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Purpose: The factors associated with low back pain (LBP) and the relationship between 
LBP and ball velocity during kicking motion of adolescent soccer players remain largely 
unknown. This study aims to clarify the relationship between increasing ball velocity and 
LBP in adolescent soccer players.
Participants and Methods: Adolescent soccer players were divided into two groups 
according to the presence and absence of LBP (LBP group, n=38 and NBP (no back pain) 
group, n=29, respectively). Real-time kick motion was measured using a three-dimensional 
motion analysis system and the angle of the lumbar spine, hip, and center of mass (COM) 
were calculated. Regression analysis was used to identify factors associated with ball 
velocity and LBP. In addition, Pearson’s correlation coefficients were determined between 
the angle of the lumbar spine and hip, and ball velocity and position of COM in the extracted 
phase from regression analysis.
Results: The major factor associated with increasing ball velocity was the rotation angle of 
both hips (Adjusted R2=0.244) and vertical position of COM during kicking (Adjusted 
R2=0.262). Furthermore, the factors associated with LBP were the flexion angle of kick- 
side hip (OR=1.126) and abduction angle of both hips (kick-side OR=1.124; support-side 
OR=0.872). The factors for ball velocity and LBP were related to the maximum hip 
extension phase. In the hip extension phase of kicking, compared with the NBP group, the 
LBP group showed lesser extension and external rotation of the kick-side hip angle. In the 
hip flexion phase of kicking, the ball velocity was correlated with vertical (r=0.56)/anterior 
(r=0.46) position of COM in the NBP group.
Conclusion: To compensate for this restricted hip motion, the LBP group could extend and 
rotate their lumbar spine, which may likely cause stress to this region.
Keywords: kick motion, low back pain, lumbar spine, hip, adolescent

Introduction
Many adolescent soccer players experience low back pain (LBP),1,7 with LBP being 
cited as the fourth most common disorder.1 Chronic LBP persists for more than 3 
months.8 The diagnosis and treatment of chronic LBP have been surrounded by 
debate, and there is no clear consensus on its optimal management.9 Moreover, 
most LBP experienced by soccer players are acute and have identifiable etiologies. 
Compared with non-athletes, the LBP odds ratio for adolescent soccer players is 
1.6–2.0.3 Previous studies show a relationship between the presence of lumbar disk 
degeneration2 and/or spondylolysis4 and LBP among soccer players. Causative 
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factors for LBP, including instability of the trunk muscles,5 

hip–spine incoordination during movement,6 and repeti-
tion of excessive lumbar extension and rotation,7 have 
been identified.

Kick movement in adolescent soccer players has been 
previously reported.10,14 When adolescent soccer players 
kick the ball, they place the support foot near the ball10 

and rotate the trunk at a high velocity.11 Compared with an 
instep kick, a side-foot kick increases the external rotation 
angle of the hip,13 whereas an outstep kick increases the 
internal rotation angle of the hip.14 During a kicking 
motion, the presence of LBP laterally shifts the player’s 
center of mass (COM) and considerably rotates the lumbar 
spine,12 which stresses the lumbar spine. A study has 
reported the relationship between LBP and lumbar move-
ment while kicking.12 However, there were no reports on 
the relationship between LBP and hip–spine incoordina-
tion during kicking. The factors associated with LBP and 
the relationship between LBP and ball velocity during 
kicking motion of adolescent soccer players remains lar-
gely unknown.

Therefore, this study aims to clarify the factors asso-
ciated with increasing ball velocity and LBP during the 
kicking motion of adolescent soccer players. We hypothe-
sized that increased rotation of the hip joint during kicking 
could be associated with faster ball velocity, and increased 
rotation and extension of the lumbar spine could be asso-
ciated with an increase in low back pain prevalence. This 
would be important in preventing LBP in adolescent soc-
cer players.

