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Background: Differences in the physical characteristics of bilateral and unilateral lumbar bone stress injuries (BSIs) are unknown.

Purpose: To compare bilateral and unilateral lumbar BSIs in adolescent male soccer players, with a focus on lumbopelvic
alignment.

Study Design: Cross-sectional study; Level of evidence, 3.

Methods: A total of 78 players (age range, 12-15 years) from a local soccer club who had magnetic resonance imaging (MRI)
evaluations were included in the study. Lumbopelvic alignment and lumbar BSI were evaluated using short-tau inversion recovery
and 3-dimensional LAVA on 3-T MRI; lumbar BSI was defined as the presence of bone marrow edema and/or the complete and
incomplete fracture in the pars region on the MRI. Pelvic tilt (PT) and pelvic outflare angles were assessed on the kicking and
pivoting sides, and asymmetry for each parameter was calculated by subtracting the kicking side from the pivoting side. In addi-
tion, the lumbar lordosis (LL), sacral slope (SS), and SS relative to LL (calculated by subtracting LL from the SS) were assessed.
One-way analysis of variance was performed to compare lumbopelvic alignment in players with bilateral BSI, unilateral BSI, or no
abnormal findings (controls).

Results: No significant differences were found regarding lumbopelvic alignment between the players with bilateral versus unilat-
eral lumbar BSI. PT asymmetry was significantly greater in both players with bilateral lumbar BSI and unilateral lumbar BSI com-
pared with controls (P = .018 and P = .016, respectively). In addition, SS relative to LL was significantly greater in players with
bilateral lumbar BSI compared with controls (P \ .001).

Conclusion: Although there were no significant lumbopelvic alignment differences between bilateral and unilateral BSI, players
with bilateral BSI exhibited increased sacral anterior tilt relative to the LL, and the pelvis was more posterior on the pivoting side
than on the kicking side in both players with bilateral BSI and unilateral BSI. Our results suggest that lumbopelvic alignment
assessment may contribute to the management strategy for players with lumbar BSI and to the identification of players at
high risk of lumbar BSI.
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Lumbar spondylolysis often occurs in adolescent athletes22

and has been characterized as bilateral or unilateral bony
defects in the pars interarticularis of the lumbar vertebrae
due to chronic microtrauma or repetitive loading.13 Sakai
et al22 reported a 5.9% incidence of lumbar spondylolysis
in the Japanese population; however, adolescent athletes
had a higher incidence of lumbar bone stress injury (BSI).
The incidence of lumbar BSI, which is considered an early
stage of lumbar spondylolysis, is approximately 25% in
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adolescent athletes.9,27 Previous studies also showed that
lumbar BSI is a high-risk, time-loss injury in adolescent soc-
cer players.2,29 Therefore, identifying factors that contribute
to lumbar spondylolysis and BSI is essential for preventing
these injuries during adolescence. Matsuzawa et al16 dem-
onstrated that the angle of the fracture line of spondylolysis
on the horizontal plane (ie, spondylolysis fracture angle)
was smaller in bilateral lumbar spondylolysis compared
with unilateral lumbar spondylolysis, suggesting that stress
is applied differently depending on the pathogenic side.
Since unilateral spondylolysis can progress to bilateral
onset,20 the differences in physical characteristics between
bilateral and unilateral spondylolysis need to be clarified.

The onset of lumbar spondylolysis has been reported to
be associated with factors such as high workload, immaturity
of the lumbar vertebrae, and physical characteristics—
including lower limb muscle tightness and lumbosacral
malalignment.11,27 Among these, there have been several
reports that focus on the potential malalignment of the lum-
bar spine and the pelvis (ie, lumbopelvic malalignment),
given that the pathogenesis of lumbar spondylolysis and
BSI is influenced by the mechanical load on the lumbar
pars. Patients with lumbar spondylolysis have greater lum-
bar lordosis (LL)3,4,7,30 and greater sacral anterior tilt.5 In
addition, Tsutsui et al27 showed that increased SS relative
to LL is a risk factor for bilateral lumbar BSI. These findings
suggest that consistent compression stress to the lower lum-
bar spine on the sagittal plane may be associated with lum-
bar spondylolysis and BSI. Sairyo19 reported that the stress
on the pars interarticularis was higher during extension and
axial rotation than flexion and bending of the lumbar spine
using a 3-dimensional finite element model. In addition, an
in vivo study revealed that lumbar spine rotation with pelvic
oblique conditions increased lumbar facet load.18 Based on
the mechanism of stress to the lumbar pars interarticularis,
physical factors of pelvic alignment other than the sagittal
plane potentially increase stress.

