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Abstract:
Introduction: This study aimed to elucidate low-back pain (LBP) characteristics, i.e., its qualities, extent, and location, in

patients with early-stage spondylolysis (ESS).

Methods: We recruited patients (�18 years old) who presented with acute LBP lasting up to 1 month. Patients were di-

vided into ESS and nonspecific LBP (NS-LBP) groups based on their magnetic resonance imaging findings; patients show-

ing no pathological findings that might explain the cause of LBP were classified as NS-LBP. All patients were evaluated us-

ing the following tests: hyperextension and hyperflexion (pain provocation tests in a standing position), pain quality (sharp/

dull), pain extent (fingertip-sized area/palm-sized area), and pain location (left and/or right pain in side [side]/central pain

[center]). We have also compared outcomes between the ESS and NS-LBP groups in terms of gender and physical symp-

toms.

Results: Of 101 patients, 53 were determined to have ESS (ESS group: mean age: 14.3 years old; 43 males/10 females),

whereas 48 had no pathological findings explaining the LBP origin [NS-LBP group (mean age, 14.4 years old; 31 males/17

females)]. Chi-squared test has identified gender (male), a negative result on hyperflexion test, pain extent (fingertip-sized

area), and pain location (side) to be significantly associated with ESS. Among these, regression analysis revealed that male

gender and LBP located on the side were significantly associated with ESS (p<0.05).

Conclusions: Although the hyperextension test is generally considered useful for ESS, we demonstrated that its associa-

tion is not deemed significant. Our results indicate that male gender, a negative result of the hyperflexion test, fingertip-

sized pain area, and LBP on the side may be specific characteristics of ESS. Of these physical signs, male gender and LBP

located on the side are characteristic factors suggesting ESS presence.
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Introduction

Low-back pain (LBP) has been found to be common

among children and adolescents1). As with most other ath-

letic injuries, those involving the LBP can occur due to

trauma or overuse. Fatigue fractures of the pars interarticu-

laris often result from repetitive hyperextension in active

young people2). The pathogenesis of spondylolysis is consid-

ered to be fatigue fractures as per clinical observations3-6).

Kobayashi et al. reported that stress fractures in this context

constitute early-stage spondylolysis (ESS)7).

The progression of ESS to non-union has been associated

with an increased incidence of spondylolisthesis and degen-

eration of the lumbar discs8,9). There have been several re-
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ports indicating that young athletes with spondylolysis or

spondylolisthesis are at a higher risk of LBP than those with

no abnormal radiographic findings10-12). Early recognition of

ESS is associated with improved fracture healing13-15), and

patients with ESS are good candidates for conservative treat-

ment with a hard brace16).

Sairyo et al. reported that if ESS is treated in the early

stage, the healing rate can be significantly high. However, it

has been reported that over 70% of patients with bilateral

spondylolysis experience some degree of forward slippage,

which may require surgical treatment17).

Diagnosing ESS has been deemed difficult using plain ra-

diography alone18,19), even when the oblique view is exam-

ined. Recent studies have reported bone scintigraphy, single-

photon emission computed tomography, and magnetic reso-

nance imaging (MRI) to be useful for the early diagnosis of

ESS13,15,20-23). Among these imaging modalities, MRI offer a

number of advantages including reduced radiation exposure,

which is important because ESS mainly occurs during

growth periods24,25). However, because of its high cost, MRI

is not available for all adolescent patients who present with

LBP. In addition, most patients with ESS have previously

engaged in sporting activities; therefore, a doctor is not al-

ways consulted immediately.

For these reasons, determining validated physical signs of

ESS would enable diagnosis of ESS with the requirement

for imaging examinations. The differential diagnosis of back

pain can be complex in athletically active children or ado-

lescents. Previously, we have reported that adolescent pa-

tients with ESS exhibited significantly greater pain intensity

while in motion compared with standing or sitting, using the

visual analog scale26,27).