Materials and Methods
Participants
This study was approved by the Office of Research Ethics, 
Waseda University [#2016-098], which was conducted in 
accordance with the Declaration of Helsinki. All participants 
from a soccer club team provided informed consent. The 
parents of the participants provided informed consent. We 
recruited 70 adolescent soccer players from the town recrea-
tion league team [age (mean±SD), 12.6±0.5 years; height, 
156.1±8.0 cm; body mass, 45.5±8.2 kg; body mass index, 
18.5±1.9 kg/m2] in 2018. Inclusion criteria were as follows: 
no history of spine/lower limb surgeries and no lower extre-
mity joint pain. These participants attended soccer practice 
after school and on the weekends, the average time of train-
ing/games per week was 5 days, which was supervised by 

the club team coaches. We excluded the data of three players 
due to technical difficulty with the measurements.

All participants who developed LBP were assessed by an 
experienced orthopedist immediately before or after the mea-
surement of kick motion. LBP was assessed and kicking 
movements were measured on the same day, and the partici-
pants did not attend the usual soccer practice. We divided 67 
participants into two groups according to the presence and 
absence of LBP (LBP group, n=38; NBP group, n=29) based 
on the findings of pain during trunk flexion and trunk exten-
sion, Kemp’s test, tenderness of the fifth lumbar spinous 
process, and observations during soccer training, and we 
asked the participants if LBP had persisted for more than 
a week.15,16 Kemp’s test is used to assess the lumbar spine 
facet joints by having a patient perform extension and rotation 
of the lumbar spine, with a positive test defined as 
a reproduction of the patient’s pain in the facet joint.16 The 
sensitivity of Kemp’s test is 23–100%, and its specificity is 
11.6–67.3%.16

Motion Analysis
Half of a basketball court was used for data collection. 
A regulation soccer ball (FIFA standard) was placed at the 
center of a circle, which was set at the coordinate center. 
We placed motion analysis cameras 8.5 m away from the 
ball; the accuracy of calibration was set at 1.9 mm. We 
placed a futsal goal 14 m ahead of the ball.

The participants warmed up before the measurement 
and practiced kicking the soccer ball three times. Based on 
a previous report,12 we placed 65 spherical markers on 
each anatomical landmark and used a combination of three 
marker placements: Helen Hayes marker for the whole 
body,17 the Point Cluster Technique for the lower 
legs,18,19 and the previous placement technique for the 
spine.6,12,20 To calculate the ball velocity, we attached 
reflective tapes markers to the ball. We measured the real- 
time kicking motion using a three-dimensional motion 
analysis system (Qualisys track manager; Qualisys AB., 
Sweden) with ten cameras set at 240 Hz to measure the 
position of the spherical markers. In the measurement, we 
asked the participants to kick the ball into the goal, not 
over the goal height or along the floor. Each participant 
kicked the ball three times as forcefully as possible. Kick 
motion and ball velocity data was analyzed from all three 
kicks. Noise was filtered from the raw data using a 6-Hz 
low-pass filter.

We used biomechanics analysis software Visual3D v5 
(C-Motion, Inc., MD, USA) to calculate the lumbar spine 
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angle, hip angle, COM, and maximum ball velocity. We 
calculated the lumbar spine angle from the thoracolumbar 
segment with respect to the pelvic segment (ie, the sum of 
L1–L5 vertebral movements).6 Based on previous 
reports,12,21 we collected data related to the following six 
events (Figure 1): foot contact (FC), toe-off (TO), max-
imum hip extension (HE), maximum knee flexion (KF), 
ball impact (BI), and maximum hip flexion (HF).

Statistical Analysis
The sample size of the t-test was calculated using the 
following formula:

n ¼ 2ðzα þ zβÞ
2
� ðσ=ΔÞ2 

where n indicates the calculated number of participants; 
the values of Zα and Zβ are 1.96 and 0.25, respectively; σ 
indicates the intragroup standard deviation (SD); and Δ 
indicates the difference between the means of the LBP and 
NBP group data (effect size). Alpha=0.05 and power=0.60 
were used to indicate statistical significance. The estimated 
intragroup SD was 7°, and the difference of both groups 
was 4°. With a conservative medium effect size of 0.5, 
more than 30 participants were needed for an unpaired 
t-test.