This study aimed to identify the difference in lumbopel-
vic alignment between bilateral and unilateral lumbar BSI
in adolescent male soccer players. We hypothesized that
lumbopelvic side-to-side asymmetry would contribute to
differences between unilateral and bilateral BSI.

METHODS

Participants

Japanese adolescent male soccer players at a single soccer
club in Tokyo, Japan, were recruited for this study. A total

of 80 male soccer players were initially enrolled in the
study in October 2022, and data from 78 players who
were able to undergo magnetic resonance imaging (MRI)
evaluations were analyzed (mean 6 SD age, 13.7 6 0.9
years; range, 12-15 years). The soccer club was part of
a local recreational league, and the participants attended
regular soccer training for about 2 hours a day 5 times
a week after school and on weekends. The characteristics
of the participants are summarized in Table 1. All players
were verified through a questionnaire and a direct inter-
view with an orthopaedic surgeon (S.To.) to be free from
injuries or illnesses that may affect physical growth or
physical activity. In addition, we evaluated the age at
peak height velocity, an established indicator of the puber-
tal growth spurt, using the AUXAL3.1 program (Scientific
Software International), based on height records from 6
years of age to the time of height measurement in this
study. Parents were asked to provide annual data on their
children’s heights, which nurses or elementary school teach-
ers measured. All measurements were performed at Waseda
University. Our ethics committee approved the study proto-
col, and the participants and their parents provided signed
informed consent before participation.

MRI and Image Acquisition

Lumbopelvic alignment and lumbar BSI were determined
using 2 imaging modes, short-tau inversion recovery
(STIR) and 3-dimensional (3D) LAVA, with a 3-T MRI
scanner (SIGNA Premier; GE Healthcare). STIR scanning
parameters were as follows: repetition time/echo time =
1800/minimum (60) ms; slice thickness = 2 mm; field of
view = 24 cm; matrix = 320 3 224 pixels; TI = 150 ms.
The lumbar spine, including the lumbosacral vertebrae,
was scanned using 3D LAVA with the following parame-
ters: repetition time/echo time = 4.5/2.1 ms; slice thickness
= 0.80 mm; field of view = 24 cm; matrix = 384 3 384 pix-
els. The participant was in the supine position during scan-
ning, with the ankle at 90� of dorsiflexion and the knee in
extension using a fixture.

TABLE 1
Participant Characteristics

Variables Mean 6 SD

Age, y 13.7 6 0.9
Height, cm 162.3 6 9
Weight, kg 51.9 6 9.9
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Lumbopelvic Alignment Evaluation

Lumbopelvic alignment was analyzed using an MRI taken
in the 3D LAVA mode. First, the LL angle (between the
superior endplate of L1 and the inferior endplate of L5)
and the sacral slope (SS) angle (between the superior end-
plate of S1 and the horizontal line) were calculated.27 The
axis on the coronal plane was set to pass through both points,
centered at the intersection of the diagonals of L1 and L5
(Figure 1A). Next, the pelvic tilt (PT) and pelvic outflare
(POF) angles were evaluated. The PT angle between the
line connecting the anterior superior iliac spine (ASIS) and
the posterior superior iliac spine (PSIS), the horizontal line
on the sagittal image (Figure 1B), the POF angle between
the line connecting the ASIS and PSIS, and the line between
a white line of the rectus abdominis and the sacral median
ridge on the axial image (Figure 1C) were calculated. The
ASIS and PSIS were defined as the most anterior and poste-
rior points of the pelvis on the coronal plane (Figure 1, B and
C). In addition, the PT and POF angles were evaluated based
on players’ shooting legs when playing soccer and categorized
on the kicking and pivoting sides, respectively. This classifica-
tion was based on the participants’ answers to a questionnaire
regarding their dominant kicking side for shooting during
regular play. To clarify the asymmetry of lumbopelvic align-
ment, the asymmetry was calculated for the PT and POF
angles by subtracting the values from the pivoting and kick-
ing sides, respectively.17,24 To assess the balance of the lum-
bar curve, SS relative to LL was calculated by subtracting
the LL from the SS, as described in a previous study.27 All
analyses were performed by a single examiner (T.T.) using
image-processing software (Osirix MD; Pixmeo), and the
intraclass correlation coefficient (1,1) measured 3 times each
for 5 participants was 0.88 (95% CI, 0.85-0.92) and 0.94
(95% CI, 0.90-0.97) for the PT and POF, respectively.