Clinical features of ESS that have been previously de-

scribed in the literature do not enable differentiation of this

condition from other causes of LBP12,28); currently, there are

no validated examination findings for ESS29,30). The only re-

ported pathognomonic finding is reproduction of pain

through the one-legged hyperextension test31,32), in which the

pain upon hyperextension is most pronounced unilaterally in

the paraspinous area. However, a study by Masci et al. has

denied the usefulness of the one-legged hyperextension

test23).

Clinically, we have observed that patients with both ESS

and nonspecific LBP (NS-LBP) experience LBP, but patients

with ESS experience localized, sharp LBP on the side upon

lumbar spine hyperextension in a standing position. How-

ever, there has been no data published to date supporting

this observation. Thus, in this study, we hypothesize that

these physical signs might be important indicators in differ-

entiating between ESS and NS-LBP adolescent patients. The

aim of this study was to evaluate the clinical features of

ESS in terms of gender and its physical symptoms, i.e., the

quality, extent, and location of LBP.

Materials and Methods

For this present study, we recruited adolescent patients

aged �18 years who presented at our clinic for rehabilitation

between September 2012 and September 2013 within 1

month of acute LBP but had no pathological findings de-

tected by plain radiography. Exclusion criteria were as fol-

lows: lower extremity symptoms (to exclude the possibility

of radicular back pain), clear spondylolysis or spondylolis-

thesis based on plain radiography findings, and other spinal

disorders based on MRI findings (detailed below). All pa-

tients provided informed consent. The study protocol was

approved by the Institutional Review Board.

All patients underwent MRI examination. Six images

were recorded for each patient with the following MRI se-

quence: sagittal view of the lumbar spine with (1) T2-

weighted images and (2) T1-weighted images; coronal view

with (3) fat-saturation T2-weighted images; axial view with

(4) T2-weighted images, (5) T1-weighted images, and (6)

fat-saturation T2-weighted images. This protocol enabled di-

agnosis of ESS as well as other spinal disorders such as her-

niation, disc degeneration (grade IV or above according to

Pfirrmann classification), vertebral fractures, tumors, and in-

fectious diseases. The diagnosis of ESS was made when the

lumbar spine pedicle showed high signal intensity on fat-

saturation T2-weighted images and low signal intensity on T

1-weighted images, according to a previous study (Fig. 1)15).

Patients were then classified into two groups on the basis

of MRI results: the ESS group and the NS-LBP group.

Evaluation of LBP

We evaluated LBP on the following five factors: (1) pres-

ence or absence of LBP during lumbar spine extension in a

standing position (the hyperextension test), (2) presence or

absence of LBP during lumbar spine flexion in a standing

position (the hyperflexion test), (3) pain quality (sharp or

dull), (4) pain extent (categorized as a fingertip-sized or

palm-sized area), and (5) pain location (pain on the left and/

or right side or central pain center). The pain location was

considered as “side” for those patients who experienced

LBP on both sides without central LBP. The physical thera-

pist at our clinic created a checklist with the abovemen-

tioned test items and evaluated patients according to these

items. In addition, a lecture on the testing method was then

conducted, and the evaluation method was standardized

among physical therapists.

Statistical analysis

Data are presented as mean (range) or number (%). We

tested the sensitivity and specificity of gender and each find-

ing of the physical examination. The chi-squared test was

used to compare data in terms of gender, participation in

sports activities, and each physical examination findings be-

tween the ESS and NS-LBP groups; p<0.05 was regarded as

statistically significant. Logistic regression analysis was per-

formed as well. All statistical analyses were performed using
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Figure　1.　Fat-saturation T2-weighted magnetic resonance image of the lumbar spine of a 

13-year-old male athlete.  (A) Coronal view shows high signal intensity in the right L5 pedicle (ar-

row). (B) Axial slice shows high signal intensity in the right pedicle (arrow). The high signal inten-

sity areas are indicative of early-stage spondylolysis.

Table　1.　Sensitivity and Specificity of Each Factor in 

Diagnosing Early Stage Spondylolysis.

