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Background: Spondylolysis and undiagnosed mechanical low back pain (UMLBP) are the main causes of low back pain (LBP) in
adolescent athletes. No studies have evaluated the difference in clinical and radiographic factors between these 2 conditions.
Furthermore, it remains unclear which adolescent athletes with LBP should undergo advanced imaging examination for
spondylolysis.

Purpose: To compare the clinical and radiographic factors of adolescent athletes with spondylolysis and UMLBP who did not have
neurological symptoms or findings before magnetic resonance imaging (MRI) evaluation and to determine the predictors of
spondylolysis findings on MRI.

Study Design: Cohort study, Level of evidence, 3.

Methods: The study population included 122 adolescent athletes aged 11 to 18 years who had LBP without neurological
symptoms or findings and who underwent MRI. Of these participants, 75 were ultimately diagnosed with spondylolysis, and 47
were diagnosed with UMLBP. Clinical factors and the following radiographic parameters were compared between the 2 groups:
spina bifida occulta, lumbar lordosis (LL) angle, and the ratio of the interfacet distance of L1 to that of L5 (L1:L5 ratio, %). A logistic
regression analysis was performed to evaluate independent predictors of spondylolysis on MRI scans.

Results: Significantly more athletes with spondylolysis were male (82.7% vs 48.9%; P< .001), had a greater LL angle (22.8� ± 8.1�

vs 19.3� ± 8.5�; P ¼ .02), and had a higher L1:L5 ratio (67.4% ± 6.3% vs 63.4% ± 6.6%; P ¼ .001) versus athletes with UMLBP. A
multivariate analysis revealed that male sex (odds ratio [OR], 4.66; P < .001) and an L1:L5 ratio of >65% (OR, 3.48; P ¼ .003) were
independent predictors of positive findings of spondylolysis on MRI scans.

Conclusion: The study findings indicated that sex and the L1:L5 ratio are important indicators for whether to perform MRI as an
advanced imaging examination for adolescent athletes with LBP who have no neurological symptoms and findings.
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Low back pain (LBP) is a common symptom in adolescent
athletes.13,18,28 Undiagnosed mechanical low back pain
(UMLBP), mechanical low back pain without an organic
cause, spondylolysis, and discogenic back pain have been
reported as the main causes of LBP in young athletes.18,27

Micheli and Wood27 reported that spondylolysis was the
most common cause of diagnosable LBP, accounting for
47% of cases of LBP in young athletes. Discogenic back pain
was less common in adolescent athletes compared with
adults,27,28 and discogenic back pain is not generally sus-
pected in adolescent athletes without neurological symp-
toms or findings. Therefore, UMLBP and spondylolysis

would be 2 of the most common causes of LBP in adolescent
athletes with LBP who do not have neurological symptoms
or findings.

Some studies have proposed diagnostic algorithms for
LBP to limit the number of imaging studies without miss-
ing the specific diagnoses.2,6,10 Plain radiography is inex-
pensive and provides a low dose of radiation exposure to the
patient. However, it is less sensitive and specific than are
advanced imaging examinations.6,10 Some authors discour-
age the routine use of 4 views (anteroposterior [AP], lateral,
and right and left oblique) because this provides no superi-
ority to 2 views (AP and lateral) and imposes a greater dose
of radiation.3,13 Therefore, when physical examination and
plain radiography of the lumbar spine cannot identify
organic causes of LBP, advanced imaging options, includ-
ing computed tomography (CT), single photon emission
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computed tomography (SPECT), and magnetic resonance
imaging (MRI), are considered. It has been demonstrated
that MRI has high diagnostic performance for spondylolysis
without radiation exposure and is useful for detecting early
stage spondylolysis.9,32 Short tau inversion recovery MRI is
especially useful for the accurate diagnosis of spondylolysis
in both adult and adolescent athletes.33,46,47

In cases of young athletes with LBP who have neurolog-
ical symptoms and findings, clinicians usually perform
MRI as an advanced imaging examination to detect the
organic causes of LBP, such as lumbar herniation. How-
ever, in young athletes with LBP who do not have neuro-
logical symptoms and findings, clinicians may wonder
whether to perform advanced imaging examinations
because of the lack of a definitive algorithm for such exam-
inations to evaluate LBP in young athletes.20,41 To the
best of our knowledge, no study has analyzed the predic-
tors of findings of spondylolysis on MRI scans in adoles-
cent athletes with LBP. It remains unclear which
adolescent athletes with LBP should undergo MRI when
clinicians suspect spondylolysis.