Lumbar BSI

Lumbar BSI was diagnosed based on the MRI findings. An
orthopaedic surgeon (Su.T.) with .40 years of experience

assessed the lumbar MRI using STIR and 3D LAVA modes
in the axial and sagittal plane views according to the pars.
In particular, the STIR image was evaluated for the pres-
ence of bone marrow edema (BME) in the pars region (Fig-
ure 2C) in accordance with previous studies.6,10,21,24 The
3D LAVA mode was used to determine the complete (Fig-
ure 2A) and incomplete (Figure 2B) fracture based on the
discontinuities of the lumbar pars interarticularis, which
are difficult to detect with STIR mode. Lumbar BSI was
defined as positive if the participant had either BME on
STIR images or a complete or incomplete fracture in the
3D LAVA mode.1,26 The BSI side from L1 to L5 was
recorded (bilateral or unilateral). In addition, the unilateral
lumbar BSI was classified according to the kicking and piv-
oting sides based on the main leg used during soccer shoot-
ing. A third party determined lumbar BSI in an anonymized
setting to ensure that the results were blinded.

The same orthopaedic surgeon also detected and
recorded the presence/absence of low back pain using the
lumbar stress test—including extension and bilateral
Kemp test.21,24,27 The Kemp test involves lateral flexion
and extension of the trunk while standing upright on
both legs to confirm low back pain in this maneuver.

Statistical Analysis

A statistical power analysis was conducted for sample size
estimation. According to a previous study,27 the estimated
intragroup standard deviation of the SS relative to the LL
was 3�, and the calculated difference between the lumbar
BSI and the control group was .3�. This study required
.8 players with lumbar BSI to achieve a power of 80%
and an alpha of .05.

All data were analyzed using SPSS Statistics Version 28
(IBM). Age, height, weight, LL, SS, PT, and POF were
expressed as means and standard deviations for bilateral
and unilateral lumbar BSI and controls, and normal distri-
butions were confirmed. One-way analysis of variance was
performed to compare parameters for bilateral BSI,

Figure 1. Analysis of lumbopelvic alignment: (A) the lumbar lordosis and sacral slope, (B) the pelvic tilt, and (C) the pelvic outflare.
ASIS, anterior superior iliac spine; PSIS, posterior superior iliac spine.
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unilateral BSI, and controls. Post hoc tests were performed
using the Tukey method. The significance level was set at
P \ .05.

RESULTS

Of the 78 participants, 18 had bilateral lumbar BSI at L5, 8
had unilateral lumbar BSI at L5 on the pivoting side, and
52 players had no abnormal imaging findings and were

categorized into the control group. In addition, 12 (66.7%)
players with bilateral lumbar BSI, 5 (62.5%) with unilat-
eral lumbar BSI, and 9 (17.3%) controls had lumbar exten-
sion pain. No participants had a unilateral lumbar BSI at
L5 on the kicking side. Two participants had bilateral lum-
bar BSI at L4 and L5 (Figure 3).

Table 2 compares the patient characteristics of players
with bilateral and unilateral lumbar BSI versus the control
group. Figure 4 shows the relationships between SS rela-
tive to LL and the PT and POF. There were no significant
differences between the bilateral and unilateral lumbar
BSI in any of the variables. Meanwhile, PT asymmetry
was significantly greater in the bilateral and unilateral
injuries compared with PT in the control group (P = .018
and P = .016). In addition, SS relative to LL was signifi-
cantly greater in players with bilateral lumbar BSI com-
pared with the control group (P \ .001).