We performed statistical analysis using IBM SPSS 
Statistics ver. 19.0 (IBM Corp., Endicott, NY). We used 
stepwise multiple linear regression to identify associations 

between ball velocity and the angles of the lumbar spine or 
hip, and COM during kicking. We used logistic regression 
analysis to identify the factors associated with LBP. 
Pearson’s product-moment correlation coefficients were 
calculated between factors. To compare the significance 
between groups (LBP vs NBP), an unpaired t-test was 
used. We calculated the effect size of Cohen’s d. The 
level of significance was set at P<0.05.

Results
Factors Associated with Ball Velocity
Sixty-five players kicked the ball with an instep kick and 
two players kicked the ball with their inside foot. For the 
overall group, important factors for increasing ball velo-
city were greater external rotation of both hips in HE, 
greater internal rotation of the support-side hip in HF 
(Adjusted R2=0.244, P<0.001), and larger vertical position 
of COM in HF (Adjusted R2=0.262, P<0.001, Table 1). In 
HF, the ball velocity was correlated with vertical (NBP, 
r=0.56, P=0.003; LBP, r=0.46, P=0.002) and the anterior 
(NBP, r=0.46, P=0.013; LBP, n.s.) position of COM in 
NBP group.

Factors Associated with Low Back Pain
In the LBP group (n=38), the participants complained 
about LBP during trunk flexion (n=4), trunk extension 
(n=30), Kemp’s test to the right side (n=36) and left side 

Figure 1 The kicking motion of adolescent soccer player (A) without and (B) with low back pain.
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(n=33), and soccer training (n=5). In addition, tenderness 
of the fifth lumbar spinous process was commonly 
reported (n=29). There were no differences in time spent 
in each kick phase and the maximum ball velocity between 
both groups (Table 2). There were no differences of COM 
position between both groups (Figure 2 and Table 3).

The extracted parameters for the LBP were flexion angle 
of kick-side hip in FC [OR=1.126, 95% confidence interval 
(CI) for OR=1.049–1.208, P=0.001] and the abduction angle 
of both hips in HE (kick-side OR=1.124, 95% CI for 
OR=1.003–1.260, P=0.045; support-side OR=0.872, 95% 
CI for OR=0.789–0.965, P=0.008, Table 4). Except for the 
flexion angle of the lumbar spine in FC (P=0.039) and the 
tendency of TO (P=0.078), there were no significance differ-
ences between groups for lumbar spine angles (Figure 3 and 
Table 5). Compared with the NBP group, the LBP group 

showed less extension (P=0.032) and external rotation 
(P=0.055) on the kick-side hip in HE (Figure 4, Tables 6 
and 7). Correlations were found between the restricted exten-
sion angle of the kick-side hip and extension angle of the 
lumbar spine (NBP, r=0.345, P=0.066; LBP, r=0.368, 
P=0.023), the abduction angle of the kick-side hip and lateral 
bending angle of the lumbar spine (NBP, r=−0.384, P=0.040; 
LBP, r=−0.281, P=0.088), and the restricted external rotation 
angle of the kick-side hip and rotation angle of the lumbar 
spine to the supported side (NBP, n.s.; LBP, r=0.344, 
P=0.034) in HE (Figure 5).

