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Objective: The purpose of this study was to observe the natural course of remained untrea-
ted spondylolysis adjacent to previous fusion segments in patients with multi-level lysis 
and its clinical outcome. Methods: Nineteen patients who underwent selective fusion of 
multi-level spondylolysis (MLS) at a single institute were enrolled. As a matched cohort 
for comparison, 19 patients who had single-level spondylolysis (SLS) and undergone single-
level fusion with similar demographics and preoperative radiologic measurements as the 
MLS group were included. We evaluated the preoperative, postoperative, and last follow- 
up angular displacement and sagittal translation on dynamogram radiographs, and axial 
and radial pain using the visual analogue scale in both groups. We then compared the 
increment in radiological instability and clinical outcome between the MLS and SLS groups.
Results: There were no significant differences in patient demographics and preoperative 
radiological measurements, including disc degeneration, facet degeneration, lumbar lor- 
dosis, pelvic incidence, and sacral table angle between both groups. Both groups showed 
an increase in the average angular displacement and slippage during the final follow-up 
as compared to preoperative findings, but no significant difference was noticed between 
them. Both the MLS and SLS groups showed improvement in lower back pain and leg 
pain from before surgery, but with no statistical significance. Conclusion: Selective fusion 
in patients with multiple spondylolysis can be an alternative surgical option without increa- 
sing the risk of adjacent segment degeneration under strict narrow indications. However, 
a thorough preoperative evaluation is needed to prevent early surgical failure.
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INTRODUCTION

Spondylolysis is defined as a defect or fracture of the pars 
interarticularis of the vertebra, commonly affecting the lumbar 
and lumbosacral vertebrae5,7). The pathogenesis of lysis is still 
not clearly understood, but many factors, including mechanical, 
genetic, hormonal factors could have an impact7). Lytic lesion 
makes the related vertebral body vulnerable to slippage, leading 
to isthmic listhesis7). According to previous studies, the overall 
incidence of lysis is about 3% to 6%3,24), 2.6% to 6.0% for 
isthmic listhesis7,18), and only 0.3% to 1.48% for multi-level spon- 
dylolysis (MLS)21,22). The incidence of spondylolysis and isthmic 
listhesis can vary depending on age, sex, ethnicity, and conge- 
nital abnormalities7,24).

Beutler et al.3) documented that patients with bilateral pars 

defect developed listhesis, but showed slow progression with 
each decade. In addition, no significant correlation was noted 
between the degree of slippage and clinical symptoms3). Most 
of the patients are asymptomatic, and even in the symptomatic 
patients, conservative care is usually adequate in dealing with 
the symptoms5,7). Due to its relatively benign character, most 
of the patients with stable lesions do not need surgical treatment. 
However, patients with intractable pain, neurological deficits 
despite non-operative treatment with or without progressive 
slip, and segmental instability are considered potential candi- 
dates for surgery7,17,25).

Many surgical approaches including direct repair of the pars, 
and decompression and fusion with or without instrumentation 
have been introduced for the treatment of spondylolysis and 
listhesis4,5,16,18). Changes in the adjacent segment after fusion 
of single-level and isthmic listhesis have been reported by 
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Fig. 1. Patients with multi-level spondylolysis who underwent fusion 
operation.

Fig. 2. Pre and postoperative lateral plain radiograph of multi-level 
spondylolysis (MLS) and single-level spondylolysis (SLS) group. (A) Pre
and postoperative lateral plain radiograph in MLS group. (B) Pre and
postoperative lateral plain radiograph in SLS group (white arrow: 
spondylolysis, black line: angular displacement).

many authors2,23,29). It is known that increased stress is applied 
at the adjacent level of fusion11), and that fusion length can 
affect the progression of degeneration of the adjacent seg- 
ment8,26). However, studies on treatment and clinical outcomes 
of patients with multi-level lysis are extremely rare14,30). Our 
institute tried to limit the fusion segment in multiple spondy- 
lolysis by performing operations selectively at the symptomatic 
level. By limiting the fusion length, it minimizes the operation 
time, intraoperative blood loss, and adjacent segment dege- 
neration. The aim of this study was to observe the natural 
history of untreated spondylolysis adjacent to previous fusion 
in patients with multi-level lysis and the clinical outcome.

