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Study Design: Retrospective cohort study.
Purpose: To examine bone healing with conservative treatment in cases of adolescent bilateral L5 spondylolysis.
Overview of Literature: We classified bilateral L5 spondylolysis, which is the most affected spinal level, by fracture stage and 
aimed to compare the bone healing rate according to the fracture stage and evaluate the presence of a preexisting contralateral ter-
minal fracture at the diagnosis of fresh spondylolysis.
Methods: We evaluated 48 patients (38 boys and 10 girls) with bilateral L5 spondylolysis diagnosed during or before high school. L5 
spondylolysis was classified into two groups: fresh group (bilateral fresh spondylolysis cases), and terminal group (cases wherein one 
side had fresh spondylolysis and the contralateral side had terminal spondylolysis). We investigated the age of examination and bone 
healing rate in both groups. We investigated progressive-stage lesions and bone healing rate with or without progressive-stage le-
sions.
Results: The bone healing rate in the fresh group was significantly higher than that in the terminal group 72.0% vs. 26.1%, p=0.003). 
In both the groups, the bone healing rate was significantly higher in patients without progressive-stage lesions than in those with 
progressive-stage lesions.
Conclusions: Bone healing of progressive-stage fresh spondylolysis was not achieved by conservative treatment when contralateral 
terminal spondylolysis was present in adolescents with bilateral L5 spondylolysis. Our results suggest that bilateral L5 spondylolysis 
treatment strategies must be determined based on the combination of the stages present.
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Introduction

Lumbar spondylolysis is a stress fracture of the pars inter-
articularis and that typically occurs in adolescent athletes 

[1]. Kaneko et al. [2] reported that 33% of young patients 
that complained of sports-related low back pain lasting 
more than 7 days had lumbar stress injuries. The L5 pars 
interarticularis is the spinal level most affected and sus-
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ceptible to mechanical stress [3].
Recent diagnostic advances in magnetic resonance im-

aging (MRI) have resulted in early diagnosis of spondy-
lolysis [4]. Current treatment strategies suggest that early 
diagnosis, coupled with conservative treatment for lumbar 
spondylolysis, is a way to achieve successful bone healing. 
Sometimes, bone healing is not achieved even with early 
diagnosis and conservative treatment.

Patients diagnosed with terminal spondylolysis at first 
consultation cannot achieve successful bone healing. 
When spondylolysis progresses to terminal-stage, inflam-
mation may first occur at the site of pseudoarthrosis and 
then spread to the adjoining facet joints and synovitis, 
causing low back pain [5]. There is a possibility that this 
process progresses to lumbar spondylolisthesis, where a 
vertebra slips from its location to rest on the lower bone. 
There have been some reports that the pathological stage 
on the contralateral side can affect bone healing [6-8], but 
no reports have exclusively examined L5 spondylolysis.

For this study, we aimed to evaluate bone healing rates 
in L5 spondylolysis comparing the fracture stages present.

Materials and Methods

Using both MRI and computed tomography (CT), we 
identified students diagnosed for the first time with bilat-
eral L5 spondylolysis. Patients with pseudoarthrosis on 
both sides at the first consultation were excluded. We con-
structed a cohort of 48 patients (38 boys and 10 girls) who 
were seen at our facility between April 2015 and March 
2019. The mean age of the patients was 13.5 years (range, 
8–17 years). All patients were students who were active 
in both sports and club activities. The most popular sport 
activity was soccer, with 13 patients (27%), followed by 
baseball with 11 patients (23%). No patient had any his-
tory of medical or spinal disorders. Informed consent was 
obtained from all participants in this study. The study was 
performed in accordance with the Declara tion of Helsinki 
and approved by the Institutional Review Board of Mito 
Kyodo General Hospital (approval no., 19-44).

Stages were classified according to previous reports us-
ing both MRI and CT at the first consultation [9]. An MRI 
showing bone marrow edema with CT indicating visible 
hairline fracture was classified as an early-stage. Alterna-
tively, an MRI showing bone marrow edema and CT indi-
cating clear bone gap was classified as a progressive-stage. 
An MRI showing the absence of bone marrow edema with 

CT indicating bone defect was classified as the terminal-
stage. Our conservative treatment protocol for lumbar 
spondylolysis, other than terminal-stage, was for patients 
to wear a semi-rigid lumbosacral back brace to limit trunk 
extension, refrain from participating in sports, and un-
dergo physiotherapy [9]. Since the disappearance of bone 
marrow edema on MRI has been reported to indicate 
the loss of a fracture healing mechanism [10,11], an MRI 
was performed every 1–2 months until the bone marrow 
edema around the pedicle resolved on short tau inversion 
recovery images. When bone marrow edema improved on 
both sides, patients could remove the brace and return to 
playing sports. After brace removal, a CT was performed 
to determine bone healing. Bone healing was confirmed 
if bone continuity had been achieved, even in part, or if 
a bone bridge was observed on CT, even if a fracture line 
remained. In contrast, a pseudoarthrosis was diagnosed 
when no bone continuity was observed on CT, even when 
bone marrow edema was no longer clear on MRI.