The purpose of this study was to evaluate (1) differences
in clinical factors and radiographic findings between ado-
lescent athletes with spondylolysis and UMLBP who pre-
sented with LBP without neurological findings and
symptoms and (2) the predictors of findings of spondylolysis
on MRI scans. We hypothesized that some radiographic
parameters, such as the ratio of the interfacet distance of
the L1 vertebra to that of the L5 vertebra (L1:L5 ratio),
would be significant indicators of findings of spondylolysis
when performing MRI for adolescent athletes with LBP.

METHODS

This retrospective study was approved by our institutional
review board, and all procedures were in accordance with
the ethical standards of the responsible committee on
human experimentation (institutional and national) and
with the Declaration of Helsinki as revised in 2000. First,
we reviewed the medical records of adolescent athletes
(age, 11-18 years) who had LBP of undiagnosed origin and
underwent MRI as advanced imaging to evaluate LBP in
our hospital between January 1, 2017, and January 1, 2019.
Thereafter, we identified adolescent athletes who did not
have neurological symptoms and findings before they
underwent MRI. Among those adolescent athletes who pre-
sented with LBP without neurological symptoms and

findings, those who were finally diagnosed with spondylol-
ysis or UMLBP were retrospectively reviewed. Adolescent
athletes with a previous history of spondylolysis were
excluded from this study.

All included individuals had extension-related LBP on
physical examination and undertook plain radiography of
the lumbar spine in 4 views (AP, lateral, and right and left
oblique). The participants stood upright with their arms
folded across their chest while the radiographs were taken,
and the radiographic beam was centered on the L3 vertebra.

When physical examination and plain radiography could
not identify the organic causes of LBP, MRI was performed
as an advanced imaging examination. Patients were diag-
nosed with spondylolysis when high-signal intensity lesions
at the pars interarticularis were detected on short tau inver-
sion recovery MRI scans.7,11 Patients were diagnosed with
UMLBP when the organic cause of LBP could not be identi-
fied after MRI scans. MRI scans were evaluated by an expe-
rienced radiologist (H.S.) who was a specialist in sports
medicine and who was not involved in either the treatment
of the included patients or the collection of medical records.

MRI was performed with the patients in the supine
position with extended legs and without the use of gen-
eral anesthesia or contrast enhancement. Participants
were examined using a research-dedicated 1.5-T whole-
body MRI scanner (Vantage; Canon Medical Systems)
with a standard spine coil. T2-weighted fast spin echo
scans were taken using spectral adiabatic inversion
recovery fat suppression technique with an echo time
of 60 milliseconds, a repetition time of 4000 to 6000
milliseconds, a flip angle of 90�, a slice thickness/gap of
4.0/0.8 mm, a field of view of 30 � 30 cm2, and a matrix
size of 256 � 256.

Clinical factors and patient characteristics including sex,
age, height, body mass index, type of sports activity, and
interval from onset of LBP to MRI were evaluated by means
of a chart review. Regarding radiographic indicators, sev-
eral studies have reported that the presence of spina bifida
occulta (SBO)21,36 and a greater lumbar lordosis (LL)
angle5,14 are risk factors for the development of spondylol-
ysis. It has also been reported that patients with spondy-
lolysis have a smaller caudal increase in the lumbar
transverse interfacet distance compared with healthy indi-
viduals.45,48 Therefore, in the present study, radiographic
findings included the presence of SBO, the LL angle, and
the L1:L5 ratio.

The presence of SBO was evaluated on the AP view of the
lumbar spine. The LL angle was measured using the Cobb
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angle; the lordotic angle was measured between the inferior
endplate of the L5 and the superior endplate of the L1 in the
lateral view following the method of Polly et al.29 The L1:L5
ratio (%) was evaluated as the interfacet distance of the L1
vertebra and that of the L5 vertebra as measured on AP
radiograph45 (Figure 1).

The LL angle and L1:L5 ratio were measured using a
standard digital caliper (X viewer; Yokogawa). Radio-
graphic findings were evaluated by 2 experienced orthopae-
dic surgeons (N.Y. and Y.M.) who were not involved in the
treatment of the included patients or the collection of med-
ical records. The mean value of the 2 examiners was
accepted regarding the LL angle and the L1:L5 ratio. In the
case of disagreement between the examiners regarding the
presence of SBO, a third senior orthopaedic surgeon (T.Y.)
resolved the discrepancy.