Sensitivity Specificity

Gender (male) 0.81 0.35

*Hyperextension (positive) 0.79 0.09

*Hyperflexion (positive) 0.49 0.21

*Pain quality (sharp) 0.73 0.47

*Pain extent (fingertip sized) 0.58 0.72

*Pain location (side) 0.89 0.63

*There were several patients with missing data.

IBM SPSS software version 23.

Role of the funding source

The funders played no role in the design, conduct, or re-

porting of this study.

Results

In total, 101 patients with a mean age of 14.4 (10-18)

years were enrolled for analysis (74 males/27 females). As

per the MRI findings, 53 patients (52.5%) were categorized

into the ESS group, with a mean age of 14.3 years. The

mean age of the NS-LBP group was 14.4 years.

The sensitivity and specificity for ESS were determined to

be as follows: gender (male), 81% and 35%; hyperextension

test (positive), 79% and 9%; hyperflexion test (negative),

51% and 79%; pain quality (sharp), 73% and 47%; pain ex-

tent (fingertip-sized), 58% and 72%; and pain location

(side), 89% and 63%, respectively (Table 1).

The chi-squared test showed gender (male), results of the

hyperflexion test (negative), pain extent (fingertip-sized

area), and pain location (side) to be significantly different

between the two groups (Table 2). Logistic regression analy-

sis revealed only male gender and pain location were found

to be significantly associated with ESS (Table 3).

The affected vertebral levels were L2, L3, L4, L5, and

both L3 and L5 in 1, 5, 19, 27, and 1 patients, respectively.

As per our MRI findings, bilateral active spondylolysis was

detected in 15 patients, while unilateral active spondylolysis

was determined in 38 patients. Among the unilateral lesions,

16 and 22 were found on the left and right sides, respec-

tively (one patient had multiple-level unilateral spondylolysis

at L3 and L5).

Discussion

ESS has been identified to be a common cause of LBP in

adolescent athletes33). On the basis of clinical appearances,

the pathogenesis of lumbar spondylolysis is considered to be

a stress fracture3,34,35). Therefore, early diagnosis of ESS is es-

sential in order for conservative treatment to be successful35).

It has been reported that MRI can provide important infor-

mation for the early detection of ESS13,36); however, it is dif-

ficult to differentiate ESS from other low-back disorders

without radiological examination7,15).

This present study investigated the physical signs which

might be predictive of ESS without the need for MRI ex-

amination. Jackson et al. reported that typical young athletes

with ESS exhibit aching, usually unilateral, LBP, which is

exacerbated by motion such as hyperextension31). Our results

were consistent with their findings, in that unilateral LBP

was observed in the patients with ESS in this study. How-
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Table　2.　Comparison of Characteristics Associated with Early Stage Spondylolysis and Nonspecific 

Low-back Pain.

ESS (n=53) NS-LBP (n=48) p value

Gender (male/female) 43/10 31/17 p=0.061

*Participation in sports activities (participation/no participation) 53/0 45/2 n.s.

*Hyperextension (positive/negative) 41/11 43/4 n.s.

*Hyperflexion (positive/negative) 25/26 37/10 p<0.01

*Pain quality (sharp/dull) 32/12 20/18 p=0.06

*Pain extent (fingertip/palm) 29/21 13/33 p<0.01

*Pain location (side/center) 47/6 17/29 p<0.01

Data are shown as number.

Abbreviations: ESS, early stage spondylolysis; NS-LBP, nonspecific low-back pain; n.s., not significant

p values were calculated using the Chi-square test.

*There were several patients with missing data.

Table　3.　Multivariate Logistic Regression Analysis for Predictors of Clini-

cally Relevant in Early Stage Spondylolysis.

Variable Odds Ratio 95% CI p value

Gender (male/female) 4.053 1.056–15.554 p<0.05

Pain quality (sharp/dull) 2.047 0.549–7.639 n.s.

Pain extent (fingertip/palm) 2.99 0.901–9.921 n.s.