Discussion
This study clarifies the factors associated with increasing ball 
velocity and LBP during kicking motion in adolescent soccer 
players. The major factor associated with increasing ball 

Table 1 Stepwise Multiple Regression Analysis for Ball Velocity

Adjusted R2=0.244, P<0.001

Model Unstandardized B 95% Confidence Interval p

Constant 22.554 21.290–23.819 <0.001
Rotation angle of kick side hip in HE −0.063 −0.119–-0.007 0.029
Rotation angle of supported side hip in HE −0.066 −0.116–-0.017 0.010
Rotation angle of supported side hip in HF 0.093 0.047–0.139 <0.001

Adjusted R2=0.262, P 0.001

Constant 12.018 7.161–16.876 <0.001
Vertical position of center of mass (m) in HF 12.876 7.511–18.241 <0.001

Notes: Increase in absolute value for the positive/negative values of Unstandardized B denotes increasing angles of internal/external rotation and upper/lower position of 
center of mass, respectively. The significant P-values were indicated by boldface type. 
Abbreviations: HE, maximum hip extension; HF, maximum hip flexion.

Table 2 Each Parameter of Both Groups

NBP Group LBP Group P Tojima et al12 Nunome et al13

Inside Kick Instep Kick Inside Kick

Mean±SD Mean±SD NBP (n=20) LBP (n=22) Toe Off to Ball Impact (n=5)

Age (years) 12.7±0.6 12.6± 0.5 0.699 14.0 13.9 High school soccer players

Height (cm) 156.7± 8.6 155.8± 7.9 0.653 164.8 164.1 174.6

Weight (kg) 45.8± 9.0 45.4± 8.0 0.854 54.8 52.9 67.6

BMI (kg/m2) 18.5± 2.2 18.6± 1.8 0.871 20.1 19.6 22.2

AP COM distance (m) 1.62± 0.26 1.57± 0.19 0.451 – – – –

Kick time (s) 535.1± 94.6 559.9± 77.7 0.243 513.6 575.2 221 190

Ball speed (m/s) 23.8± 2.4 23.4± 2.3 0.491 23.8 22.7 28 23.4

Toe off (%time) 26.8± 6.3 28.0± 5.1 0.375 26.5 27.6 0 0

Hip extension (%time) 44.7± 6.6 44.4± 4.5 0.818 40.6 42.9 48.5 33.7

Knee flexion (%time) 59.6± 7.1 59.7± 5.2 0.980 57.0 58.0 76.7 80

Ball impact (%time) 73.6± 8.2 73.1± 7.3 0.801 69.6 70.5 99.9 100

Abbreviations: LBP, low back pain; NBP, no low back pain; AP, anterior–posterior.
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velocity was the rotation angle of both hips and vertical 
position of the COM during kicking. Furthermore, the factors 
associated with LBP were the flexion angle of the kick-side 

hip and abduction angle of both hips. The factors associated 
with ball velocity and LBP were related to the maximum hip 
extension phase. In the hip extension phase of kicking, 

Figure 2 Mean (thick lines) and standard deviation (thin lines) for the center of mass with regard to (A) anterior-posterior, (B) lateral, and (C) vertical. The low back pain 
group is indicated by red lines and the no low back pain group is indicated by black lines.

Table 3 The Position of Center of Mass in Both Groups

NBP Group LBP Group P 95% CI Cohen’s d

Mean±SD Mean±SD Lower Upper

Anterior- Posterior (m) FC −1.46±0.20 −1.43±0.18 0.516 −0.125 0.064 0.16
TO −0.99±0.16 −0.94±0.12 0.168 −0.049 0.035 0.35

HE −0.65±0.13 −0.63±0.12 0.599 −0.077 0.045 0.13

KF −0.37±0.09 −0.36±0.09 0.449 −0.017 0.023 0.19

BI −0.17±0.08 −0.17±0.09 0.849 0.004 0.022 −0.05

HF 0.15±0.15 0.16±0.14 0.979 −0.001 0.036 0.01

Lateral (m) FC 0.92±0.22 0.98±0.23 0.266 −0.064 0.057 0.28
TO −0.17±0.17 0.77±0.16 0.426 −0.033 0.042 5.65

