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Abstract
Background: Adolescent lumbar spondylolysis is considered to be a fatigue fracture caused by repeated mechanical stress and 

sports activities are often thought to be the cause. The incidence of lumbar spondylolysis has been reported to be generally 3%-6%, 
and 4%-10% among patients complaining LBP. In athletes, the incidence of lumbar spondylolysis during adolescence has ranged from 
approximately 15% to 50%. The purpose of this study was to prospectively investigate to determine the imaging and pain characteristics 
of spondylolysis on lumbar extension among adolescent patients with Low Back Pain (LBP) who played sports. 

Methods: 100 patients (a mean age of 14.8 years) were selected as the subjects and were investigated sports activities, duration 
of LBP, and pain with lumbar repetitive extension. Plain X-ray, CT, and high-intensity signal changes in the pedicle on T2 MRI were 
examined for diagnostic indications of lumbar spondylolysis. 

Results: Spondylolysis was confirmed by plain X-ray in 34 patients, 8 were confirmed on CT. Spondylolysis was eventually 
identified in 42 of the 100 patients (42.0%). High-intensity signal changes in the pedicle on T2 MRI were recognized in 29 cases. Pain 
with lumbar extension occurred in 69 of the 100 patients (69.0%) including 34 of the 42 patients with spondylolysis (81.0%) and 35 of 
the 58 patients without spondylolysis (60.3%). Therefore, the sensitivity of the lumbar extension was 81.0% (34/42), and its specificity 
was 39.7% (23/58). 

Conclusion: Among adolescent athletes, the incidence of lumbar spondylolysis was 42.0%, and of the 69 patients with pain 
with lumbar extension, 34 (81.0%) were confirmed to have spondylolysis. Pain with lumbar extension appears to be a good screening 
indicator for adolescent lumbar spondylolysis.
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Introduction
Adolescent lumbar spondylolysis is considered to be a fatigue 

fracture caused by repeated stress between the zygapophyseal joint 
and the adjacent areas, and sports activities are often thought to be 
the cause. While it has been reported that early diagnosis and therapy 
increase the rate of union, the incidence of pseudarthrosis remains 
high in clinical settings.

The incidence of lumbar spondylolysis has been reported to be 
between 3%–6% [1-3] and 4%–10% among patients with Low Back 
Pain (LBP) as the chief complaint [4,5]. In athletes, the incidence of 
lumbar spondylolysis during adolescence ranges from approximately 
15% to 50% [6,7]. Hori et al. [7] studied patients (10–18 years of age) 
who played sports almost daily and had pain with lumbar extension, 
and they reported that the incidence of lumbar spondylolysis in 
adolescent athletes was as high as 50.6% (45/89) [7]. In the present 
study, the clinical symptoms and imaging findings, including those 
from plain X-ray, Computed Tomography (CT), and Magnetic 
Resonance Imaging (MRI), of adolescent athletes presenting with 
LBP were prospectively investigated to determine the incidence of 
lumbar spondylolysis and the usefulness of pain with lumbar repetitive 
extension as a screening indicator for diagnosis of spondylolysis.

Methods
Written informed consents were obtained from all the patients 

who participated in this study, and the protocols were approved by our 
ethics committee.

A prospective study was conducted in patients 8–18 years of age, 
who played sports almost daily and visited the hospital with LBP as the 
chief complaint from January to October, 2008. One hundred patients 
(76 men and 24 women) with a mean age of 14.8 years were selected 
as the subjects and included 31 baseball players, 24 soccer players, 9 
volleyball players, 9 basketball players, and 27 players involved in other 
sports (table tennis, swimming, etc.). The duration of LBP was <2 weeks 

in 51, 2–4 weeks in 5, 1–3 months in 23, and ≥ 3 months in 21 patients. 
At the time of the initial visit to the hospital, the patients’ clinical 
symptoms, such as LBP and leg pain, were investigated. Generally, LBP 
with lumbar extension is regarded as the characteristic symptom of 
lumbar spondylolysis. Pain on only initial lumbar extension may be 
a false-positive in predicting the presence of spondylolysis. Therefore, 
the usefulness of LBP with lumbar repetitive extension as a screening 
indicator for lumbar spondylolysis in adolescent athletes was evaluated 
within physiological range, not on hyperextension. We performed 
plain X-ray, CT, and T2-weighted (T2) MRI in all patients. A GE Signa 
HDx 1.5T scanner with a spine coil (GE Healthcare, Milwaukee, WI, 
USA) was used to perform T2 MRI. X-ray and CT findings and high-
intensity signal changes in the pedicle on T2 MRI were used by one 
of the co-authors, who was not involved in the examination of the 
patients, to clinically diagnose lumbar spondylolysis.

Results
Spondylolysis was confirmed by plain X-ray in 34 patients. Of the 

66 patients in whom spondylolysis could not be confirmed by plain 
X-ray, 8 were confirmed to have spondylolysis on CT. Spondylolysis 
was eventually identified in 42 of the 100 patients (42.0%). High-
intensity signal changes in the pedicle on T2 MRI were recognized 
in 29 cases: 9 of the 34 patients (26.5%) who were confirmed to have 
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spondylolysis on plain X-ray, 8 of the 8 patients (100%) who were 
found to have spondylolysis on CT, and 12 of the 58 patients (20.7%) 
who had no spondylolysis (Table 1).

Overall, 69 of the 100 patients (69.0%) had LBP with lumbar 
extension, including 34 of the 42 patients with spondylolysis (81.0%) 
and 35 of the 58 patients without spondylolysis (60.3%) although 
there were some differences of the degree of extension among the 
patients. Therefore, the sensitivity of LBP with lumbar extension was 
81.0% (34/42), and its specificity was 39.7% (23/58) (Table 2). The 
percentage of patients who do not have pain with lumbar extension 
and spondylolysis was 74.2%.