DISCUSSION

This study was conducted to elucidate the differences in
lumbopelvic alignment between bilateral and unilateral
lumbar BSI in adolescent male soccer players. We found
no difference in lumbopelvic alignment between players
with bilateral BSI and unilateral BSI. However, when com-
pared with the control group, the players with bilateral
BSI exhibited sacral anterior tilt relative to the LL and
the pelvis, and both the bilateral and unilateral BSI play-
ers had a more posterior tilt of the pelvis on the kicking
side compared with the pivoting side. Based on our find-
ings, it may be useful for clinicians to include lumbopelvic
alignment assessment as part of their routine evaluation of
adolescent players, particularly those with BSI and a high
risk for lumbar BSI.

Figure 2. Types of lumbar BSI. The images in the top row
show the horizontal plane, and images in the bottom row
show the sagittal plane. The arrows in the images indicate
positive signs. (A) In a complete fracture, the lumbar pars
interarticularis has a full discontinuity. (B) In an incomplete
fracture, the lumbar pars interarticularis has a partial discon-
tinuity. (C) With bone marrow edema, the lumbar pars inter-
articularis shows stress reactions. BSI, bone stress injury.

TABLE 2
Comparison of Basic Characteristics and Lumbopelvic Alignment in the Bilateral

and Unilateral BSI Groups Versus Controlsa

Characteristic Bilateral BSI (n = 18) Unilateral BSI (n = 8) Controls (n = 52)

Age, y 13.9 6 0.9 13.9 6 1 13.6 6 0.9
Height, cm 161.9 6 0.9 162.2 6 8.3 162.1 6 9.8
Weight, kg 52 6 12.6 51.3 6 6.4 51.7 6 9.7
APHV, y 13.2 6 0.9 13.3 6 1 13.3 6 0.8
Pelvic tilt, deg

Kicking side 3.7 6 3.9 4.7 6 3.3 2.3 6 4.1
Pivoting side 0.7 6 4.2 0.8 6 3.9 1.3 6 4.1
Asymmetry 23 6 2.2b 23.8 6 1.3b 20.9 6 3.1

Pelvic outflare, deg
Kicking side 34.3 6 4.4 33.4 6 4.2 35 6 5
Pivoting side 33.5 6 5.1 32.6 6 5.2 33.1 6 4.3
Asymmetry 0.8 6 5.3 0.8 6 3.2 1.8 6 4.1

LL, deg 27.7 6 7.3 29.8 6 4.7 28.4 6 5.6
SS, deg 34.6 6 6.1 35.1 6 4.5 32 6 5.8
SS relative to LL, deg 6.9 6 3.3b 5.3 6 2.7 3.6 6 2.6

aValues are expressed as mean 6 SD. APHV, age at peak height velocity; BSI, bone stress injury; LL, lumbar lordosis; SS, sacral slope.
bSignificant differences compared with the control group (P \ .05).
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Side of Lumbar BSI Prevalence

Few studies have attempted to detect lumbar spondylolysis
and/or lumbar BSI using MRI in a cohort of athletes. We
identified 26 adolescent soccer players (33.3%) with lumbar
BSI. Previous studies9,27 have shown that the incidence of
lumbar BSI in adolescent athletes was approximately 25%.
In the present study, we used 3-T MRI to detect both BME
and the complete and incomplete fracture in the pars region
using 3D BONE LAVA mode.1 The higher prevalence of
lumbar BSI in our study may be due to the ability to identify
the BSI pathologies of the pars interarticularis in the lum-
bar vertebrae, which includes BME and stress fracture,28

as well as our targeting of athletes within a single club. In
addition, lumbar BSIs are usually bilateral,27 and unilateral

spondylolysis is more likely to occur on the nondominant
side.19 Bilateral lumbar BSIs occurred in 18 (69.2%) players
in our study, and unilateral lumbar BSIs only occurred on
the contralateral side of the kicking leg. Thus, the specific
repetitive rotational direction—including the soccer kicking
motion—may cause side-to-side differences in mechanical
stress on the lumbar pars regions.