HE 0.62±0.14 0.65±0.13 0.412 −0.095 0.039 0.21

KF 0.53±0.11 0.55±0.11 0.426 −0.023 0.028 0.20

BI 0.48±0.10 0.51±0.11 0.422 −0.021 0.026 0.20

HF 0.46±0.10 0.47±0.13 0.972 −0.001 0.030 0.01

Vertical (m) FC 0.85±0.05 0.85±0.05 0.968 0.000 0.012 −0.01
TO 0.88±0.05 0.88±0.05 0.877 0.002 0.012 −0.04

HE 0.86±0.05 0.86±0.05 0.906 0.001 0.012 −0.03

KF 0.80±0.05 0.79±0.05 0.755 0.004 0.012 −0.08

BI 0.81±0.05 0.81±0.05 0.726 0.004 0.013 −0.09

HF 0.92±0.09 0.89±0.09 0.171 0.032 0.023 −0.35

Notes: The positive/negative values denote the anterior/posterior, support/kick-side, and upper/lower position of center of mass, respectively. 
Abbreviations: LBP, low back pain group; NBP, no low back pain group; FC, foot contact; TO, toe-off; HE, maximum hip extension; KF, maximum knee flexion; BI, ball 
impact; HF, maximum hip flexion; 95% CI, 95% confidence interval for difference.
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compared with the NBP group, the LBP group showed lesser 
extension and external rotation of the kick-side hip angle.

There were no differences between groups in the time 
spent in each phase of the kick and the maximum ball velocity. 
Katis and Kellis14 measured the kick motion of 10 European 
adolescent soccer players (mean age, 14 years) and reported 
that the ball velocity of 19.6 m/s (−16.9% difference from this 
study) during an instep kick was faster than that of 18.1 m/s 
(−23.3% difference from this study) during an outstep kick. 
Nunome et al13 measured the kick motion of Japanese high 
school soccer players and reported that the ball velocity of 

28.0 m/s (18.6% difference from this study) during an instep 
kick was faster than that of 23.4 m/s (−0.8% difference from 
this study) during an inside kick. Tojima et al12 measured the 
kick motion of Japanese junior high school soccer players and 
reported that a ball velocity of 23.8 m/s in the NBP group (no 
difference from this study) and 22.7 m/s in the LBP group 
(−3.0% difference from this study) during an inside kick. Our 
ball velocities were comparable to those found during the 
inside kick reported by Nunome et al13 and Tojima et al12 

(Table 2). Different kicking types and the development and 
improvement of kicking technique could affect the kick 
motion and ball velocity.

Factors Associated with Ball Velocity
In the current study, the important parameters for the 
increasing ball velocity were larger external rotation angle 
of both hips in HE and larger internal rotation angle of the 
support-side hip in HF. From HE to HF, participants rotated 
their hips externally to prepare for BI, and then kicked by 
rotating their support hip internally in HF. This is consistent 
with the result obtained by Katis and Kellis.14 Naito et al11 

reported that rotation of the trunk with a high velocity 
increases ball velocity, but did not report on hip rotation. 

Table 4 The Extracted Parameters for Low Back Pain by Logistic 
Regression Analysis

OR 95% CI P*

Flexion angle of the kick-side hip in 

FC

1.126 1.049–1.208 0.001

Abduction angle of the kick-side hip 
in HE

1.124 1.003–1.260 0.045

Abduction angle of the support-side 

hip in HE

0.872 0.789–0.965 0.008

Note: *All P-values are significant. 
Abbreviations: HE, maximum hip extension; FC, foot contact; OR, odds ratio; 
95% CI, 95% confidence interval for difference.

