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Study Design: Retrospective study.
Purpose: This study aimed to investigate whether segmental lumbar hyperlordosis of the affected vertebra in patients with spondy-
lolysis occurs only at L5 or also occurs at L4.
Overview of Literature: To the best of our knowledge, increase in segmental lordosis of the spondylolytic vertebrae has only been 
investigated in bilateral L5 spondylolysis; it has not been examined at different levels of bilateral spondylolysis. According to the 
characteristics of segmental lordosis in bilateral L5 spondylolysis, patients with bilateral L4 spondylolysis may also have increased 
segmental lordosis of the L4 vertebra.
Methods: Patients with bilateral spondylolysis of the L5 or L4 vertebra in 2013–2015 were retrospectively identified from the hospi-
tal database. Standing lateral lumbar radiographs were assessed for the angle of segmental lordosis of the L5 and L4 vertebra, sacral 
slope, and lumbar lordosis. The differences in segmental lordosis of the L5 and L4 vertebra, sacral slope, and lumbar lordosis were 
determined using non-paired Student t -test.
Results: Overall, 15 cases of bilateral L4 spondylolysis and 41 cases of bilateral L5 spondylolysis satisfied the inclusion and exclusion 
criteria. Lordosis of the L4 vertebra was significantly greater in the bilateral L4 spondylolysis group (24.2°±7.0°) than that in the L5 
spondylolysis group (20.3°±6.1°, p=0.047). Lordosis of the L5 vertebra was significantly lower in the L4 spondylolysis group (27.7°±8.2°) 
than that in the L5 spondylolysis group (32.5°±7.3°, p=0.040). The sacral slope and lumbar lordosis did not significantly differ between 
the groups.
Conclusions: Adolescent patients with bilateral spondylolysis have segmental hyperlordosis of the affected vertebra not only at the 
L5 level but also at the L4 level.
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Introduction

Lumbar spondylolysis is defined as a separation in the 

pars interarticularis [1]. The reported prevalence is 5.7%–
5.9% in the general population, including asymptomatic 
subjects [2,3], and it frequently affects adolescents. The 
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most affected level is the L5 vertebra, followed by the L4 
vertebra [2,4]. Repeated stress from lumbar motion and 
greater lumbar lordosis are the suggested possible caus-
ative factors [5,6].

Two factors have been considered as the forces acting 
on the pars interarticularis. The first is the force from 
lumbar extension and rotation that is transmitted through 
the lumbar facet joint [7]. During lumbar extension, con-
tact between the inferior and superior articular processes 
or laminae creates a bilateral compressive force on the 
pars interarticularis. During lumbar rotation, contact of 
the facet joint creates a unilateral force. The second force 
is the bilateral shear force from vertebral anterior transla-
tion because of body weight [8,9].

The bilateral force from lumbar extension and verte-
bral anterior translation increases with an increase in 
the lumbar lordosis. Lumbar lordosis in patients with L5 
bilateral spondylolysis was significantly greater than in 
healthy controls [5]. Furthermore, segmental lordosis of 
the L5 vertebra was higher in patients with L5 bilateral 
spondylolysis than in healthy controls [10,11]. However, 
to our knowledge, an increase in the segmental lordosis 
of the spondylolytic vertebrae has only been investigated 
in bilateral L5 spondylolysis, not at different levels of bi-
lateral spondylolysis. According to the characteristics of 
segmental lordosis in bilateral L5 spondylolysis, patients 
with bilateral L4 spondylolysis may also have increased 
segmental lordosis of the L4 vertebra.

The sacral slope is positively correlated with the degree 
of lumbar lordosis, and the position of the apex of the 
lumbar lordosis rises with an increase in the sacral slope 
[12,13]. According to these results, the sacral slope may 
affect segmental hyperlordosis of the spondylolytic verte-
brae. Therefore, the sacral slope of patients with spondy-
lolysis of the L5 and L4 vertebrae should be compared.

This study aimed to investigate whether segmental lum-
bar hyperlordosis of the affected vertebra in patients with 
spondylolysis occur only at L5 or also at L4. To address 
this issue, we compared segmental lordosis of the spon-
dylolytic vertebrae, sacral slope, and lumbar lordosis be-
tween bilateral L4 and L5 spondylolysis. We hypothesized 
that the segmental lordosis of the examined levels was 
higher when the vertebra was spondylolytic. Establishing 
the difference of the lumbar segmental lordosis between 
bilateral L5 and bilateral L4 spondylolysis could provide 
information regarding the differences in the occurrence of 
stress concentration.