Group Differences in Lumbopelvic Alignment

Our results showed that the SS relative to LL value was
greater in the bilateral lumbar BSI group compared with
the control group. Previous studies focusing on the rela-
tionship between lumbosacral alignment and lumbar

Figure 3. A flowchart of bilateral and unilateral BSI and the control group classification. BME, bone marrow edema; BSI, bone
stress injury; MRI, magnetic resonance imaging.

Figure 4. Relationship between SS relative to LL and (A) asymmetric PT and (B) POF. LL, lumbar lordosis; POF, pelvic outflare;
PT, pelvic tilt; SS, sacral slope.
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spondylolysis and BSI found that greater LL9-12 and SS13

values were associated with these conditions. Prospective
cohort studies also showed that the odds ratio for the inci-
dence of lumbar BSI increased approximately 4 times for
an SS �5� relative to the LL.3 This finding suggests an
increase in consistent compressive stress between L5 and
S1. Both the bilateral and unilateral lumbar BSI groups
in the present study had an SS relative to the LL .5�, sug-
gesting that this measurement may be an indicator of
increased stress in the sagittal plane, independent of the
side of prevalence. Therefore, checking the balance of the
sacral anteversion against the LL would be important to
potentially minimize stress on the pars, which is the path-
ogenic mechanism of lumbar spondylolysis and BSI, and it
would also contribute to prevention strategies for players
at high risk of lumbar BSI and to treatment management
and recurrence prevention for players with lumbar BSI.

PT asymmetry was greater in players with bilateral and
unilateral lumbar BSI compared with asymmetry in play-
ers with no BSI. Interestingly, in players with bilateral
and unilateral BSI, the pelvis tilted more posteriorly on
the pivoting side than on the kicking side. Since the pelvis
on the pivoting side tilts backward during ball contact in
soccer kicking,14 the repetition of the kicking motion may
cause PT asymmetry. A positive correlation has been
reported between the anterior PT and the hip extension
range of motion during running.23 The increased posterior
tilt of the pelvis on the prevalent side may lead to limited
mobility of anterior PT and hip extension, resulting in
excessive load on the lumbar pars in the direction of the
lumbar extension during running and soccer kicking
motions. Given that hamstring tightness, which contrib-
utes to lumbar spondylolysis and BSI,12,27 causes the pel-
vis to tilt backward, the clinician should check and
improve both hamstring tightness and PT asymmetry. In
addition, Sairyo et al20 reported that unilateral spondylol-
ysis may lead to bilateral spondylolysis. Tatsumura et al25

also speculated that unilateral lumbar spondylolysis may
increase stress on the contralateral pars. Thus, clinical eval-
uation for unilateral BSI, which exhibits the most PT asym-
metry, may be valuable in preventing the transition from
unilateral to bilateral lumbar spondylolysis and/or BSI.

We did not detect any differences in POF between the
groups. Surprisingly, the POF on the kicking side was
greater in the controls, despite being only 2�. We speculate
that this difference may be related to repetitive motions,
such as inside kicks, that externally rotate the pelvis and
hip joints. If a high POF on the kicking side is normal for
soccer players, the POF on the kicking side of the preva-
lence group may be relatively smaller. Further investiga-
tions focusing on injuries other than lumbar injuries are
needed.

Limitations

Our study has several limitations. First, this was a cross-
sectional study. Thus, we could not determine a causal
relationship between lumbopelvic alignment and lumbar
spondylolysis and/or BSI incidence. However, according

to the current findings, it is considered that pelvic align-
ment asymmetry could serve as a potential risk factor for
lumbar BSI. Therefore, more attention would need to be
directed toward assessing muscle tightness and strength,
as these factors could mediate the pelvic alignment asym-
metry. Second, an MRI was performed in the supine posi-
tion, which differed from the actual sports activity.
Although we eliminated the influence of lower limb joint
angles as much as possible by fixing the ankle and knee
during MRI, it was considered that lumbopelvic alignment
may be altered depending on the posture. Previous studies
have shown that lumbar lordosis and sacral tilt were
increased when assessed in the standing rather than
supine position,8,15 while the PT was decreased.8 Thus,
clinicians could utilize our findings, taking into account
the characteristics of lumbopelvic alignment caused by dif-
ferent postures. Finally, this study did not examine each
player’s practice or game workload. A higher percentage
of days in training and a shorter break have been reported
to be associated with lumbar BSI.11 This is probably a lim-
itation of this study, although it is assumed that there are
few differences between players because the players in this
study belonged to the same club.

