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Abstract
Background: For Grade I degenerative lumbar spondylolisthesis (DLS), both decompression alone and 
decompression with fusion are effective surgical treatments. Which of the two techniques is superior 
is still under debate. The purpose of this study was to compare clinical outcomes after decompression 
alone versus decompression with fusion for Grade  I DLS. Materials and Methods: 139  patients 
who underwent surgery for Grade  I DLS at L4-L5 were prospectively enrolled. Decompression 
alone was used to treat 74 patients, and decompression with fusion was used to treat 65 patients. Six 
patients in the first group and four patients in the second group were lost during the 2-year followup. 
Demographic data were recorded. Operation time, perioperative blood loss, total blood transfusion 
volume, and length of hospital stay were compared between the two groups. Back pain and 
functional outcomes were evaluated using the visual analog scale  (VAS) and the Oswestry Disability 
Index  (ODI), respectively. Results: Baseline demographic data were not different between the two 
groups. Operation time, blood loss, total blood transfusion volume, and length of hospital stay were 
all significantly greater in the fusion group than in the decompression group. This would be expected 
because fusion is the more invasive procedure. VAS scores were not different up until 6  months 
postoperatively. Twelve months after surgery, however, VAS scores were significantly lower in the 
fusion group. The same results were shown in terms of ODI. Although ODI decreased in both groups 
over time, the fusion group showed better functional outcomes than did the decompression group. 
Conclusions: Although both decompression alone and decompression with fusion improved functional 
outcomes for Grade I DLS, fusion surgery resulted in better results compared to decompression alone. 
Therefore, fusion should be considered as the treatment of choice for Grade I DLS.
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Introduction
Degenerative lumbar spondylolisthesis (DLS) 
is a condition in which one lumbar vertebra 
slips forward onto the adjacent vertebra 
without any defect or dysplasia of the neural 
arch. This typically develops after the age of 
50 years, is disproportionately more common 
in women than in men, and most commonly 
affects the L4-L5 level.1 Iguchi et  al. found 
an incidence of 8.7% in an Asian population.2 
There have been few studies about the natural 
course of DLS. A 10-18-year followup study 
of 145 nonsurgical cases by Matsunaga et al. 
reported that 49  cases  (34%) showed the 
progression of the slip.3 The slip, however, 
rarely exceed 30% of the anteroposterior 
length of the adjacent vertebra.

Patients with DLS usually present with 
three symptoms, mechanical back pain, 

radicular pain, and neurogenic claudication. 
Low back pain and buttock pain may also 
be experienced, because of instability 
produced by the degeneration of disc 
and facet joints. Radicular pain including 
sensory or motor deficits in the affected 
nerve root may be generated by direct 
compression or inflammation of the nerve 
root.4 Neurogenic claudication results from 
concomitant stenotic conditions such as 
hypertrophy of the ligamentum flavum, disc 
protrusion, and osteophytes.

In symptomatic patients, which treatment 
is the best remains an open question. 
Conservative treatment consists of various 
medications, physiotherapy, and injections.5 
Surgical treatment is considered when 
conservative treatment fails unless the initial 
symptoms consisted of serious neurological 
deficits. The mainstay of surgical treatment 
is decompression for the alleviation of 
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neurological symptoms. The additional fusion surgery is 
optional and is generally performed for back pain caused 
by instability. However, there has long been a debate about 
whether fusion is necessary, especially for low-grade DLS.6-10

This prospective study analyzes the surgical results between 
decompression alone and decompression with fusion in 
Grade I DLS and compare their clinical outcomes during a 
2 years followup.

Materials and Methods
From January 2009 to December 2012, patients who were 
scheduled to undergo surgical treatments in our institute 
for symptomatic Grade  I DLS at L4-L5 and had no 
previous history of surgery at this level were enrolled after 
providing informed consent. This study was approved by 
our Institutional Review Board. Preoperative radiographic 
evaluating including lumbar spine plain radiographs with 
dynamic radiographs and magnetic resonance imaging 
was performed routinely. Patients with definite angular 
instability (>15°) or translational instability (>3 mm) at the 
index level were excluded before the enrollment. Before 
surgery, all patients were counselled of the procedure, 
advantages, and disadvantages of the two surgical 
methods  (decompression and decompression with fusion), 
and then chose their surgical method by themselves. One 
hundred thirty-nine patients underwent decompressive 
laminectomy alone (n = 74) or decompressive laminectomy 
with fusion  (n  =  65) for symptomatic Grade  1, DLS 
at L4L5. We included patients in which conservative 
treatment failed for more than 3  months. Patients who 
were lost to followup before 2  years postoperatively were 
excluded from the data analysis; this consisted of 6 patients 
in the decompression group and 4  patients in the fusion 
group. Finally, 61  patients in the fusion group  (Group A) 
and 68  patients in the decompression group  (Group  B) 
were analyzed.

