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Introduction
Adolescent athletes who are active during a growth spurt may 

develop epiphysitis at multiple sites, and many sports injuries in 
adolescent athletes are caused by the architectural fragility of the 
epiphysis [1,2] for example, elbow joint injuries in baseball players 
and knee joint injuries in soccer players [3]. Osgood-Schlatter 
disease (OSD) is the most common type of knee joint injury among 
adolescent male soccer players [4-6]. Osgood-Schlatter disease is 
caused by traction apophysitis of the tibial tuberosity because of 
repetitive strain from the quadriceps muscle. To clarify the cause 
of OSD in adolescent soccer players, Watanabe et al. measured the  

 
position of the center of gravity (COG) during the kicking motion. It 
was revealed that the COG during the kicking motion was backward 
in the soccer players who developed OSD [7]. Recently, it has been 
reported that taping methods can influence the potential of muscle 
force. However, many reports have not achieved a clear conclusion 
of how to increase muscle force by using taping methods [8-10]. If 
the taping increases the muscle force, it should also have effect on 
a position of the joints during sports activities. The purpose of this 
study is to develop a taping method (prevention tape) to prevent 
the backward COG during the kicking motion and therefore to 
prevent the onset of OSD in adolescent male soccer players.
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Osgood-Schlatter disease is the most common type of knee joint injury among adolescent male soccer players. To clarify the cause of Osgood-
Schlatter disease in adolescent soccer players, we previously measured the position of the center of gravity during the kicking motion. It was revealed 
that the center of gravity during the kicking motion was backward in soccer players who developed Osgood-Schlatter disease. The purpose of the 
present study was to develop a taping method (prevention tape) to prevent backward center of gravity during the kicking motion and therefore to 
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with a mean age of 10.2 ± 0.4 years. The three-dimensional coordinates of the markers were calculated using a three-dimensional video motion 
analysis system. The center of gravity was measured by Yokoi’s method, using body part coefficients. A net was set up 3m away from the ball and 
1m above the ground in order to measure the kicking motion. When applying the prevention tape, the patella was pulled downward by the traction 
force of the tape. We investigated the difference in the position of the center of gravity during kicking motion with or without prevention tape. In 
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Materials and Methods

Participants
The participants recruited for this study were 37 boys from two 

soccer teams of an elementary school (mean age, 10.2 ± 0.4 years; 
mean height, 139.0 ± 5.8 cm; mean weight, 33.0 ± 5.6 kg; mean 
body-mass index (BMI), 17.1 ± 2.0). Participants were all Japanese 
male athletes on the same team and in the same grade at school. 
For participant selection, the conditions were set as above in order 
to address inclusion bias when examining teams belonging to dif-
ferent cities or teams with nearly equal competitive results. Exclu-
sion criteria included pre-existing sports injuries of the knee such 
as OSD, Sinding-Larsen-Johansson disease, and patellar tendinitis. 
The participants provided written informed consent before partic-
ipating in the study, and the study protocol was approved by an in-
stitutional research ethics committee.

Procedure
The measurement procedures at baseline included a 

questionnaire followed by a physical examination and screening 
for lower limb injuries. Reflective markers with a diameter of 1cm 
were fixed in 25 places across the body: top of the head, earlobe 
(occipital), superior border of sternum, bilateral acromia, elbow 
joints, wrist joints, third metacarpophalangeal joints, greater 
trochanters, knee joints, lateral malleoli, toes, heels, and iliac 
crests, as well as on the spinous processes of the eighth thoracic 
vertebra and the superior border of the sacrum. The three-
dimensional coordinates of the markers were calculated using a 
three-dimensional video motion analysis system (Frame-DiasⅣ, 
DKH Corp, Tokyo). Three-dimensional video motion analysis was 
performed under two conditions: before and after attachment of 
prevention tape. COG measurements were obtained according to 
Yokoi`s method using body part coefficients [11]. A net was set up 3 
m away from the ball and 1 m above the ground in order to measure 
the kicking motion (Figure 1). 

Figure 1: Typical view of the kicking motion in pre- 
(A: non-tape condition) and post- (B: tape condition) 
conditions. A net was set up 3 m away from the ball and 
the target was 1 m above the ground. Measurement of the 
COG was obtained according to Yokoi’s method using 
body part coefficients.

Four high-speed cameras (EXILIM EX-F1, Casio Corp, Tokyo) 
were arranged at intervals of 4.5 m at 60 degrees, 150 degrees, 210 
degrees, and 330 degrees around the subject. Filming continued 
until the ball hit the target three times. Of the three filmed trials 
under each condition, the trial with the greatest ball impact was 
used for analysis. Kicking evaluations were made on the basis of 
the distance of the lateral malleolus of the support leg’s fibula from 
the COG during the kicking phase (COG distance). The COG distance 
was measured as the distance directly from the lateral malleolus 
to the COG (L1) and the distance on the X-Y plane (L2). The COG 
distance at foot contact and ball impact were also calculated 
(Figure 2). The prevention tape was made into an original shape 
to assist with knee extension force and pain relief (Japanese Patent 
Application No. 2013-230195). When applying the prevention tape, 
the patella was pulled downward by the traction force of the tape 
(Figure 3). Since the prevention tape was processed beforehand, 
our young participants could easily attach it to their own knees. We 
investigated the difference in the position of COG during the kicking 
motion in the pre- and post-tape conditions.