MATERIALS AND METHODS

1. Patients

From January 2004 to April 2014, 762 consecutive patients 
were surgically treated for a diagnosis of spondylolytic spondy- 
lolisthesis at our institute. Of these, 11.0% (n=84) of the patients 
showed MLS, with 3 patients presenting triple-level lysis. The 
L4 and L5 were the most commonly affected levels in double 
level lysis patients (n=66), while all cases of triple-level lysis 
affected the L3, L4, and L5 levels (n=3) (Fig. 1).

Only those patients who underwent selective fusion for 
symptomatic lytic listhesis out of the multiple spondylolysis 
cases were included in the study. The criteria of no symptoms, 
no instability in lateral flexion/extension plain radiographs, 
no definite stenosis on magnetic resonance imaging (MRI), and 
no provocative symptoms or release of symptoms with diag- 
nostic nerve root block at the concerned level had to be fulfilled 
for the corresponding lytic segment to be excluded from the 
operation. We considered segmental angular discrepancy grea- 
ter than 10° between the flexion and extension views on the 
radiograph or translation more than 3 mm on the lateral dyna- 
mogram as instability29). This group was called the MLS selective 
fusion group (n=19) (Fig. 2).

Following this, we selected patients who only had single- 

level lysis and underwent single-level fusion of the corres- 
ponding lesion. Patients with similar demographics (age, sex, 
follow-up period, lysis level) and imaging parameters of the 
adjacent non-fused segment (disc degeneration, facet degene- 
ration, lumbar lordosis, pelvic incidence, and sacral table angle) 
were matched with the MLS group patients as a cohort for 
comparison to reduce the effect caused by confounders. This 
matched cohort group was called the single-level spondylolysis 
(SLS) fusion group (n=19) (Fig. 2).

All the patients in the MLS group underwent preoperative, 
postoperative, and last follow-up lumbar lateral dynamogram 
plain radiographs, as well as preoperative sagittal and axial 
computed tomography (CT). Furthermore, all patients, except 
2, underwent preoperative sagittal and axial T2 weighted MRI 
images. Similarly, all patients in the SLS group underwent pre- 
operative, postoperative, and last follow-up lumbar flexion 
and extension radiographs, as well as preoperative sagittal and 
axial CT and T2-weighted MRI. A retrospective analysis was 
conducted on the records of 19 patients in each group to eval- 
uate the axial and radiating pain in the preoperative period and 
at the last follow-up visit using the visual analogue scale (VAS).

Plain radiographs were used to assess the lumbar lordosis 
as per the L1-L5 Cobb angle9), pelvic incidence by the technique 
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Fig. 3. Measurement of angular displacement on flexion/extension
plain radiographs. Example of L4/5 spondylolysis patient who under-
went L4/5 selective fusion only. (A) Angle between the lower end-
plate of the fused vertebra (L5) and the upper endplate of the adjacent
non-fused spondylolysis vertebra (S1) in flexion view. (B) Angle bet-
ween the lower endplate of the fused vertebra (L5) and the upper 
endplate of the adjacent non-fused spondylolysis vertebra (S1) in ex- 
tension view. Angular displacement (°): difference between (A) angle
in flexion view and (B) angle in extension view on dynamogram 
radiograph.

Fig. 4. Calculation of translation on flexion/extension plain radiogra-
phs. (A) Length of anterior displacement of the upper vertebra. (B) Length
of upper endplate of the lower vertebra (white dotted line: posterior
margin of vertebral body). Sagittal plane translation (%): difference
between a/b×100 in flexion view and a/b×100 value in extension
view on dynamogram radiograph.

of Legaye et al.13), and sacral table angle as defined by Inoue 
et al.10) as the angle between the upper endplate with the 
posterior wall of the lower vertebral body. Disc degeneration 
was evaluated using Pfirrmann grade19) on the MRI scans, while 
facet degeneration was evaluated using Weishaupt grade27) on 
CT images. 

The angular displacement, defined as the difference of seg- 
mental angle in flexion and extension views, was measured 
on the lateral dynamogram radiographs between the fused 
lytic segment and the adjacent untreated lytic segment. The 
angular displacement and slippage on lateral dynamogram radio- 
graphs were measured preoperatively, postoperatively, and at 
the last follow-up. Increment of angular displacement and trans- 
lation between postoperative and last follow-up evaluation was 
calculated for respective groups. The angle between the lower 

endplates of the upper vertebra and upper endplates of the 
lower vertebras was measured by the Posner’s method20) (Fig. 
3). The sagittal translation on the dynamogram was measured 
using the Dupuis technique6) by calculating the ratio of anterior 
translation of the upper segment in relation to the length of 
the upper endplate of the lower vertebra (Fig. 4).