Materials and Methods

1. Subjects

This was a retrospective study. Patients with bilateral 
spondylolysis of the L5 or L4 vertebra, demonstrated us-
ing computed tomography and magnetic resonance im-
aging, were identified from the Obihiro Kyokai Hospital 
database for 2013–2015.

As per the inclusion criteria, all patients <18 years of 
age with bilateral spondylolysis of the L4 or L5 vertebra, 
with an accompanying standing lateral radiograph of the 
lumbar spine were enrolled. Patients with spondylolysis 
included patients in the pathological stages, ranging from 
the very early stage of pars defect to the terminal stages. 
Patients with unilateral or multilevel spondylolysis; tran-
sitional vertebrae, including sacralization of the L5 verte-
bra, lumbarization of the S1 vertebra, or spondylolisthesis 
of the spondylolytic vertebra; or spina bifida occulta at 
any level were excluded. An experienced orthopedic sur-
geon established all the diagnoses. The present study was 
approved by the ethics committee of the Obihiro Kyokai 
Hospital.

2. Measurement variables

Standing lateral lumbar radiographs for both L5 and L4 
bilateral spondylolysis were assessed for the angle of seg-
mental lordosis of the L5 and L4 vertebra, sacral slope, 
and lumbar lordosis.

Subjects were asked to be in the upright standing posi-
tion when the radiographs were taken. Segmental lordosis 
of the L5 vertebra was measured based on a previous 
report [10] and was defined as the angle between a line 
drawn through the inferior endplate of the L4 vertebra 
and that drawn through the superior endplate of the S1 
vertebra. Segmental lordosis of the L4 vertebra was de-
fined as the angle between a line drawn through the infe-
rior endplate of the L3 vertebra and that drawn through 
the superior endplate of the L5 vertebra. The sacral slope 
was defined as the angle between a horizontal line and a 
line drawn through the superior endplate of the S1 verte-
bra. Lumbar lordosis was defined as the angle between a 
line drawn through the superior endplate of the L1 verte-
bra and that drawn through the superior endplate of the 
S1 vertebra. All the measurements on a lateral lumbar ra-
diograph are shown in Fig. 1. All the measurements were 
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performed using a PACS workstation (AZE Virtual Place; 
AZE Co., Tokyo, Japan).

The intra-rater reliability of the measurements was as-
sessed with repeated measurements performed by the 
same examiner for all the subjects within 1 week. The 
order of the images was randomized for the second mea-
surements, and the results of the first measurements were 
blinded. The inter-rater reliability of the measurements 
was assessed with measurements performed by two inde-
pendent examiners. The order of the images was random-
ized for each measurement, and the results of each exam-
iner were blinded.

3. Statistical analyses

The values of the first measurement were used for analy-
ses. Intra- and inter-rater reliability of the measurements 
was examined using intraclass correlation coefficients. 
Intraclass correlation coefficient values were examined in 
a one-way classification with absolute agreement at 95% 
confidence intervals for intra-rater reliability and in a two-

way classification with absolute agreement at 95% confi-
dence intervals for inter-rater reliability. The differences 
in the ages, segmental lordosis of the L5 and L4 vertebra, 
sacral slope, and lumbar lordosis between the two groups 
were calculated using non-paired Student t-test. Statistical 
significance was set at p<0.05.

Results

Overall, 15 patients with bilateral L4 spondylolysis and 41 
patients with bilateral L5 spondylolysis satisfied the inclu-
sion (Fig. 2). The bilateral L4 spondylolysis group com-
prised eleven boys and four girls with a median age at di-
agnosis of 14.5 years (range, 12–17 years). The bilateral L5 
spondylolysis group comprised 34 boys and 7 girls with a 
median age at diagnosis of 13.9 years (range, 8–16 years). 
The difference in the ages of the two groups was not sta-
tistically significant (p=0.481). All patients participated in 
various sports. The intra- and inter-rater reliabilities were 
moderate to high for the measurements of segmental lor-
dosis of the L4 and L5 vertebra, sacral slope, and lumbar 
lordosis (Table 1).

Lordosis of the L4 vertebra was significantly greater 
in the bilateral L4 spondylolysis group (24.2°±7.0°) than 
that in the L5 spondylolysis group (20.3°±6.1°, t=−2.029, 
degree of freedom [df]=54, p=0.047) (Fig. 3). Lordosis of 
the L5 vertebra was significantly smaller in the L4 spon-
dylolysis group (27.7°±8.2°) compared to that in the L5 
spondylolysis group (32.5°±7.3°, t=2.106, df=54, p=0.040) 
(Fig. 4). The sacral slope in L4 (39.9°±8.7°) and L5 spon-

Table 1. Intra- and inter-rater reliability of the measurements

Variable L4 lordosis L5 lordosis Sacral slope Lumbar lordosis

Intra-rater 0.771 (0.610–0.872) 0.787 (0.634–0.881) 0.799 (0.652–0.888) 0.901 (0.793–0.954)

Inter-rater 0.841 (0.719–0.913) 0.787 (0.632–0.881) 0.892 (0.806–0.942) 0.879 (0.698–0.961)

Values are presented as intraclass correlation coefficient (95% confidence interval).