Five patients also complained of leg pain (5.0%) and 2 of them were 
confirmed to have lumbar disc herniation on MRI.

Discussion
According to a 2010 study by Sakai et al., the incidence of lumbar 

spondylolysis in Japan was 5.9% [8]. They found that the incidence 
was much higher (30%) in professional Japanese soccer and baseball 
players. Furthermore, they reported that the incidence of lumbar 
spondylolysis in professional athletes was more than 5 times the 
incidence in the general Japanese population and varied depending 
on ethnicity, sex, family history, relevant disease, and sports activity. 
Previously, we reported that 50.6% (45/89) of athletes presented with 
LBP with lumbar extension [7]. Kujala et al. [9] documented lumbar 
pain in 45% of athletes during the growing stage but only in 18% of 
developing children who did not play sports [9]. Micheli and Wood 
examined patients who visited a sports clinic with LBP as the chief 
complaint and reported the incidence of spondylolysis to be 5% in 
adults, but 47% in adolescents [5]. According to a study by Rossi et 
al., the incidence of lumbar spondylolysis among the general public, 
not limited to adolescents, was 4%–7%, but was much higher among 
athletes (13.5%) [6]. In the present prospective study, the subjects 
included patients 8–18 years of age, who presented with LBP and 
played sports almost daily, irrespective of the presence/absence of LBP 
with lumbar extension. The results demonstrated that the incidence of 
spondylolysis was high, 42.0% (42/100). Thus, it is important to note 
that lumbar spondylolysis has a high incidence in adolescent athletes. 

The relationship between spondylolysis and LBP with lumbar 
extension is demonstrated in table 2. Of the 42 spondylolysis patients, 
34 had LBP with lumbar extension, and the sensitivity for LBP with 
lumbar extension was 81.0%. Of the 58 patients without LBP with 
lumbar extension, 23 did not have spondylolysis, giving a specificity 
of 39.7%. Thus, LBP with lumbar extension is a useful indicator when 
screening for spondylolysis. If LBP with lumbar extension is present, 
MRI and CT should be performed to avoid a misdiagnosis. The 

percentage of patients who do not have pain with lumbar extension 
and spondylolysis was 74.2% i.e., in the absence of LBP with lumbar 
extension, the probability of spondylolysis is low, and it is not necessary 
to promptly perform additional imaging tests, such as CT or MRI, 
although careful follow-up with periodic observation is required.

Fifty-eight patients did not have spondylolysis at the time of the 
initial visit, and of these patients, 12 had high-intensity signal changes 
in the pedicle on T2 MRI. Sairyo et al. [10] referred to this condition as 
early-stage spondylolysis [10]. In other words, although spondylolysis 
cannot be seen on plain X-ray or CT, changes caused by mechanical 
stress to the pedicle area just before separation can be seen on MRI, thus 
indirectly confirming spondylolysis. Therefore, when high-intensity 
signal changes in the pedicle are recognized, careful monitoring is 
necessary even if spondylolysis cannot be confirmed. Thus, it appears 
valid to instruct patients to temporarily discontinue sports activities.

Many points remain unknown about the natural course in patients 
with high-intensity signal changes in the pedicle on T2 MRI. The 
data in table 1 demonstrates that, of the 8 patients with confirmed 
spondylolysis on CT but not on plain X-ray, all had high-intensity 
signal changes in the pedicle on T2 MRI, and this was considered to 
be indicative of comparatively new spondylolysis. However, it was not 
confirmed whether the 12 patients (early-stage spondylolysis) with 
no spondylolysis on X-ray and CT but with high-intensity changes in 
the pedicle on T2 MRI would eventually develop spondylolysis. It is 
believed that even if high-intensity signal changes caused by mechanical 
stress to the pedicle are observed, spondylolysis may not necessarily 
develop. However, it is possible that the incidence of this occurring is 
very high among athletes whose lumbar spines are constantly subjected 
to mechanical stress. MRI would have to be performed to confirm this 
point in many adolescent athletes with or without LBP, but such studies 
would be impractical. 

This was a prospective study on the clinical and imaging findings 
of adolescent athletes (8–18 years), presenting with LBP to determine 
the incidence of lumbar spondylolysis. Among these athletes, the 
incidence of lumbar spondylolysis was 42.0% (42/100). Overall, 69 of 
the 100 patients (69.0%) had LBP with lumbar extension, including 
34 of the 42 patients with spondylolysis (81.0%). A limitation of this 
study is that examination and investigations were all performed at one 
time, therefore it is required that a consecutive investigation of clinical 
symptoms and imaging findings, especially in patients with negative 
X-rays and CT scan but with MRI high-intensity signal changes in the 
pedicle.
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Spondylolysis MRI high-intensity
Spondylolysis (+) by plain X-ray : 34 pts 9 pts
Spondylolysis (-) by plain X-ray (66 patients)
and spondylolysis (+) by CT : 8 pts 8 pts

Spondylolysis (-) by plain X-ray and CT : 58 pts 12 pts

Table 1: Relationship between Spondylolysis (plain X-ray・CT) and MRI high-
intensity signal changes.

LBP with lumbar extension (+) : 69 /100 patients
Sensitivity : 81.0% Specificity of :39.7%

Table 2: Relationship between LBP with lumbar extension and spondylolysis.

Spondylolysis (+) Spondylolysis (-)
LBP with lumbar extension (+) 34 pts 35 pts
LBP with lumbar extension (-)  8 pts 23 pts
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