Statistical Analysis

All statistical analyses were performed using SPSS software
(Version 21.0; IBM Corp). The threshold of significance was
set at P < .05. The Shapiro-Wilk method was used to test
whether the data were normally distributed. To compare
young athletes with spondylolysis and those with UMLBP,
the chi-square test or Fisher exact test was carried out for
categorical variables. Student t tests were performed for con-
tinuous variables when the data showed a normal distribu-
tion; otherwise the Mann-Whitney U test was performed.
For selected variables with significance of P < .05, odds
ratios and 95% CIs were calculated.

Intraclass correlation coefficients (ICCs) were calculated
to assess the interrater reliability of the 3 radiographic
parameters; the Cohen kappa coefficient (k) was calculated
for the assessment of the presence of SBO. Intraclass

correlation coefficients were rated according to Landis clas-
sification (slight, 0.0-0.20; fair, 0.21-0.40; moderate, 0.41-
0.60; substantial, 0.61-0.80; almost perfect, 0.81-1.00).19

A univariate analysis was performed for each variable to
determine which to include in the multivariate analysis.
Evaluated variables included patient demographic factors
and clinical factors: sex, age (<15 years, 15-18 years), type
of sports activity, and interval from the onset of LBP to MRI
(<2 weeks, 2-4 weeks, >4 weeks), as well as radiographic
variables including the presence of SBO, LL angle (<20�,
20-25�, >25�), and L1:L5 ratio (<60%, 60-65%, >65%). A
logistic regression analysis was performed to assess the
effect of all potential predictors (statistically significant in
the univariate analysis) on MRI findings of spondylolysis in
the multivariate model. The sensitivity, specificity, positive
predictive value (PPV), negative predictive value, positive
likelihood ratio (þLR), and negative likelihood ratio (–LR)
of the independent predictors were calculated.

RESULTS

A total of 158 adolescent athletes who underwent MRI to
evaluate LBP were identified; 137 of these patients did not
have neurological findings and symptoms before MRI. Of
the 137 adolescent athletes without neurological findings
and symptoms, 15 were excluded because they were diag-
nosed with lumbar disc herniation (9), interspinous liga-
mentitis (2), sacral stress fracture (2), and inflammation
of the lumbar facet joint (2); 75 were diagnosed with
spondylolysis; and 47 were diagnosed with UMLBP on MRI
scans and were enrolled in this study (Figure 2).

The characteristics of the study groups are shown in
Table 1. The mean age of the patients with spondylolysis
and UMLBP was 15.1 ± 1.8 and 14.9 ± 1.7 years, respec-
tively (P ¼ .59). There was a statistically significant

Figure 1. Measurement on anteroposterior radiograph of the
ratio of the interfacet distance of the L1 vertebra (top arrows)
to that of the L5 vertebra (bottom arrows) (L1:L5 ratio).

Adolescent athletes who underwent MRI 
to evaluate LBP (N = 158)

Adolescent athletes without neurological 
symptoms or findings (n = 137)

Excluded (n = 21):
• Adolescent athletes with 

neurological symptoms and findings 
before MRI

Excluded (n = 15):
• Lumbar disc herniation (n = 9)
• Interspinous ligamentitis (n = 2)
• Sacral stress fracture (n = 2)
• Inflammation of the facet joint (n = 2)

Spondylolysis
(n = 75)

UMLBP
(n = 47)

Figure 2. Flowchart of patient enrollment. LBP, low back
pain; MRI, magnetic resonance imaging; UMLBP, undiag-
nosed mechanical low back pain.
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difference in sex distribution between the groups, with
male athletes accounting for 82.7% (62/75) of patients with
spondylolysis and 48.9% (23/47) of patients with UMLBP
(P < .001). No other significant differences were found
between the groups.

Radiographic Parameters

Table 2 shows the results of the comparison of radiographic
parameters between the groups. A statistically significant
difference was seen between the spondylolysis and UMLBP
patients in mean LL angle overall (22.8� ± 8.1� vs 19.3� ±
8.5�, respectively; P ¼ .02) and in male athletes (22.3� ± 8.3�

vs 18.0� ± 6.6�; P ¼ .02), although this was not the case in
female athletes (25.0� ± 7.0� vs 20.4� ± 9.9�; P ¼ .08). The
mean L1:L5 ratio in athletes with spondylolysis was signif-
icantly greater than that in athletes with UMLBP both over-
all (67.4% ± 6.3% vs 63.4% ± 6.6%, respectively; P¼ .001) and
when stratified by sex (male, 67.6% ± 6.0% vs 63.1% ± 6.4%,
P ¼ .003; female, 66.7% ± 6.5% vs 63.7% ± 6.9%, P ¼ .01).