Fig. 1. Measurements of the segmental lordosis, lumbar lordosis, and 
sacral slope. a)Superior endplate of the L1 vertebra; b)inferior endplate 
of the L3 vertebra; c)inferior endplate of the L4 vertebra; d)superior end-
plate of the L5 vertebra; e)superior endplate of the S1 vertebra; and f)

horizontal line.
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Fig. 2. (A, B) Flow chart of sample selection.
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dylolysis (39.0°±8.9°) groups did not significantly differ 
(t=−0.332, df=54, p=0.741) (Fig. 5). The lumbar lordosis 
in L4 (53.0°±12.0°) and L5 spondylolysis (51.7°±13.1°) 
groups was not significantly different (t=−0.327, df=54, 
p=0.745) (Fig. 6).

Discussion

Greater lordosis at the L5 vertebra in patients with L5 
spondylolysis has been demonstrated in several previous 
trials [10,11]. The present findings showed that the lor-
dosis was higher when the vertebra was spondylolytic at 
not only the L5 level, but also at the L4 level. Greater seg-
mental lordosis of the affected vertebra commonly causes 
increased bilateral force to the pars interarticularis of the 
vertebra, resulting from the vertebral anterior translation 
and the lumbar extension. Based on our results, patients 
with bilateral L4 spondylolysis had focal hyperlordosis at 
L4 vertebra that leads to stress concentration to the pars 
interarticularis of the L4 vertebra. Although we could not 
determine whether hyperlordosis of the affected vertebra 

led to the spondylolysis, hyperlordosis of the spondylo-
lytic vertebra could be a reason for the difference in the 
affected levels.

The sacral slope was positively correlated with the de-
gree of lumbar lordosis, and the position of the apex of the 
lumbar lordosis rises with an increase in the sacral slope 
[12,13]. Therefore, the sacral slope would affect the differ-
ence of the segmental lordosis. However, the angle of the 
sacral slope in the two groups did not differ significantly. 
Roussouly et al. [5] reported that the sacral slope was not 
significantly different between a healthy population and in 
patients with L5 bilateral spondylolysis. They suggest two 
possible effects of the change in the sacral slope. First, an 
increase in the sacral slope is associated with an increase 
in the shear force from the vertebral anterior translation. 
Second, a decrease in the sacral slope is related to segmen-
tal hyperextension because of short lordosis [5]. Based 
on the present and previous findings, the sacral slope and 
lumbar lordosis may not be factors affecting segmental 
hyperlordosis of the spondylolytic vertebrae. The causes 
for the differences in segmental lordosis need further 
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Fig. 3. Box plots for the segmental lordosis of the L4 vertebra (*p<0.05).
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Fig. 4. Box plots for the segmental lordosis of the L5 vertebra (*p<0.05).
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clarification in future studies.
Conservative treatment has been the first choice for 

patients with spondylolysis and is reportedly successful 
for the early stages of spondylolysis [14-16]. Although 
the effect of the segmental hyperlordosis of the affected 
vertebra on the outcomes of conservative treatment re-
main unclear, we believe that stress concentration to the 
affected vertebra from segmental hyperlordosis warrants 
consideration during the planning of rehabilitation in pa-
tients with spondylolysis.

There are certain limitations of the present study. First, 
the number of patients with L4 bilateral spondylolysis was 
small. Second, the present study results were only evalu-
ated in bilateral spondylolysis and cannot be applied to all 
types of spondylolysis. In addition, both groups may com-
prise patients who had unilateral spondylolysis initially 
that progressed to bilateral. Further studies are warranted 
to determine the likelihood of segmental hyperlordosis 
becoming a cause for the differences in the spondylolytic 
vertebra level. Third, the study population comprised 
adolescents because spondylolysis commonly occurs in 
adolescence. Therefore, the results can only be applied to 
adolescent patients with spondylolysis; they cannot be 
generalized to adult spondylolysis and not to the adult pa-
tients.

Conclusions

In conclusion, adolescent patients with bilateral spondy-
lolysis have segmental hyperlordosis of the affected verte-
bra not only at L5 level, but also at L4.
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