Figure 3 Mean (thick lines) and standard deviation (thin lines) for the angle of the lumbar spine in regard to (A) flexion/extension, (B) lateral bend, and (C) axial rotation. 
The low back pain group is indicated by red lines and the no low back pain group is indicated by black lines. The positive/negative values denote the extension/flexion, lateral 
bend to the kick/support-side, and axial rotation to the support-/kick-side, respectively.
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Importantly, the rotation of both hips through the kick would 
increase the ball velocity.13,22 Furthermore, the follow 
through to the maximum hip flexion would be important to 
increase the ball velocity. The COM shifted upward from BI 
to HF. In the NBP group, there was a correlation between the 
ball velocity and anterior position of COM, which indicated 
that the forward shift of COM increased the ball velocity in 
HF. However, the LBP group did not show a relationship 
between the ball velocity and anterior position of COM 
because of LBP.

Factors Associated with Low Back Pain
The parameters associated with LBP were the flexion 
angle of kick-side hip in FC. Compared with the NBP 
group, the LBP group showed a larger flexion angle of 
the kick-side hip and lesser flexion angle of the lumbar 
spine in FC. The LBP group would increase the flexion 
angle of the kick-side hip instead of inhibited lumbar spine 
motion.

Both the larger abduction angle of the kick-side hip 
and the smaller abduction angle of the support-side hip in 
HE were also extracted as parameters for the LBP. In this 
HE phase, participants abducted both hips and laterally 

bent the lumbar spine to the kick-side. From FC to BI, 
the abduction torque peaked23 and their loading response 
would peak,14,22 which could stress the lumbar spine. In 
the HE phase, the abduction angle of the kick-side hip and 
lateral bending angle of the lumbar spine were correlated 
in the NBP group only; the LBP group would inhibit the 
movement of their lumbar spine.

Medical and Athletic Implications
The movement of the kick-side hip in HE seems impor-
tant for ball velocity and LBP. Compared with the NBP 
group, the LBP group showed less extension and exter-
nal rotation angle of the kick-side hip in this HE phase. 
The LBP group showed correlations between the 
restricted extension angle of the kick-side hip and exten-
sion angle of the lumbar spine, and the restricted exter-
nal rotation angle of the kick-side hip and rotation angle 
of the lumbar spine to the support-side in HE. Compared 
with the NBP group, the LBP group showed that they 
extended and rotated their lumbar spine to compensate 
for the restricted hip motion in HE, likely stressing the 
lumbar spine. LBP can be caused by excessive lumbar 
motion relative to the hip,6 and repetition of excessive 

Table 5 The Lumbar Spine Angle of Both Groups

NBP Group LBP Group P 95% CI Cohen’s d

Mean±SD Mean ± SD Lower Upper

Flex/Ext FC −11.1±11.0 −6.0±8.0 0.039 −9.956 −0.258 0.53
TO 1.5±10.4 5.8±9.0 0.078 −9.017 0.489 0.44

HE 6.8±11.3 9.5±7.9 0.276 −7.654 2.234 0.28

KF 6.2±14.3 7.2±11.3 0.765 −7.170 5.296 0.07
BI −20.4±12.4 −21.1±11.7 0.823 −5.259 6.589 −0.06

HF −33.7±17.4 −32.5±14.1 0.767 −8.833 6.544 0.07

Lateral bend FC 9.0±5.3 8.6±5.3 0.767 −2.212 2.988 −0.07
TO −20.4±5.2 1.4±6.2 0.917 −2.695 2.993 3.82

HE 11.0±4.7 9.7±6.1 0.335 −1.349 3.898 −0.24
KF 13.2±6.2 12.2±6.3 0.497 −2.023 4.123 −0.17

BI 9.1±8.2 7.8±7.8 0.514 −2.640 5.220 −0.16

HF 4.3±7.1 7.1±9.0 0.174 −6.818 1.257 0.34

Rotation FC −3.5±6.6 −6.6±7.9 0.100 −0.594 6.624 −0.42
TO 16.6±4.7 15.2±5.2 0.234 −0.974 3.916 −0.30