The interrater reliability of the measurements for the
3 radiographic parameters is shown in Table 3. Agree-
ment among the 2 examiners was almost perfect in
each case.

When the radiographic findings were stratified by sex,
results indicated there were no statistically significant dif-
ferences in any of the 3 parameters (Table 4).

Predictors of Findings of Spondylolysis on MRI
Scans

The rate of positive findings of spondylolysis on MRI scans
for each predicting factor is listed in Table 5. Of the

TABLE 1
Descriptive Data of the Enrolled Patientsa

Spondylolysis
Group (n ¼ 75)

UMLBP Group
(n ¼ 47)

P
Value

Age, y 15.1 ± 1.8 14.9 ± 1.7 .59
Sex, n (%) <.001

Male 62 (82.7) 23 (48.9)
Female 13 (17.3) 24 (51.1)

Height, cm
Male 166.4 ± 1.1 166.9 ± 1.3 .87
Female 156.7 ± 1.5 156.9 ± 1.2 .94

Body mass index
Male 18.5 ± 0.8 18.7 ± 0.7 .79
Female 20.6 ± 1.2 20.4 ± 1.2 .76

Duration of LBP, wk 4.4 ± 4.3 3.6 ± 3.3 .28
Type of sport, n (%) .18

Soccer 22 (29.3) 10 (21.3)
Baseball 19 (25.3) 6 (12.8)
Track and field 11 (14.7) 7 (14.9)
Volleyball 5 (6.7) 6 (12.8)
Tennis 0 (0) 4 (8.5)
Rugby 3 (4) 1 (2.1)
Basketball 3 (4) 1 (2.1)
Weightlifting 3 (4) 0 (0)
Badminton 0 (0) 5 (10.6)
Gymnastics 1 (1.3) 0 (0)
Other 8 (10.7) 7 (14.9)

aData are reported as mean ± SD unless otherwise indicated.
Bolded P value indicates statistically significant difference
between groups (P < .05). LBP, low back pain; UMLBP, undiag-
nosed mechanical low back pain.

TABLE 2
Comparison of Radiographic Parameters Between Groupsa

Variable
Spondylolysis

Group
UMLBP
Group

P
Value

Spina bifida occulta, n (%)
All 36/75 (48.0) 16/47 (34.0) .09
Male 30/62 (48.4) 10/23 (43.5) .81
Female 6/13 (46.2) 6/24 (25.0) .27

Lumbar lordosis angle,
deg
All 22.8 ± 8.1 19.3 ± 8.5 .02
Male 22.3 ± 8.3 18.0 ± 6.6 .02
Female 25.0 ± 7.0 20.4 ± 9.9 .08

L1:L5 ratio, %

All 67.4 ± 6.3 63.4 ± 6.6 .001
Male 67.6 ± 6.0 63.1 ± 6.4 .003
Female 66.7 ± 6.5 63.7 ± 6.9 .01

aData are reported as n (%) or mean ± SD. Bolded P values
indicate statistically significant difference between groups
(P < .05). UMLBP, undiagnosed mechanical low back pain.

TABLE 3
Interrater Reliability for the Radiographic Measurements

Variable
Intraclass Correlation

Coefficient Agreement

Spina bifida occulta 0.848 (k) Almost
perfect

Lumbar lordosis
angle

0.971 (95% CI, 0.959-0.98) Almost
perfect

L1:L5 ratio 0.994 (95% CI, 0.988-0.996) Almost
perfect

TABLE 4
Comparison of the Radiographic Parameters Between Male

and Female Participantsa

Variable Male Female P Value

Spina bifida occulta, n (%)
Spondylolysis group 30/62 (48.4) 6/13 (46.2) .88
UMLBP group 10/23 (43.5) 6/24 (25.0) .23
All 40/85 (47.1) 12/37 (32.4) .17

Lumbar lordosis angle, deg
Spondylolysis group 22.3 ± 8.3 25.0 ± 7.0 .28
UMLBP group 18.0 ± 6.6 20.4 ± 9.9 .34
All 21.2 ± 8.1 22.1 ± 9.2 .60