2. Statistical Analysis

The normality test using the Kolmogorov-Smirnov test pro- 
ved that increment of angular displacement and slippage was 
not normally distributed; hence, Mann-Whitney U-test was used 
for comparison between the MLS and SLS groups. Ordinal va- 
riables (disc and facet degeneration) were also compared using 
the Mann-Whitney U-test. Other variables were confirmed as 
normally distributed; therefore, an independent t-test was used 
to compare both groups. The Statistical Package for the Social 
Sciences software (version 20.0; SPSS Inc., Chicago, IL, USA) 
was used for all statistical analyses. A p-value of less than 
0.05 was considered significant.

RESULTS

1. Patient Demographics and Radiological Assess- 
ment of the MLS and SLS Group and Distribution 
of the Multi-level Lysis Levels

The MLS group consisted of 5 males and 14 females aged 
between 32 and 73 years (mean 55.1±2.4 years) at the time 
of the operation. The SLS group consisted of 7 males and 12 
females aged between 36 and 72 years (mean 54.9±2.4 years). 
The average time between surgery and the final follow-up 
with lumbar radiographs for MLS and SLS groups was 22.0± 
5.6 and 21.8±3.0 months, respectively. The patient demogra- 
phics and preoperative imaging measurements of the adjacent 
non-fused segment did not show a significant difference bet- 
ween the 2 groups. In the MLS group, 7 patients had double-level 
spondylolysis at L3 and L4 and underwent selective L4/5 fusion, 
except for one patient who had fusion only at the L3/4 level. 
Eleven patients with L4 and L5 double-level spondylolysis 
underwent limited L4/5 fusion, except for one patient with 
L5/S1 fusion. One patient had triple-level spondylolysis at the 
L3, L4, and L5 levels and underwent fusion at the L4/5/S1 
level. The SLS group had same distribution ratio of the fusion 
segment matched with the MLS group (Fig. 1, Table 1).

2. Radiological and Clinical Outcomes in the MLS 
and SLS Groups

The mean preoperative angular displacement measured at 
the adjacent spondylolysis segment in the MLS group was 6.6± 
5.3° and increased to 9.0±5.8° postoperatively, with a mean 
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Table 1. Patient demographics and radiological assessment in the multi-level spondylolysis selective fusion group and single level 
spondylolysis fusion group

Patients factors MLS (n=19) SLS (n=19) p-value

Age 55.1±2.4 54.9±2.4 0.795*

Sex (Male : Female)  5:14  7:12 -
Follow-up period 22.0±5.6 21.8±3.0 0.357*

Disc degeneration (Pfirrmann grade)
  0    1 (5.3%)    0 (0.0%) 0.749†

  I    0 (0.0%)    1 (5.3%)
  II     4 (21.1%)     6 (31.6%)
  III     5 (26.3%)     5 (26.3%)
  IV     7 (36.8%)     7 (36.8%)
Facet degeneration (Weishaupt grade)
  0    1 (5.3%)     5 (26.3%) 0.162†

  I     8 (42.1%)     7 (36.8%)
  II     9 (47.4%)     7 (36.8%)
  III    1 (5.3%)    0 (0.0%)
Lumbar lordosis (L1-5) 37.0±2.8 33.6±2.0 0.163*

Pelvic incidence 60.0±2.8 58.1±1.8 0.256*

Sacral table angle 85.8±0.5 85.4±0.5 0.624*

MLS: multi-level spondylolysis; SLS: single-level spondylolysis.
*Independent t-test. †Mann-Whitney U-test.

Table 2. Comparison of radiological measurement and clinical outcomes between the multi-level spondylolysis selective fusion group 
and single level spondylolysis fusion group

Radiologic/Clinical outcomes MLS (n=19) SLS (n=19) p-value

Increment of angular displacement (°) 2.40±1.10  1.77±0.93 0.097†

Increment of sagittal plane translation (%) 1.17±2.50  2.53±4.16 0.562†

Change of axial pain (VAS)‡ -2.2±1.9 -2.9±2.1 0.267*

Change of radiating pain (VAS)‡ -4.4±1.7 -4.7±1.8 0.578*

MLS: multi-level spondylolysis; SLS: single-level spondylolysis; VAS: visual analogue scale.
*Independent t-test. †Mann-Whitney U-test. ‡Negative value means decrease of VAS score.

postoperative increment of 2.4±1.1° from post-surgery to the 
last follow-up. The mean preoperative and postoperative angu- 
lar displacement values in the SLS group were 7.5±4.1° and 
10.0±4.7°, respectively. The postoperative increment from 
post-surgery to the last follow-up in the SLS group was 1.8± 
0.9°. The difference in the postoperative increment of angular 
displacement at the adjacent level between the 2 groups was 
not statistically significant (p=0.097) (Table 2).