HE 20.3±6.3 18.4±6.3 0.231 −1.219 4.955 −0.30

KF 9.5±6.8 7.5±5.6 0.198 −1.063 5.023 −0.32
BI −1.2±5.2 −1.7±6.3 0.737 −2.395 3.370 −0.08

HF −13.9±8.6 −12.1±9.0 0.408 −6.148 2.531 0.21

Notes: The positive/negative values denote the extension/flexion, lateral bend to the kick/support-side, and axial rotation to the support/kick-side, respectively. The 
significant and tendency of P-values were indicated by boldface type. 
Abbreviations: LBP, low back pain group; NBP, no low back pain group; FC, foot contact; TO, toe-off; HE, maximum hip extension; KF, maximum knee flexion; BI, ball 
impact; HF, maximum hip flexion; 95% CI, 95% confidence interval for difference.
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lumbar extension and rotation.7 In this investigation, 
LBP inhibited lumbar movement in HE; therefore, there 
were no differences in lumbar movements in HE. The 
hip motion relative to the lumbar spine, hip–spine coor-
dination, would be important for the prevention of LBP.

Alternatively, the NBP group has not restricted their hip 
motion relative to the lumbar spine. To increase ball velocity, 
the follow through to the maximum hip flexion with hip 
rotation would be important. The hip–spine coordination 
would be important in increasing ball velocity and preventing 
LBP. In the future, these factors should be observed long-
itudinally to predict LBP.

Limitations
The primary limitation of this study was the selected factors 
we thought would logically be related to LBP based on our 
cross-sectional observations. We did not assess the pre/post 

presence of LBP during kicking. It is necessary to observe 
the kicking motion longitudinally among adolescent soccer 
players to clarify the factors associated with LBP and devel-
opment of kicking technique. In addition, in the definition of 
LBP, we did not ask whether LBP had persisted for more than 
3 months, which is defined as chronic LBP.8 In a future study, 
defining acute or chronic LBP and clarifying the different 
implications and treatment effects are required.

Conclusions
This investigation studied the factors associated with increas-
ing ball velocity and LBP during the kicking in adolescent 
soccer players. To increase the ball velocity, soccer players 
need to rotate both hips externally in HE and kick through with 
support-side hip rotation. The factors associated with LBP 
were the flexion angle of kick-side hip in FC and abduction 
angle of both hips in HE. In the HE phase of the kick, the LBP 

Figure 4 Mean (thick lines) and standard deviation (thin lines) for the angle of both hips in regard to (A and D) flexion/extension, (B and E) abduction/adduction, and 
(C and F) axial rotation. The low back pain group is indicated by red lines and the no low back pain group is indicated by black lines. The positive/negative values denote the 
flexion/extension, adduction/abduction, and internal/external rotation, respectively. 
Abbreviations: KHip, kick-side hip; SHip, support-side hip; INT, internal rotation; EX, external rotation.
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Table 6 The Kick-Side Hip Angle of Both Groups

NBP Group LBP Group P 95% CI Cohen’s d

Mean±SD Mean ± SD lower upper

Flex/Ext FC 37.2±10.3 45.1±10.8 0.003* −13.127 −2.719 0.75
TO −6.0±6.1 −3.5±5.6 0.081* −5.416 0.327 0.43

HE −26.2±6.4 −22.4±7.3 0.032* −7.169 −0.328 0.54

KF −4.7±9.6 0.7±10.6 0.034* −10.458 −0.423 0.54
BI 14.7±9.9 19.1±10.0 0.077* −9.331 0.487 0.44

HF 50.5±13.5 52.1±13.5 0.638 −8.241 5.089 0.12

Abduction/Adduction FC 2.5±4.9 0.9±5.3 0.220 −0.960 4.102 −0.31
TO 14.7±3.8 −5.5±5.3 0.688 −2.662 1.767 −4.39