L1:L5 ratio, %

Spondylolysis group 67.6 ± 6.0 66.7 ± 6.5 .29
UMLBP group 63.1 ± 6.4 63.7 ± 6.9 .77
All 66.4 ± 6.4 64.4 ± 6.8 .12

aData are reported as mean ± SD unless otherwise indicated.
UMLBP, undiagnosed mechanical low back pain.
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predictive factors analyzed using the chi-square test, a sig-
nificantly increased probability was detected for LBP >4
weeks (odds ratio [OR], 5.67), male sex (OR, 4.98), and
L1:L5 ratio >65% (OR, 3.35). In contrast, a significantly
decreased probability was detected for female sex (OR,
0.20), L1:L5 ratio <60% (OR, 0.24), and LBP 2-4 weeks
(OR, 0.28). In the multivariate regression analysis, male
sex (OR, 4.66) and L1:L5 ratio >65% (OR, 3.48) were iden-
tified as statistically significant independent predictors
(Table 6).

Table 7 shows the sensitivity, specificity, PPV, negative
predictive value, and LR values of male sex, L1:L5 ratio
>65%, and the 2 factors combined for spondylolysis on MRI
scans. For male adolescent athletes with LBP who had an
L1:L5 ratio of >65%, we noted 52% sensitivity, 84.4% spec-
ificity, 84.8% PPV, and 3.34 times the likelihood of a posi-
tive finding of spondylolysis on MRI scans.

DISCUSSION

The results of the present study demonstrated that male
sex and an L1:L5 ratio of >65% were independent predic-
tors of positive findings of spondylolysis on MRI scans in
adolescent athletes who had extension-related LBP without
neurological symptoms and findings. To the best of our
knowledge, this was the first study comparing differences
in clinical factors and radiographic parameters between
adolescent athletes with spondylolysis and UMLBP. The
present study was also the first to evaluate predictors of
findings of spondylolysis on MRI scans.

LBP is a common symptom in young athletes, and clin-
icians usually perform physical examinations and plain
radiography of the lumbar spine as an initial
examination. However, there is no decisive protocol regard-
ing advanced imaging examinations, according to the
results of systematic reviews.20,41 Some studies have
recommended using MRI as an advanced imaging modality
for children and adolescents with LBP because MRI entails
no exposure to radiation.9,32 However, MRI is expensive,
and it would not be appropriate for all young athletes with
LBP to undergo MRI. The present study showed that
patient sex and the L1:L5 ratio are useful indicators when
clinicians are deciding whether to perform MRI, especially
in cases of suspected spondylolysis. However, this was a
preliminary study, and we could not identify the definitive
criteria to indicate whether to perform MRI in the

TABLE 5
Predictors of Spondylolysis Findings on MRI Scansa

Variable

Rate of Positive
Findings of

Spondylolysis,
% OR (95% CI)

P
Value

Sex
Male 72.9 4.98 (2.19-11.29) <.001
Female 35.1 0.20 (0.09-0.46) <.001

Age
<15 y 52.9 0.54 (0.26-1.13) .13
15-18 y 67.6 1.86 (0.89-3.88) .13

Duration of LBP
<2 wk 51.6 0.58 (0.26-1.31) .22
2-4 wk 41 0.28 (0.13-0.62) .003
>4 wk 82.7 5.67 (2.43-13.20) <.001

Sports activity
Soccer 68.8 1.54 (0.66-3.57) .41
Baseball 76 2.32 (0.87-6.13) .11
Track and field 61.1 0.98 (0.36-2.66) .97
Volleyball 45.5 0.49 (0.15-1.61) .33

Spina bifida occulta
Present 69.2 1.79 (0.85-3.78) .14
Absent 55.7 0.56 (0.27-1.18) .14

L1:L5 ratio
<60% 33.3 0.24 (0.09-0.64) .006
60%-65% 55.8 0.69 (0.33-1.47) .44
>65% 75.9 3.35 (1.55-7.22) .003

Lumbar lordosis angle
<20� 55.4 0.62 (0.29-1.29) .26
20�-25� 71.4 1.77 (0.72-4.34) .27
>25� 63.2 1.11 (0.51-2.43) .84

aBolded P values indicate statistical significance (P< .05). LBP,
low back pain; MRI, magnetic resonance imaging; OR, odds ratio.

TABLE 6
Multivariate Analysis of the Predictors of Spondylolysis

Findings on MRI Scansa

Variable B SE OR 95% CI P Value

Male sex 1.538 0.441 4.657 1.964-11.045 <.001
L1:L5 ratio >65% 1.247 0.421 3.480 1.525-7.939 .003

aBolded P values indicate statistical significance (P < .05). B,
regression coefficient; MRI, magnetic resonance imaging; OR, odds
ratio.