The mean sagittal plane translation measured at the adjacent 
spondylolysis segment in the MLS group showed a postope- 
rative increment 1.2±2.5%, whereas that in the SLS group was 
2.5±4.2%. There was no significant difference in the increase 
in slippage between both groups from post-surgery to the final 
follow-up (p=0.562).

Using the numeric rating scale (NRS) scale, lower back pain 

showed a decrease from 4.9±1.3 preoperatively to 2.7±1.3 at 
the last follow-up in the MLS group, and from 4.3±1.5 pre- 
operatively to 1.4±1.5 at the last follow-up in the SLS group. 
Leg pain improved from 6.9±1.5 preoperatively to 2.5±1.3 at 
the final follow-up in the MLS group. In the SLS group, the 
radiating pain reduced from 6.2±1.4 preoperatively to 1.4±1.2 
at the final follow-up. The SLS group showed a greater decrease 
in axial and radiating pain VAS scores, but there was no statistical 
difference between the 2 groups.

DISCUSSION

Multiple level spondylolysis is extremely rare. Sakai et al.22) 
reviewed the CT scans of 2,000 Japanese people, and reported 
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that 5.9% had lumbar spondylolysis, and 0.3% (n=5) had multi- 
level pars defect. Ravichandran21) reported that 1.48% of patients 
complaining of back pain had multiple lysis. In our study, out 
of 762 surgically treated isthmic listhesis patients, 84 patients 
(11%) had multiple spondylolysis. We believe that since our 
research was not based on the general population, and the 
asymptomatic patients and non-surgically treated MLS patients 
were excluded, it showed higher percentage of multiple lysis 
patients than the previous reports. It is controversial whether 
multiple spondylolysis is more common in males or females14,30). 
In our study, there were more females (73.7%, 14/19) than 
males. Preliminary studies have stated that multiple lumbar 
lysis occurred mostly at L3-L5 levels14,30), which corroborates 
with our study.

The pars defect tends to progress through childhood and 
adolescence, but slows down later3,24). Slip progression does 
not show meaningful correlation with progression of symptoms; 
therefore, as long as there are no symptoms, the treatment of 
spondylolysis is unnecessary24). Usually, the axial and radiating 
pain can be controlled by conservative treatment, such as me- 
dication, physiotherapy, restriction of physical activity, use of 
brace, and selective nerve root blocks7,25). However, in patients 
experiencing uncontrollable pain even with supportive care, 
the development of neurological or functional disability, pro- 
gressive slip, and segmental instability are possible indications 
of surgery7,17,25). The optimal surgical option in isthmic listhesis 
is still under debate, but one of the most common treatments 
is decompression and fusion of the lytic segments7,16).

Various studies have reported that the surgical treatment 
of isthmic spondylolisthesis significantly improves functional 
outcomes1,7,16). Through many years of follow-up on surgically 
treated spondylolytic patients, numerous studies described the 
surgical results and degeneration of adjacent segments to fused 
vertebrae2,23,29). Age, genetic factors, high body mass index, 
multi-level fixation, insufficient lumbar lordosis, osteoporosis, 
and preoperative disc degeneration of the adjacent segment 
are known contributors of adjacent segment degeneration after 
spinal fusion surgery8,11,26).

The data on surgical treatment and prognosis in patients 
with MLS and listhesis is very scarce4,14,21,30). Currently there 
is no report on the natural course of spondylolysis adjacent 
to the surgically treated isthmic listhesis. Zhang et al.30) and 
Liu et al.14) expressed that no variance is needed in the treatment 
principle between multiple and single isthmic spondylolisthe- 
sis. Ravichandran21) described the surgical outcome of fusion 
in 4 patients with multi-level spondylolysis. Two patients under- 
went fusion for all the spondylolysis-affected levels, while the 
other two underwent segmental fusion that did not include 
all the lysis levels. The group that underwent treatment for 
all the levels had better results, and thus the authors concluded 
that radical fusion including all the lytic levels is recommended. 
Moreover, they mentioned that instability of the non-operated 
segment could have caused worse outcomes.