When performing a decompressive laminectomy, partial 
facetectomy, <50% of the inferior articular processes in 
the transverse dimension, and foraminotomy according to 
the extent of radiculopathy were performed, and both facet 
joints were preserved. Circumferential fusion was used, as 
a combination of instrumentation using pedicle screws, 
posterolateral fusion with an autologous iliac bone graft, and 
posterior lumbar interbody fusion using a titanium cage filled 
with a local bone graft. All surgeries were carried out in the 
same manner by one experienced spinal surgeon. Several 
surgical factors, including operation time, blood loss, total 
blood transfusion volume, and hospital stay were recorded. 
The incidence rates of intra/postoperative complications, such 
as nerve root injury, dural tearing, infection, re-operation, 
and re-admission were compared between the two groups. 
Postoperative back pain and functional outcomes were 
quantified by the visual analog scale  (VAS) and Oswestry 
Disability Index (ODI), respectively, at 1, 3, 6, 12, 18, and 
24 months postoperatively.

Statistical analysis

Statistical analysis was performed using SPSS 21.0 
(SPSS Inc., Chicago, IL, USA). Results are expressed as 
mean  ±  standard deviation. The data were analyzed by 
Student’s t-test and P  <  0.05 was considered significantly 
significant.

Results
Baseline demographic data of the patients in the two groups 
were not significantly different [Table 1].

All operative data, including mean operative time, volume 
of blood loss, total blood transfusion volume, and hospital 
stay were statistically significantly greater in Group A than 
in Group  B  [Table  2]. This result was expected because 
fusion is a more invasive procedure than laminectomy 
alone and thus, increased operation time, bleeding, and 
length of hospital stay are inevitable.

Operative complications

In Group  A, one patient experienced an unintentional 
durotomy, which was repaired easily. Two cases of 
postoperative superficial infection occurred during the 
hospital stay in each group. Two patients who underwent 
fusion presented no radiologic evidence of union until 
1 year postoperatively.

Postoperative back pain and functional outcomes

VAS scores for back pain were not significantly 
different between the two groups at postoperative 1, 3, 
and 6  months. However, at the 12  months followup, 
group  A had lower VAS scores than did Group  B, and 
statistical differences were noted at postoperative 12 and 
24  months (but not 18  months) [Table  3 and Figure  1]. 
ODI showed a similar pattern to VAS, demonstrating 

Table 1: Patient demographics
Variables Group A (n=61) Group B (n=68) P
Age (year) 66.75±8.77 65.47±9.03 0.746
Sex (male:female) 14:47 15:53
Followup (months) 27.45±4.39 29.62±7.39 0.101
BMD (T score) −2.0±1.0 −2.2±1.1 0.412
BMI (kg/m2) 22.01±4.85 20.92±5.47 0.621
Statistical significance was measured by the Student’s t‑test. P<0.05 
is significant and is shown in bold. BMD=Bone mineral density, 
BMI=Body mass index

Table 2: Operative data
Variables Group A 

(n=61)
Group B 
(n=68)

P

Operative time (min) 78.35±11.92 55.09±12.16 0.002
Blood loss (ml) 420.02±36.11 180.05±21.10 <0.001
Total blood transfusion (cc) 48.37±10.08 45.47±9.98 <0.001
Hospital stay (days) 10.47±2.40 8.24±12.04 0.006
Statistical significance was measured by the Student’s t‑test. 
P<0.05 is significant and is shown in bold
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with DLS.15 An association of DLS with collagen IX 
tryptophan alleles was also reported.16

The optimal management of DLS remains controversial. 
If neurologic impairments are absent, conservative 
treatment is recommended at first. In general, patients 
with degenerative lumbar diseases including DLS respond 
partly to conservative treatment. A  long term followup 
study (10-18-year followup) of patients with DLS treated 
conservatively, conducted by Matsunaga et al.3 showed that 
76% of the patients with low back pain did not experience 
a worsening of their condition over time because of 
re-stabilization of the vertebrae involved. On the other 
hand, most of the patients who initially presented with 
neurological symptoms, including intermittent claudication 
or vesicorectal disorders, experienced deterioration of their 
symptoms.