TABLE 7
Validity of Male Sex, L1/L5 Ratio >65%, and the 2 Factors Combineda

Sensitivity, % Specificity, % PPV, % NPV, % þLR –LR

Male sex 82.7 (76.2-88.3) 51.1 (40.7-60.0) 72.9 (67.2-77.9) 64.9 (51.7-76.2) 1.69 (1.28-2.21) 0.34 (0.20-0.59)
L1:L5 ratio >65% 61.3 (54.5-67.3) 68.9 (57.4-78.8) 76.7 (68.1-84.1) 51.7 (43.1-59.1) 1.97 (1.28-3.17) 0.56 (0.42-0.79)
Male sex and L1:L5 ratio >65% 52 (45.6-56.4) 84.4 (73.8-91.8) 84.8 (74.4-92.0) 51.4 (44.9-55.8) 3.34 (1.75-6.89) 0.57 (0.48-0.74)

aValues in parentheses are 95% CIs. –LR, negative likelihood ratio; þLR, positive likelihood ratio; NPV, negative predictive value; PPV,
positive predictive value.
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assessment of LBP in adolescent athletes. The previous
studies describing the L1:L5 ratio have been too limited
to determine a clear cutoff value for adolescent athletes or
healthy individuals. Further studies are needed to detect
clinically valuable predictors of spondylolysis on advanced
imaging examinations and to evaluate the effectiveness of
these predictors in avoiding excessive use of MRI.

Ward et al45 and Zehnder et al48 reported that an insuf-
ficient caudal increase in lumbar interfacet spacing was
associated with the occurrence of spondylolysis based on
the results of the comparison of AP lumbar spine radio-
graphs between individuals with spondylolysis and healthy
controls. Other studies have demonstrated that patients
with spondylolysis had narrower and more frontally ori-
ented lumbar facets in comparison with healthy con-
trols.22,23 Masharawi et al24 found that the lumbar facet
shape reached maturity earlier in girls (mean age, 12-13
years) than in boys (mean age, 15-16 years) based on MRI
findings in the general population.24 In the current study,
male athletes with spondylolysis had a significantly greater
L1:L5 ratio than those with UMLBP (P ¼ .003), and this
difference was greater than was the difference between
female athletes with spondylolysis and those with UMLBP
(P ¼ .01).

A possible explanation for these findings is that excessive
sports activities during puberty may prevent the normal
growth of lumbar facet joints, which would result in an
insufficient caudal increase in the lumbar interfacet dis-
tance, especially in boys. According to Zehnder et al,48 the
mean L1:L5 ratio in healthy controls (age, 6-18 years) was
52.7%. This value is smaller than is that found in the pre-
sent study, indicating the validity of our hypothesis. Fur-
ther studies are needed to compare differences in the
development of lumbar facet joints between adolescent ath-
letes and nonathletes to evaluate this hypothesis. As far as
we know, no studies have compared the interfacet distances
of the lumber spine between young athletes with and with-
out spondylolysis. The current study showed that there was
a significant difference in L1:L5 ratio between young ath-
letes with and without spondylolysis. Therefore, calculation
of the L1:L5 ratio is recommended before deciding whether
to perform MRI for adolescent athletes with LBP.

The presence of SBO and a greater LL angle were recog-
nized as risk factors for the development of spondyloly-
sis.5,14,21,36 The present study showed that athletes with
spondylolysis had a higher prevalence of SBO and greater
LL angle compared with athletes who had UMLBP; how-
ever, neither the presence of SBO nor a greater LL angle
could independently predict findings of spondylolysis on
MRI scans. Urrutia et al43 reported that spondylolysis did
not develop more frequently in pediatric patients with SBO
than in patients without SBO. It was also reported that the
prevalence of SBO decreased from 41.2% in children to
7.7% in adults, which suggested that the closure of the ver-
tebral arch may not be completed in a large percentage of
children.44 Measurement of the LL angle is a static assess-
ment that does not reflect the direct flexibility of the lumbar
spine. The LL angle is also influenced by individual factors,
including age, weight, activity, and flexibility of the lower
extremities.4,21,36 Further studies should be undertaken to

evaluate whether the presence of SBO and the LL angle are
associated with the development of spondylolysis, espe-
cially in high-risk populations such as adolescent athletes.