Fresh spondylolysis was defined as early- and pro-
gressive-stage lesions with potential bone healing, and 
terminal spondylolysis was defined as terminal-stage le-
sions with no potential for bone healing. We classified L5 
spondylolysis into two groups: the fresh group included 
patients with bilateral fresh spondylolysis, and the termi-
nal group included patients with fresh spondylolysis on 
one side and terminal spondylolysis on the contralateral 
side (Fig. 1).

The treatment period was defined as the time between 
diagnosis of fresh spondylolysis and the improvement of 

Fig. 1. Axial views on magnetic resonance imaging (A, B) and computed to-
mography (C, D) in each group. Arrow and arrowhead indicate fresh and termi-
nal spondylolysis, respectively.

Fresh group Terminal group

A B

C D
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bone marrow edema on both sides via MRI, regardless of 
bone union. The mean treatment period was 3.7 months.

We assessed the age of examination and bone healing 
rate in both groups. Within the fresh spondylolysis group, 
we stratified bone healing rates for cases with progressive-
stage lesions on one or both sides and cases with no pro-
gressive-stage lesions on either side, in other words, only 
those patients with early-stage lesions.

All values are expressed as mean±standard deviation. 
Differences in age were evaluated using Welch’s t-test, and 
Fisher’s exact test was used to compare the bone healing 
rate. We considered a value of p<0.05 to be statistically 
significant.

Results

There were 25 patients in the fresh group and 23 patients 
in the terminal group. The mean ages in the fresh group 
and the terminal group were 13.2 and 13.9 years, respec-
tively, with no significant difference (p=0.25).

In the fresh group, none of the patients achieved bone 
healing on only one side. Bone healing was achieved in 18 
patients in the fresh group and six patients in the terminal 
group. The rate of bone healing was significantly higher 
in the fresh group than in the terminal group (72.0 versus 
26.1%, p=0.003) (Table 1).

Table 2 presents the number of cases with each com-
bination of the stages on each side. In the fresh group, 
there were nine patients with only early-stage lesions and 
16 patients with progressive-stage lesions. Bone healing 
was achieved in nine patients (100%) and nine patients 
(56.3%), respectively. Therefore, even with bilateral 
fresh spondylolysis, the bone healing rate significantly 
decreased when there were progressive-stage lesions 
(p=0.03). There were 10 patients with early-stage lesions, 

and 13 patients with progressive-stage lesions in the ter-
minal group. Bone healing was achieved in six patients 
(60%) and no patients (0%), respectively, and a significant 
difference in the bone healing rate was also observed 
(p=0.002). There was a significant difference in the bone 
healing rate between the fresh and terminal groups with 
progressive-stage lesions (56.3% versus 0%, p=0.001) but 
not in patients with only early-stage lesions (100 versus 
60%, p=0.09) (Fig. 2).

1. Case 1: fresh group

A 14-year-old boy developed low back pain during base-
ball practice and visited Mito Kyodo General Hospital 2 

Table 2. Numbers of cases based on the combination of spondylolysis stages

S tage of spondylolysis 
(one side–contralateral 
side)

Total
Bone healing

One side Contralateral side

Early–early 9 9 9

Early–progressive 9 6 6

Progressive–progressive 7 3 3

Early–terminal 10 6 0

Progressive–terminal 13 0 0

Values are presented as numbers.

Bone healing rate 
100%

Bone healing rate 
60%

Bone healing rate 
56.3%

Bone healing rate 
0%

*p=0.03

p=0.09

*p=0.002

*p=0.001

Bilateral L5 spondylolysis 
48 Cases

Fresh group  
25 Cases

Terminal group 
23 Cases

Early
9 Cases

Early
10 Cases

Progressive
16 Cases

Progressive
13 Cases

Fig. 2. Bone healing rate with or without progressive-stage lesions was inves-
tigated in each group. Bone healing rates were compared in each group and 
between the two groups. Early means there were only early-stage lesions in 
fresh spondylolysis. Progressive means there were progressive-stage lesions 
on one or both sides.

Table 1. Bone healing rate in each group

Characteristic
Group

p-value
Fresh Terminal

No. of patients 25 23

Age (yr) 13.2±1.7 13.9±2.1 0.25

Bone healing 18 6

Bone healing rate (%) 72 26.1 0.003*

Values are presented as number or mean±standard deviation, unless otherwise 
stated.
*p<0.05.
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months later. MRI revealed bone marrow edema on both 
sides of L5 (Fig. 3A). We diagnosed lumbar spondylolysis 
on axial CT that revealed progressive-stage lesion on the 
right side and early-stage lesion on the left side (Fig. 3B). 
The patient rested, began wearing a semi-rigid lumbosa-
cral back brace, and started physiotherapy. After 3 months 
of conservative treatment, MRI showed improved bone 
marrow edema on both sides (Fig. 3C) and CT revealed 
bone healing (Fig. 3D).