Our institute focused on factors that can be managed by 
the surgeon in order to improve the outcomes. As mentioned 
above, most of the lytic lesions are somewhat stable and asymp- 
tomatic, and the progression of listhesis slows down with 
time3,24). Therefore, we supposed that under strict indications 
based on the status of untreated spondylolysis, such as disc 
and facet joint degeneration, dynamic instability, or lumbo- 
pelvic alignment, lessening the fusion level could be a way 
of reducing perioperative complications or adjacent segment 
degeneration, eventually leading to better clinical outcomes.

We matched the radiological factors that could affect the 
degeneration of the neighboring segment after fusion surgery 
in the MLS and SLS groups. Thus, we compared the prognosis 
of the untreated non-fused lytic segment with that of the 
non-operated non-lytic segment. Some authors stated that grea- 
ter pelvic incidence and sacral slope could aggravate the devel- 
opment of lytic listhesis4). Few studies showed that lumbar 
lordosis is higher in patients with pars defect12), and the sacral 
table angle is related to the incidence of spondylolysis28). The 
result shown in Table 1 implies that there was no significant 
difference in the preoperative degeneration of the adjacent 
segment in either group.

In our cases, we evaluated the anterior and angular instability 
described by Niggemann et al.15) as the primary outcomes. 
There was a higher increase of angle motion in the MLS group, 
and greater slippage in the SLS group. We believe that factors 
such as bone marrow density and body mass index, which 
were not evaluated in our study, could have affected the results. 
Despite the disparity in increment of angular displacement 
and translation, there was no statistical significance in either 
group. This shows that instability at the adjacent lysis level 
is not increased as generally expected with respect to the non- 
lytic segment during the 2 years of postoperative follow-up. 
Clinically, the MLS group had higher preoperative NRS scores 
than the SLS group, but its clinical correlation with severity 
cannot be assessed based on our data. Lower back pain and 
leg pain improved in both groups after surgery, but no statistical 
difference in the decrease of NRS score was noticed at the 
last follow-up in both groups.

There was one revision case of a 55-year-old female patient 
in the MLS group. She had L4 and L5 lysis, and underwent 
selective surgery on L4/5 only, but needed additional surgery 
extending the fusion level to S1. Preoperatively, she complained 
of radiating pain in both legs corresponding to the L4 derma- 
tome. There were no symptoms or instability related to the 
adjoining untreated lysis preoperatively. Moreover, the MRI 
showed definite foraminal stenosis only at the L4/5 level with 
no significant stenosis at the L5/S1 level. Postoperatively, she 
complained of bilateral radiating pain corresponding to a der- 
matome level different from the preoperative one, presumably 
caused by the adjacent untreated spondylolysis level. Lumbar 
dynamogram displayed about 6° increase of segmental motion 
immediately after operation as compared with that before the 
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surgery, consequently leading to a rise of angular displacement 
from 9° to 15° indicating hypermobility.

This complication in the case indicates that despite no sig- 
nificant difference in the increase in instability from postsur- 
gery to the final follow-up in the MLS and SLS groups, the sur- 
gical procedure itself can cause hypermobility, making the 
adjacent segment vulnerable for additional operation. Thus, 
considering about 2.4° escalation of angular motion from before 
the surgery to after the surgery in the MLS group, selective 
fusion should be considered in patients who are estimated 
to have less than 10° of angular displacement postoperatively. 
This restriction may reduce the chances of additional surgery 
caused by instability.

There were several limitations in our study. The study was 
performed retrospectively, and the sample size was small, 
especially in patients with triple level lysis. The follow-up period 
was only about 2 years, which may not be sufficient to observe 
the long-term outcomes in both groups. In addition, differentia- 
ting the symptomatic level from asymptomatic level can be 
very vague and difficult in actual clinical practice. Moreover, 
using only the NRS score and dynamogram radiographs as 
the primary outcomes provided limited information for evalua- 
ting the intrinsic effect on the adjacent disc. The use of different 
types of cages and screws may have affected the postoperative 
radiological outcome. Other factors that were not evaluated 
in our study can have contributed to adjacent segment dege- 
neration. Further studies with longer follow-up data and more 
variables will give us clearer details regarding the fate of the 
surgically treated MLS patients. 

CONCLUSION

With strict narrow indications, selective fusion in patients 
with multiple spondylolysis could be a viable option without 
increasing the risk of adjacent segment degeneration. Additio- 
nally, a thorough preoperative evaluation is needed to prevent 
early surgical failure.
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