In the current study, male sex was an independent pre-
dictor of positive findings of spondylolysis on MRI scans.
Furthermore, female sex was a negative predictor of find-
ings of spondylolysis on MRI scans. According to a recent
systematic review, male patients developed spondylolysis
more frequently than did female patients,40 which is com-
patible with our results. Several studies have reported that
the incidence of lumbar spondylolysis differed according to
ethnicity and sex.12,26,30 Sakai et al35 reported that the
male-to-female ratio in patients with spondylolysis was
2:1, based on the results of a review of the CT scans of
2000 participants aged 20 to 90 years. Masharawi et al24

reported that girls had a wider interfacet width relative to
the vertebral body in comparison with boys, which implies a
better posterior mechanical structure against repetitive
sagittal stresses because of the relatively larger area where
the spinal load is located. It was also reported that bone
mineral density values at the lumbar spine were signifi-
cantly higher in girls than in boys, based on the results
obtained from 363 healthy children aged 10 to 17 years.1

These anatomic and biological differences may contrib-
ute to the higher incidence of spondylolysis in boys than in
girls. In addition to intrinsic factors, extrinsic factors such
as differences in sports type and activity level between boys
and girls would have a critical influence on the develop-
ment of spondylolysis. However, most studies have
reported on the incidence of spondylolysis in the general
population, and few studies have reported the correlation
between sex and the incidence of spondylolysis in adoles-
cent athletes. The present study evaluated only Japanese
adolescent athletes; therefore, the results of this study can-
not be generalized to athletes of other ethnicities. However,
Stracciolini et al39 reported that spondylolysis accounted
for 50% of spine injuries in young male athletes compared
with 33.9% of young female athletes with spine injuries in
the United States. Clinicians should consider not only the
characteristics of ethnicity in terms of the development of
spondylolysis in their own countries but also the referral
patterns specific to their own hospitals because these fac-
tors may affect the incidence of spondylolysis in adolescent
athletes.39 Future studies will be required to evaluate the
correlation between sex and the incidence of spondylolysis
in adolescent athletes all over the world from various view-
points, including biomechanical, hormonal, anatomic,
behavioral, and sex differences.

Soccer, baseball, track and field, and volleyball
accounted for the majority of sports activities (70%; 86/
122) in this study population. No significant predictive fac-
tors were identified in the type of sports activity. It has been
described that throwing sports, gymnastics, and rowing
were risk factors for spondylolysis in Spanish elite ath-
letes,38 although only 1 gymnast with spondylolysis was
identified in the present study. The prevalence of spondy-
lolysis in gymnasts was reported to be 16.6% by Rossi and
Dragoni31 and 14.0% by Soler and Calderón.38 However,
Komaya et al16 reported that only 1 of 104 young gymnasts
had spondylolysis. It has also been reported that the
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prevalence of spondylolysis in gymnasts was 6.5%, with no
difference in the general population in Canada.42 These
results may suggest that the real prevalence of spondyloly-
sis in gymnasts was overestimated in previous studies.

Sakai et al34 reported that Japanese professional soccer
and baseball players had >5 times the incidence of spondy-
lolysis in comparison with the general population. Selhorst
et al37 reported that the risk of spondylolysis differed by sex
and geographic region and that the activity level of athletes
may significantly influence the incidence of spondylolysis.
Therefore, the activity level of the athletes and the strength
and frequency of their training would be more important
than would the type of sports activity when clinicians eval-
uate adolescent athletes with LBP.

The present study was a retrospective study, and we
could not accurately assess the activity level of the athletes
or the details of their training programs. The present study
evaluated only 4 sports activities (soccer, baseball, track
and field, and volleyball) because of the limited sample size
and could not assess all types of sports activities as predic-
tors of spondylolysis. Prospective studies will be needed to
clarify the types of sports activity or activity levels of ath-
letes that strongly affect the incidence of spondylolysis.

This study had several limitations. First, adolescent ath-
letes who were diagnosed with pathologies other than spon-
dylolysis and UMLBP after the MRI examination (15/137;
10.9%) were excluded from this study in order to compare
patients with spondylolysis and UMLBP. Lumbar disk her-
niation, interspinous ligamentitis, sacral stress fracture,
and inflammation of the facet joints are not common causes
of LBP in young athletes; however, they should be regarded
as differential diagnoses in clinical practice. It has been
reported that radicular symptoms and neurological find-
ings, such as a straight-leg raising test, are not present in
most children and adolescents with lumbar disk hernia-
tion.8,17 Therefore, the results of the present study should
be interpreted with caution because the significant predic-
tors in this study would be valuable when spondylolysis is
suspected as a cause of LBP in adolescent athletes. Clini-
cians should carefully observe young athletes with untypi-
cal and persistent LBP and consider performing advanced
imaging examinations if needed.

