the side of the kicking leg. Circles indicate outliers. NRL, normal
group; OSD, Osgood-Schlatter disease group.
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which is an ineffective motion-obtaining force to improve
ball speed. Skilled kickers have been reported to use a max-
imal or close to maximal pelvic range of motion during kick-
ing, and a large range of motion in the pelvis increases ball
speed.12,13,15 Lees et al13 indicated that a large change in
the pelvic rotation was found just before ball impact, sug-
gesting that muscles around the trunk are acting to
increase the rotational speed of the pelvis, which leads to

high ball speed. As a summary of the characteristics of
kicking motion in the OSD group before ball impact, the
dynamic motions of the trunk (eg, forward COM shift,
range of pelvic rotation) were insufficient compared with
those in the NRL group, which is considered as an unskilled
motion to achieve high ball speed.

At the ball impact phase, the OSD group produced faster
knee extension angular velocity of the support leg
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Figure 5. Flexion/extension angle of the (A) knee, (B) hip, and (C) ankle for the support leg. Positive values indicate flexion, and
negative values indicate extension. Circles indicate outliers. NRL, normal group; OSD, Osgood-Schlatter disease group.

TABLE 4
Comparison of Range of Motion in Thoracic Sagittal Tilt and Pelvic Rotationa

NRL OSD P

Thoracic sagittal tilt, degb

Phase 5 ! 7 –15.6 (–21.8 to –5.0) –12.8 (–18.7 to 7.5) .027
Pelvic rotation, degc

Phase 3 ! 4 2.9 (–0.6 to 30.1) 0.8 (–1.6 to 10.8) .005
Phase 3 ! 6 22.0 (2.7 to 41.3) 13.2 (2.4 to 30.8) .017

aData are reported as mean (range). P values indicate a statistically significant difference between groups (P< .05, Mann-Whitney U test).
NRL, normal group; OSD, Osgood-Schlatter disease group.

bPositive values indicate backward tilt, and negative values indicate forward tilt.
cPositive values indicate rotation toward the side of the support leg, and negative values indicate rotation toward the side of the kicking leg.

TABLE 5
Comparison of Knee Flexion or Extension Angular Velocity in the Support Lega

NRL OSD P

Knee angular velocity in support leg, deg/sb

Phase 1 631.4 (74.3 to 1223.9) 528.8 (–14.8 to 827.3) .042
Phase 7 –92.7 (–434.9 to –154.7) –218.2 (–392.0 to 448.4) .026

aData are reported as median (range). P values indicate a statistically significant difference between groups (P < .05, Mann-Whitney
U test). NRL, normal group; OSD, Osgood-Schlatter disease group.

bPositive values indicate flexion, and negative values indicate extension. The flexion or extension angular velocity of the hip and ankle in
the support leg at each kicking phase was similar between the 2 groups.
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compared with the NRL group. Several studies have
reported that the faster knee extension velocity of the sup-
port leg at ball impact contributes to the increase in ball
velocity.1,10 The intervention study of Augustus et al1 indi-
cated that the greater knee extension in the support leg
during the final extension phase (ball impact) of the kicking
stride served to vertically lift the hip in the support leg and
promote the downward swing of the foot of the kicking leg
toward the ball. Therefore, the faster knee angular velocity
at ball impact may have improved the ball speed in the OSD
group. Since the OSD group lacked a dynamic motion
(small forward COM shift, small thoracic flexion, and pelvic
rotation) at the preparation phase (before ball impact), the
faster knee angular velocity at the ball impact may have
been compensatory to produce the same ball speed as the
NRL group. A previous study reported that greater activa-
tion of the quadriceps femoris muscle of the support leg
occurs than that of the kicking leg during ball impact of the
kicking motion.2 Moreover, the fast knee extension of the
support leg at ball impact may have increased the traction
stress of the tibial tubercle through the quadriceps femoris
muscle and resulted in OSD of the support leg. Addition-
ally, Itoh et al11 revealed that single-leg landing produced
the highest knee extension moment compared with other
motions during soccer training. Moreover, the knee exten-
sion moment of the support leg during the kicking motion is
predicted to be higher than that during running or cutting.

According to the characteristics of the kicking motion of
the players who developed OSD as revealed in the present
study, the pathology of OSD onset is considered to be the
following mechanisms. Even though the players cannot
transmit energy because of COM translation generated by
the run-up and the trunk rotation to the ball is insufficient
before the ball impact phase, the same ball speed as that of
the controls is achieved by enhancing power with the reac-
tion force from the floor, obtained by stepping on the support
leg (fast knee extension from 1-leg stand) as a compensatory
action at ball impact, which seems to put more mechanical
stress on the extensor mechanism of the support leg and
thus influences development of OSD (Figure 6).

Such kicking motion, depending on the knee extension
velocity of the support leg at ball impact, can be an OSD
risk factor for the support leg. The kicking motion with
small trunk motion or small shift of COM may reflect the
player’s lack of ability to produce the force from translation

of COM, possibly resulting in overload of the support leg.
Moreover, extending the supporting leg at the ball impact
phase with fast speed directly causes more stress on the
tibial tubercle and can be considered as an inherent risk
during the kicking motion. Thus, adolescent soccer players
are encouraged during training to focus on improving
dynamic motion (forward COM shift, thoracic flexion, and
pelvic rotation) before the ball impact phase rather than
trying to extend the knee in the support leg more quickly
at ball impact. Several studies have reported that kicking
performance improved after trunk strengthening exer-
cises20,28 or manipulative intervention that improved the
range of motion of the trunk.7 Further studies are necessary
to find the cause of the small COM translation and small
trunk motion in the OSD group (eg, decreased flexibility or
trunk strength, impaired motor coordination) because the
years of soccer experience were similar between the OSD
and NRL groups. Furthermore, we need to conduct a kicking
technique intervention study to evaluate whether focusing
on kicking mechanics may help prevent OSD.

This study had several limitations. First, it was con-
ducted in a specific population of Japanese boys who regu-
larly played soccer on the same team. Further studies with
a larger number of participants are needed to confirm the
current findings. Second, a force plate could not be used to
measure ground-reaction force while the measurement to
derive the maximum kicking motion was conducted at the
gymnasium. Thus, the knee extension moment was not
evaluated in this study. An experimental setting with a
large force plate will be necessary to measure the ground-
reaction force because the position of the ground contact of
the support leg varies in each player and the distance of the
kicking stride is also different. Third, as we did not perform
a kicking motion analysis 6 months later, we should con-
sider the possibility that the players could have changed
their kicking form or technique by the end of the season.
Finally, this study investigated the kicking motion charac-
teristics associated with OSD onset in the support leg.
Thus, another investigation for OSD onset in the kicking
leg should be considered in the future.

CONCLUSION

A kicking motion with a small COM shift before ball impact
and a fast knee extension angular velocity for the support

Small translation of center of mass

Small range of pelvic rotation

Small range of thoracic sagittal tilt

Fast knee extension of support leg

Before ball impact At ball impact

Figure 6. Characteristics of the kicking motion in adolescent male soccer players developing Osgood-Schlatter disease.
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leg at ball impact was associated with OSD onset in the
support leg. Thoracic flexion and pelvic rotation before ball
impact were also smaller in players who developed OSD.
Adolescent male soccer players with a kicking motion that
relies on the power gained via the knee extension of the
support leg at ball impact may have an increased risk of
developing OSD in the support leg.
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