Figure 2: Measurement of the COG distance. Images A and B show the definition of posture during the kicking motion. Image 
C shows the method for calculation of the COG distance. 
L1: Distance from the lateral malleolus of the support leg to COG (yellow).
L2: Distance from the lateral malleolus of the support leg to COG on the X-Y plane (red).
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Figure 3: Taping method to prevent Osgood-Schlatter 
disease.

Statistical Analysis
The data were analyzed with SPSS v.22.0 (IBM Corporation, 

Armonk, NY, USA). Mean values and standard deviations were 
calculated for each condition. The level of significance was set to 
5% and a two-tailed test (Student’s t-test) was performed.

Results
In this study, one participant met the exclusion criteria for 

pre-existing OSD; therefore, 36 participants were included in the 
analyses. Figure 4 shows the data reflecting the COG distance under 
the two conditions and the statistical comparison of these data. In 
the distance from the lateral malleolus of the support leg to the COG 
(COG distance), there was no significant difference between the 
tape and non-tape conditions in the foot contact (tape: 0.81±0.06 
m, non-tape: 0.84±0.08 m) and ball impact (tape: 0.68±0.05 m, non-
tape: 0.69±0.06 m). In the distance from the lateral malleolus of the 
support leg to the COG on the X-Y plane, there were no significant 
differences between the tape condition or non-tape conditions in 
the foot contact (tape: 0.39±0.06 m, non-tape: 0.43±0.10 m), but 
the tape condition was significantly lower compared to the non-
tape condition in the ball impact (tape: 0.16±0.04 m, non-tape: 
0.19±0.05 m).

Figure 4: Comparison of tape condition (blue) with non-tape condition (red) in the COG distance on the direct and X-Y planes. 
The tape condition was significantly lower compared to the non-tape condition at the time of ball impact. Error bars represent 
the standard error of the mean.

Discussion
OSD is known to occur as a result of traction stress to the 

secondary ossification center of the tibial tuberosity by the 
patellar tendon. For this reason, OSD onset is strongly related to 
the growth process of the secondary ossification center of the tibial 
tuberosity [12]. This growth process is classified into four stages: 
the cartilaginous stage (ages 0-11 years), the apophyseal stage 
(ages 11-14 years), the epiphyseal stage (ages 14-18 years), and 
the bony stage (ages >18 years) [13,14]. It has been reported that 
the onset of OSD occurs more frequently in the apophyseal stage of 

development [15]. The mean age in this study (10.2 ± 0.4 years) is 
close to the apophyseal stage. The peak onset age for OSD is before 
the ages of 15 to 18 years [16,17]. Therefore, to perform preventive 
research on OSD, it is necessary to recruit the participants before 
they reach this age [18]. One participant in this study was excluded 
because of a prior history of OSD, but all other participants were 
recruited before the onset of OSD. 

There are many reports on the risk factors associated with the 
onset of OSD. Risk factors for adolescent soccer players include the 
period and intensity of growth spurts, increased tightness of the 
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quadriceps femoris muscle, lower limb malalignment, presence of 
preceding apophysitis, and the backward COG during the kicking 
motion [19-21]. It has been reported that kicking with the trunk 
inclined backward can shift the COG posteriorly, increasing the 
knee extension force in the support leg [7,22,23]. Since prevention 
of the onset of OSD in adolescent soccer players is influenced by 
physical characteristics in addition to growth spurts, it is important 
to undertake preventive strategies with conditioning exercises such 
as stretching, range of motion (ROM) exercises, and coordination 
exercises. However, intervention in elementary school age children 
for improving the kicking motion is difficult. In this study, significant 
differences were not measured in the COG distance, including 
vertical components (L1) at the COG position during the kicking 
motion. 

Since a significant difference was observed in the COG on the 
X-Y plane (L2), it is possible that elementary school age children 
during growth spurts may make errors in the vertical component 
of the kicking motion. Historically, taping has been performed for 
athletes with the aim of pain relief [24]. However, as demonstrated 
by the role of prevention tape of this study, it is possible to use 
taping for traction. In this study, tape was used to pull the patella 
downward to assist the extension force of the knee, and it had 
the function of suppressing the backward COG during the kicking 
motion. In our results, the position of the COG during the kicking 
motion at the time of ball impact decreased significantly in the 
tape condition compared with the non-tape condition. Although 
the difference in the COG position due to the presence or absence 
of tape is on average only 4 cm, it may be possible to reduce the 
onset of OSD by using prevention tape together with conventional 
conditioning methods. It is difficult in practice to use taping for 
elementary school children, and the assistance of coaches or 
parents may be necessary. The prevention tape of this study was 
made such that elementary school children could attach it to their 
own knees. However, continuous use of tape is more expensive than 
knee braces and may not be economically feasible.

Limitations
In the three-dimensional video motion analysis, the 

experimental environment was each team’s playing ground, so we 
were unable to use a floor gauge to measure the ground-reaction 
forces. As a result, it was not possible to calculate the extension 
force of the knee joint during the kicking motion.

Conclusion
We developed a taping method for OSD prevention and 

analyzed the effects of this tape on the kicking motion using a three-
dimensional video motion analysis system. In total, 36 adolescent 
soccer players were analyzed during the kicking motion under 
pre- and post-tape conditions. In adolescent soccer players with 
prevention tape during the kicking motion, COG changed to be 
significantly more forward than that in players without prevention 
tape. From the viewpoint of the three-dimensional video motion 
analysis, the OSD prevention tape was recognized to be effective in 
preventing the onset of OSD in adolescent soccer players.
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