Second, data regarding physical examinations, such as
tightness of the hamstrings and hip range of motion, were
not evaluated because these data were not accurately col-
lected from the medical records due to the retrospective
study design. However, Kobayashi et al15 reported that no
significant physical examination factors that could be use-
ful in the early detection of active spondylolysis were
identified.

Third, CT and SPECT were not performed as advanced
imaging examinations. Some authors have reported that
MRI is not as sensitive for detecting spondylolysis as is a
SPECT bone scan25,49; however, it has been confirmed that
MRI has a high diagnostic performance in detecting pars
defects in young athletes.9,15,32 MRI would be a preferable
advanced imaging examination for young athletes because
of the lack of exposure to ionizing radiation.

Despite these limitations, the present study provides
important information for the clinician when deciding

whether to perform MRI to evaluate the cause of LBP in
adolescent athletes.

CONCLUSION

Male sex, greater LL angle, and increased L1:L5 ratio were
the significant variables differentiating adolescent athletes
with spondylolysis from those with UMLBP. In addition,
male sex and L1:L5 ratio >65% were independent predic-
tors of positive findings of spondylolysis on MRI scans.
Study results indicated that sex and L1:L5 ratio are useful
indicators when clinicians are deciding whether to perform
MRI to evaluate the cause of LBP in adolescent athletes
without neurological symptoms and findings.
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36. Seitsalo S, Osterman K, Hyvãrinen H, Tallroth K, Schlenzka D, Poussa

M. Progression of spondylolisthesis in children and adolescents: a

long-term follow-up of 272 patients. Spine. 1991;16(4):417-421.

37. Selhorst M, Fischer A, MacDonald J. Prevalence of spondylolysis in

symptomatic adolescent athletes: an assessment of sport risk in non-

elite athletes. Clin J Sport Med. 2019;29(5):421-425.

38. Soler T, Calderón C. The prevalence of spondylolysis in the Spanish

elite athlete. Am J Sports Med. 2000;28(1):57-62.

39. Stracciolini A, Casciano R, Levey Friedman H, et al. Pediatric sports

injuries: a comparison of males versus females. Am J Sports Med.

2014;42(4):965-972.

40. Tawfik S, Phan K, Mobbs RJ, Rao PJ. The incidence of pars inter-

articularis defects in athletes. Global Spine J. 2020;10(1):89-101.

41. Tofte JN, CarlLee TL, Holte AJ, Sitton SE, Weinstein SL. Imaging

pediatric spondylolysis: a systematic review. Spine. 2017;42(10):

777-782.

42. Toueg CW, Mac-Thiong JM, Grimard G, et al. Prevalence of spondy-

lolisthesis in a population of gymnasts. Stud Health Technol Inform.

2010;158:132-137.

43. Urrutia J, Cuellar J, Zamora T. Spondylolysis and spina bifida occulta

in pediatric patients: prevalence study using computed tomography

as a screening method. Eur Spine J. 2016;25(2):590-595.

44. Urrutia J, Zamora T, Cuellar J. Does the prevalence of spondylolysis

and spina bifida occulta observed in pediatric patients remain stable

in adults? Clin Spine Surg. 2017;30(8):e1117-e1121.

45. Ward CV, Latimer B, Alander DH, et al. Radiographic assessment of

lumbar facet distance spacing and spondylolysis. Spine. 2007;32(2):

e85-e88.

46. Yamashita K, Sakai T, Takata Y, et al. Low back pain in adolescent

athletes: comparison of diagnoses made by general orthopaedic

surgeons and spine surgeons. Int J Spine Surg. 2019;13(2):

178-185.

47. Yamashita K, Sugiura K, Manabe H, et al. Accurate diagnosis of low

back pain in adult elite athletes. J Med Invest. 2019;66(3.4):

252-257.

48. Zehnder SW, Ward CV, Crow AJ, Alander D, Latimer B. Radiographic

assessment of lumbar facet distance spacing and pediatric spondy-

lolysis. Spine. 2009;34(3):285-290.

49. Zetaruk M. Lumbar spine injuries. In: Micheli LJ, Purcell LK, eds. The

Adolescent Athlete. Springer; 2007:109-140.

8 Yokoe et al The Orthopaedic Journal of Sports Medicine



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