CONCLUSION

The study findings indicated no differences in lumbopelvic
alignment between adolescent male soccer players with
bilateral and unilateral BSI. Nevertheless, compared
with controls, players with bilateral BSI exhibited anterior
sacral tilt relative to the LL. In addition, in both players
with bilateral BSI and unilateral BSI, the pelvis was
more posterior on the pivoting side than on the kicking
side. Our results suggest that lumbopelvic alignment
assessment may contribute to the management strategy
for players with lumbar BSI as well as the identification
of players at high risk of lumbar BSI.

ACKNOWLEDGMENT

The authors sincerely thank the players who participated
in this study. We also thank Nao Shinoda, the head coach
of the junior soccer team in Tokyo and Kyoji Ohta, the
technical support in MR measurements.

REFERENCES

1. Ang EC, Robertson AF, Malara FA, et al. Diagnostic accuracy of 3-T

magnetic resonance imaging with 3D T1 VIBE versus computer

tomography in pars stress fracture of the lumbar spine. Skeletal

Radiol. 2016;45(11):1533-1540.

2. Blanch P, Orchard J, Kountouris A, Sims K, Beakley D. Different tis-

sue type categories of overuse injuries to cricket fast bowlers have

different severity and incidence which varies with age. South Afr J

Sports Med. 2015;27(4):108-113.

3. Chung SB, Lee S, Kim H, Lee SH, Kim ES, Eoh W. Significance of

interfacet distance, facet joint orientation, and lumbar lordosis in

spondylolysis. Clin Anat. 2012;25(3):391-397.

6 Tsutsui et al The Orthopaedic Journal of Sports Medicine



4. French Spine Society (SFCR), Ferrero E, Ould-Slimane M, Gille O,

Guigui P. Sagittal spinopelvic alignment in 654 degenerative spondy-

lolisthesis. Eur Spine J. 2015;24(6):1219-1227.

5. Hanke LF, Tuakli-Wosornu YA, Harrison JR, Moley PJ. The relation-

ship between sacral slope and symptomatic isthmic spondylolysis

in a cohort of high school athletes: a retrospective analysis. PM&R.

2018;10(5):501-506.

6. Hollenberg GM, Beattie PF, Meyers SP, Weinberg EP, Adams MJ.

Stress reactions of the lumbar pars interarticularis: the development

of a new MRI classification system. Spine. 2002;27(2):181-186.

7. Jacobsen S, Sonne-Holm S, Rovsing H, Monrad H, Gebuhr P.

Degenerative lumbar spondylolisthesis: an epidemiological perspec-

tive: the Copenhagen Osteoarthritis Study. Spine. 2007;32(1):120-125.

8. Karabag H, Iplikcioglu AC, Dusak A, Karayol SS. Pelvic incidence

measurement with supine magnetic resonance imaging: a validity

and reliability study. Clin Neurol Neurosurg. 2022;222:107424.

9. Keylock L, Alway P, Felton P, et al. Lumbar bone stress injuries and

risk factors in adolescent cricket fast bowlers. J Sports Sci. Pub-

lished online May 28, 2022. 2022;40(12):1336-1342. doi: 10.1080/

02640414.2022.2080161

10. Kobayashi A, Kobayashi T, Kato K, Higuchi H, Takagishi K. Diagnosis

of radiographically occult lumbar spondylolysis in young athletes by

magnetic resonance imaging. Am J Sports Med. 2013;41(1):169-176.

11. Kountouris A, Sims K, Beakley D, et al. MRI bone marrow oedema

precedes lumbar bone stress injury diagnosis in junior elite cricket

fast bowlers. Br J Sports Med. 2019;53(19):1236-1239.

12. Kujala UM, Taimela S, Oksanen A, Salminen JJ. Lumbar mobility and

low back pain during adolescence: a longitudinal three-year follow-up

study in athletes and controls. Am J Sports Med. 1997;25(3):363-368.