HE −17.6±6.5 −15.6±5.9 0.206 −5.001 1.100 0.31
KF −27.4±5.6 −25.8±5.1 0.209 −4.281 0.953 0.31

BI −22.5±5.2 −20.8±5.4 0.187 −4.348 0.867 0.33

HF 12.9±10.7 10.7±10.4 0.404 −3.006 7.375 −0.21

Rotation FC −14.8±8.8 −10.1±6.5 0.016* −8.398 −0.908 0.60
TO −14.1±8.5 −11.2±9.1 0.198 −7.226 1.527 0.32

HE −14.4±8.6 −10.2±8.9 0.055* −8.520 0.091 0.48

KF −1.8±11.3 2.9±12.0 0.111 −10.415 1.098 0.40
BI 5.0±8.5 5.2±11.6 0.918 −5.386 4.856 0.03

HF −9.4±11.5 −4.0±11.5 0.060* −11.069 0.242 0.47

Notes: The positive/negative values denote the flexion/extension, adduction/abduction, and internal/external rotation, respectively. * Significant and tendency of P-values. 
Abbreviations: LBP, low back pain group; NBP, no low back pain group; FC, foot contact; TO, toe-off; HE, maximum hip extension; KF, maximum knee flexion; BI, ball 
impact; HF, maximum hip flexion; 95% CI, 95% confidence interval for difference.

Table 7 The Support-Side Hip Angle of Both Groups

NBP Group LBP Group P 95% CI Cohen’s d

Mean±SD Mean±SD Lower Upper

Flex/Ext FC 11.2±13.2 10.1±13.7 0.749 −5.560 7.690 −0.08
TO 62.3±8.7 63.0±8.4 0.763 −4.853 3.574 0.07

HE 55.7±7.6 59.5±8.2 0.056* −7.729 0.101 0.48

KF 42.4±6.6 46.1±7.8 0.042* −7.318 −0.140 0.52
BI 11.1±8.3 16.0±9.3 0.029* −9.266 −0.514 0.55

HF 7.2±14.1 14.1±10.4 0.025* −12.823 −0.882 0.55

Abduction/Adduction FC −1.2±4.4 0.5±4.6 0.131 −3.913 0.520 0.38
TO 11.1±8.5 −8.6±6.5 0.608 −2.714 4.600 −2.61
HE −16.2±9.9 −17.1±5.8 0.672 −3.274 5.027 −0.11

KF −4.7±8.2 −4.9±5.1 0.884 −3.014 3.493 −0.04

BI 12.0±6.6 10.8±4.2 0.392 −1.606 4.021 −0.22
HF 8.1±10.5 7.0±8.1 0.633 −3.456 5.643 −0.12

Rotation FC −4.7±10.1 −1.3±9.1 0.162 −8.022 1.372 0.35
TO −3.6±8.7 −3.5±8.4 0.979 −4.252 4.142 0.01

HE −23.7±11.2 −21.7±11.5 0.473 −7.640 3.586 0.18

KF −22.7±9.9 −23.9±7.8 0.573 −3.084 5.526 −0.14
BI −16.0±9.5 −15.2±8.6 0.705 −5.266 3.583 0.09

HF −13.7±12.6 −12.2±12.0 0.628 −7.524 4.572 0.12

Notes: The positive/negative values denote the flexion/extension, adduction/abduction, and internal/external rotation, respectively. * Significant and tendency of P-values. 
Abbreviations: LBP, low back pain group; NBP, no low back pain group; FC, foot contact; TO, toe-off; HE, maximum hip extension; KF, maximum knee flexion; BI, ball 
impact; HF, maximum hip flexion; 95% CI, 95% confidence interval for difference.
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group could extend and rotate their lumbar spine to compen-
sate for the restricted hip motion, which likely put stress on 
their lumbar spine region and increased ball velocity with hip– 
spine incoordination. Based on these results, hip–spine coor-
dination during kicking is important to increase ball velocity 
and prevent LBP.
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