Pain location (side/center) 7.9 2.205–28.309 p<0.01

Hyperflexion test (positive/negative) 2.574 0.777–8.525 n.s.

Hyperextension (positive/negative) 2.451 0.392–15.324 n.s.

Abbreviations: CI, Confidence interval; n.s., no significant difference

ever, we found that hyperextension test tended to be positive

in NS-LBP patients as well as in ESS patients. Kobayashi et

al. suggested that the hyperextension, hyperflexion, Kemp,

and percussion of the vertebral spinous process tests were

not clinically useful for the diagnosis for ESS7). In addition,

Jackson et al. reported that the one-legged hyperextension

test usually provokes LBP on the ipsilateral side and is use-

ful as a diagnostic tool for spondylolysis31).

Previous studies have not examined the validity of the

one-legged hyperextension test, although Masci et al. re-

ported this test to have insufficient sensitivity and specificity

for the diagnosis of ESS23). For these reasons, in combina-

tion with the results of this present study, we suggest that

the hyperextension test is not useful for the differential diag-

nosis of ESS. Therefore, to evaluate LBP, we believe it is

important to consider not only the hyperextension test but

also other physical findings.

We found a negative association of the flexion test with

ESS in this present study. Tonosu et al. reported that LBP

experienced while washing one’s face and while in a stand-

ing position with flexion are useful characteristics for the di-

agnosis of discogenic LBP associated with degenerative disc

disease37). This may explain why the flexion test was nega-

tive in patients with ESS in this study, which further sug-

gests that the diagnosis of ESS should be considered when

the flexion test is negative.

It is interesting to note that, in this present study, patients

in the ESS group had LBP on the side covering a fingertip-

sized area. Joseph et al. reported that the one-finger test

could be an accurate clinical diagnostic test for sacroiliac

joint dysfunction38), while Jackson et al. reported that local-

ized pain over 2-3-cm diameter area was experienced by pa-

tients with ESS31). However, there has been no formal study

validating pain area as a diagnostic tool. Smart KM et al. re-

ported that pain localized to the area of injury/dysfunction is

associated with the clinical classification of nociceptive

pain39). The results of these studies, and the fact that ESS

comprises fatigue fracture of the pars interarticularis as a re-

sult of repeated trauma6), may explain why patients with

ESS in this present study reported fingertip-sized pain areas.

We identified gender as a significant factor of ESS, con-

sistent with the study of Kobayashi et al., who reported that

significantly more adolescent boys developed ESS than ado-

lescent girls7). These boys participated in baseball and soc-

cer, which require repetitive extension or rotation motion of

the lumbar spine; thus, the authors suggested that the reason

for the increase prevalence of ESS among boys compared

with girls was due to the difference in sporting activities.

There are various limitations in this study. First, because

this was a retrospective study, we could not examine asymp-

tomatic subjects. Because ESS is fatigue fracture of pars,

there is a possibility of asymptomatic patients in the early

stage. Second, we could not confirm the patients’ psychoso-

cial status in this study. Third, this current study did not as-

sess inter-examiner reliability for back pain assessment. To

confirm these factors, further prospective investigation is
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needed.

In conclusion, our study demonstrates that adolescent pa-

tients with ESS are more likely to be male, have a negative

result on the hyperflexion test, and experience side LBP

over a fingertip-sized area. In addition, among these physi-

cal signs, male gender and LBP on the side are characteris-

tic factors that suggest the presence of ESS by logistic re-

gression analysis. In contrast, patients with NS-LBP are

more likely to experience central LBP covering a palm-sized

area and have a positive result on the hyperflexion test. Pa-

tients with both ESS and NS-LBP may show a positive hy-

perextension test, which suggests that this test does not pro-

vide characteristic results for patients with ESS. Because

early diagnosis is essential for the successful treatment of

lumbar spondylolysis, MRI examination is recommended for

adolescent patients presenting with side LBP covering a

fingertip-sized area who have a negative result on the hyper-

flexion test.
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