13. Leone A, Cianfoni A, Cerase A, Magarelli N, Bonomo L. Lumbar

spondylolysis: a review. Skeletal Radiol. 2011;40(6):683-700.

14. Levanon J, Dapena J. Comparison of the kinematics of the full-instep

and pass kicks in soccer: Med Sci Sports Exerc. 1998;30(6):917-927.

15. Madsen R, Jensen TS, Pope M, Sørensen JS, Bendix T. The effect of

body position and axial load on spinal canal morphology: an MRI

study of central spinal stenosis. Spine. 2008;33(1):61-67.

16. Matsuzawa K, Matsui T, Azuma Y, et al. Comparison of alignment

and spondylolysis fracture angle in bilateral and unilateral spondylol-

ysis. Abdelbasset WK, ed. PLOS ONE. 2022;17(10):e0276337.

17. McCulloch PC, Patel JK, Ramkumar PN, Noble PC, Lintner DM.

Asymmetric hip rotation in professional baseball pitchers. Orthop J

Sports Med. 2014;2(2):232596711452157.

18. Popovich JM, Welcher JB, Hedman TP, et al. Lumbar facet joint and

intervertebral disc loading during simulated pelvic obliquity. Spine J.

2013;13(11):1581-1589.

19. Sairyo K. Spondylolysis fracture angle in children and adolescents on

CT indicates the facture producing force vector: a biomechanical

rationale. Internet J Spine Surg. 1(2):1-6.

20. Sairyo K, Katoh S, Sasa T, et al. Athletes with unilateral spondylolysis

are at risk of stress fracture at the contralateral pedicle and pars

interarticularis: a clinical and biomechanical study. Am J Sports

Med. 2005;33(4):583-590.

21. Sairyo K, Katoh S, Takata Y, et al. MRI signal changes of the pedicle

as an indicator for early diagnosis of spondylolysis in children and

adolescents: a clinical and biomechanical study. Spine. 2006;

31(2):206-211.

22. Sakai T, Sairyo K, Suzue N, Kosaka H, Yasui N. Incidence and etiol-

ogy of lumbar spondylolysis: review of the literature. J Orthop Sci.

2010;15(3):281-288.

23. Schache AG. Relation of anterior pelvic tilt during running to clinical

and kinematic measures of hip extension. Br J Sports Med.

2000;34(4):279-283.

24. Takei S, Torii S, Taketomi S, et al. Is increased kicking leg iliopsoas

muscle tightness a predictive factor for developing spondylolysis in

adolescent male soccer players? Clin J Sport Med. 2022;

32(2):e165-e171.

25. Tatsumura M, Gamada H, Okuwaki S, et al. Factors associated with

failure of bony union after conservative treatment of acute cases of

unilateral lumbar spondylolysis. BMC Musculoskelet Disord. 2021;

22(1):75.

26. Tsuchiya K, Gomyo M, Katase S, Hiraoka S, Tateishi H. Magnetic

resonance bone imaging: applications to vertebral lesions. Jpn J

Radiol. Published online May 20, 2023. 2023;41(11):1173-1185. doi:

10.1007/s11604-023-01449-4

27. Tsutsui T, Iizuka S, Takei S, Maemichi T, Torii S. Risk factors for

symptomatic bilateral lumbar bone stress injury in adolescent soccer

players: a prospective cohort study. Am J Sports Med. 2023;

51(3):707-714.

28. Warden SJ, Davis IS, Fredericson M. Management and prevention of

bone stress injuries in long-distance runners. J Orthop Sports Phys

Ther. 2014;44(10):749-765.

29. Wik EH, Lolli L, Chamari K, et al. Injury patterns differ with age in male

youth football: a four-season prospective study of 1111 time-loss

injuries in an elite national academy. Br J Sports Med. 2021;

55(14):794-800.

30. Wren TAL, Ponrartana S, Aggabao PC, Poorghasamians E, Skaggs

DL, Gilsanz V. Increased lumbar lordosis and smaller vertebral

cross-sectional area are associated with spondylolysis. Spine.

2018;43(12):833-838.

The Orthopaedic Journal of Sports Medicine Lumbopelvic Alignment and Lumbar Bone Stress Injury 7