2. Case 2: terminal group

A 17-year-old boy developed low back pain during soc-
cer practice and visited Mito Kyodo General Hospital a 
month later. MRI revealed bone marrow edema on the 
right side of L5 (Fig. 4A). We diagnosed lumbar spondy-
lolysis with an axial CT that showed an early-stage lesion 
on the right side, and a terminal-stage lesion on the left 
side (Fig. 4B). He rested, began wearing a semi-rigid lum-
bosacral back brace, and started physiotherapy. After 4 
months of conservative treatment, MRI revealed that the 
bone marrow edema on the right side had improved (Fig. 
4C). However, bone healing was not seen on a CT scan, 
and he was diagnosed with pseudoarthrosis (Fig. 4D).

Discussion

In the present study, the bone healing rate of bilateral L5 
spondylolysis differed depending on the combination of 
fracture stages present. Conservative treatment resulted 
in a significantly higher rate of bone healing in patients 
with bilateral fresh spondylolysis compared to those with 
fresh spondylolysis on one side and terminal spondyloly-
sis on the contralateral side. In particular, bone healing of 
progressive-stage fresh spondylolysis was not achieved by 
conservative treatment when contralateral terminal spon-
dylolysis was present. Even with bilateral fresh spondy-
lolysis, the bone healing rate decreased when there were 
progressive-stage lesions.

In a normal lumbar spine, the posterior surface of the 
vertebral body, pedicles, and lamina form an annular 
structure. When fresh spondylolysis occurs on only one 
side, the continuity of the annular structure is maintained 
and there is no instability. However, continuation of exer-
cise without treatment is expected to decrease the ability 
to heal for the condition. It has been reported that a uni-
lateral pars defect could increase the risk of a spondyloly-
sis on the contralateral side [12]. If one side progresses to 
terminal spondylolysis, it subsequently causes bilateral 
spondylolysis.

Where bone healing was achieved with conservative 
treatment, Yamazaki et al. [6] reported that bone healing 

Fig. 3. Fresh group: the case of a 14-year-old baseball player. (A) Magnetic 
resonance imaging revealed bilateral bone marrow edema at the first examina-
tion. (B) An axial computed tomography scan revealed a progressive-stage 
fracture on the right side and an early-stage fracture on the left side. (C, D) 
Three months later, we saw improved bone marrow edema and bone healing 
was achieved.

Fig. 4. Terminal group: the case of a 17-year-old soccer player. (A) Magnetic 
resonance imaging revealed bone marrow edema on the right side at the first 
examination. (B) An axial computed tomography scan revealed an early-stage 
fracture on the right side and a terminal-stage fracture on the left side. (C, D) 
Four months later, bone marrow edema had disappeared, but bone healing was 
not achieved.

A AB B

C CD D
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rates where the contralateral side was progressive-stage 
and terminal-stage were 16.9% and 3.4%, respectively. 
Fujii et al. [8] reported that the bone healing rate with-
out contralateral defects or with contralateral early-stage 
spondylolysis was significantly higher than that for those 
with contralateral progressive or terminal-stage spondy-
lolysis. These data suggest that the lumbar spondylolysis 
stage on the contralateral side is involved in the bone 
healing process.

In the present study, we hypothesized that individuals 
with bilateral L5 spondylolysis had different bone heal-
ing rates depending on whether they had progressive or 
terminal-stage lesions, had mechanical instability and a 
decreased bone healing rate because of disruption of bone 
continuity.

Therefore, we propose that conservative treatment is 
not indicated in patients with progressive-staged fresh 
spondylolysis on one side and terminal spondylolysis on 
the contralateral side because bone healing of fresh spon-
dylolysis cannot be achieved. In addition, it should be rec-
ognized that when selecting conservative treatment, even 
with bilateral fresh spondylolysis, the bone healing rate of 
progressive-stage lesions is significantly decreased.

To prevent the progression to terminal-stage, it would 
be desirable to diagnose lumbar spondylolysis in adoles-
cents at an early stage, and perform conservative treat-
ment aimed at bone healing. However, with bilateral L5 
spondylolysis, bone healing rates in conservative treat-
ment were different depending on the combination of 
lumbar spondylolysis stages. Therefore, subsequent spon-
dylolysis treatment strategies should be determined based 
on CT and MRI imaging evaluations.

Conclusions

In the present study regarding bilateral L5 spondylolysis 
in adolescents, bone healing of progressive-stage fresh 
spondylolysis was not achieved by conservative treatment 
when contralateral terminal spondylolysis was present. 
Bone healing was likely to be achieved if there were only 
early-stage lesions on both sides. Our data demonstrates 
that it is important to evaluate the combinations of lum-
bar spondylolysis via initial CT and MRI to determine 
subsequent treatment strategies.
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