Weinstein et al. demonstrated quite convincingly that patients 
with DLS treated surgically showed substantially greater 
improvement in terms of pain and functional outcomes 
than did patients treated nonsurgically13,17 Several surgical 
options for DLS have been introduced: decompression 
alone, decompression with fusion, dynamic stabilization, 
and distraction using lumbar interspinous spacers.18 There 
is a consensus that decompression is the mainstay of 
surgical treatment for DLS, as for other degenerative lumbar 
diseases, but a debate about the benefits of additional 
instrumented fusion in cases of low grade  (Meyerding I) 
DLS is still underway. The opinion of advocates for fusion 
is that spondylolisthesis inherently involves instability. 
The theoretical basis of this opinion is the pathologic 
cascade from disc degeneration to spinal stenosis proposed 
by Kirkaldy-Willis.11,19 Two randomized controlled trials 
supported that fusion produces superior outcomes to 
decompression alone.6,7 Other reports also demonstrated 
that fusion is associated with better outcomes.8,10,20,21 Recent 
biomechanical studies, on the other hand, have shown that 
cases of DLS do not always involve instability.22,23 Several 
studies have reported that decompressive laminectomy alone 
produced good to excellent results in select subjects, like 
in elderly patients without dynamic instability.9,24 However, 

Figure 2: A graph showing that the functional outcomes during 2 years 
after surgery are shown by Oswestry Disability Index. While no difference 
is observed until 6 months, significant between-group difference appears 
after postoperative 12 months. § Means statistical significance (P < 0.05)

better outcomes in Group A from postoperative 12 months 
onward [Table 4 and Figure 2].

Discussion
The etiology of DLS has been investigated but remains 
unclear. The degenerative cascade proposed by 
Kirkaldy-Willis et  al. in 1978 is believed to be involved 
in the pathophysiology of spinal degenerative diseases, 
including DLS.11 Disc degeneration leads to segmental 
instability in both the coronal and sagittal planes. Then, 
anterolisthesis, retrolisthesis, or lateral listhesis may 
occur. Various biomechanical studies on slippage have 
been done.12-14 Studies attempting to identify physiological 
causes have also been conducted. Ha et  al. found higher 
estrogen receptor expression in the facet joints of patients 

Table 3: Comparison of average visual analog scale for 
back pain at the given postoperative time points

Postoperative month Group A (n=61) Group B (n=68) P
1 5.45±1.19 4.63±1.31 0.514
3 4.46±1.14 4.79±1.04 0.158
6 4.25±1.02 4.02±1.00 0.225
12 3.85±0.73 4.36±1.11 0.033
18 2.74±1.02 4.07±1.26 0.297
24 1.79±1.18 4.51±2.04 0.010
Statistical significance was assessed with the Student’s t‑test. P<0.05 
is significant and is shown in bold

Table 4: Comparison of average Oswestry Disability 
Index at the given postoperative time points

Postoperative month Group A (n=61) Group B (n=68) P
1 48.04±14.85 45.51±15.57 0.838
3 40.24±15.49 40.68±15.82 0.746
6 35.25±16.11 33.23±16.30 0.605
12 32.93±13.09 37.97±16.98 0.036
18 28.46±12.34 37.20±15.60 0.292
24 24.43±10.71 36.54±17.04 0.049
Statistical significance was assessed with the Student’s t‑test. P<0.05 
is significant and is shown in bold

Figure 1: A graph showing that the pain levels during 2 years after surgery 
are shown by Visual Analog Scale. While no difference is observed until 
6 months, significant between-group difference appears after postoperative 
12 months. § Means statistical significance (P < 0.05)
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delayed instability and increased reoperation rate have been 
reported after decompression alone for Grade  1 DLS,25 
and one patient who underwent decompression showed 
postoperative slip progression  [Figure  3]. Most spinal 
surgeons increasingly prefer to perform decompression and 
fusion together for DLS.26,27

Clinical outcomes of this study support the notion that 
fusion surgery is superior to decompression alone. VAS 
for back pain and ODI were similar between groups 
until 6  months postoperatively, but the fusion group 
had better functional outcomes than the decompression 
group beginning 1  year postoperatively. We believe 
that our results stem from the natural fusion process. 
Solid fusion of the spine is known to begin 6  months to 
1  year postoperatively.28,29 In this study, the patients who 
underwent fusion showed a dramatic decline in VAS and 
ODI after 1  year, whereas the others did not. However, it 
should be noted that operation time, blood loss, transfusion 
volume, and hospital stay were all significantly greater in 
Group A than in Group  B. With an increase in operation 
time, there is a potentially greater risk of infection. In 
addition, fusion may have nonunion as a complication, 
whereas that is not possible with decompression alone. 
Although the fusion group did undergo protracted and 
more complicated surgeries, they did not have greater rates 
of severe complications.

This study had some limitations. First, this was not a 
randomized trial. Second, radiological parameters which 
could have affected the outcomes were not investigated. 
Third, the followup period was relatively short. Prospective 
randomized controlled trials with long term followup 
periods are necessary to make the evidence stronger.

Conclusion
Although both decompression alone and decompression 
with fusion improved functional outcomes for Grade I DLS, 
fusion showed better results than decompression alone 
after 1 year postoperatively. Surgery-related complications, 
including increased blood loss, longer hospital stay, and 
nonunion were associated with fusion, but no serious 
complications occurred in either group. Decompression 
with fusion may thus be considered as the first option for 
Grade I DLS.
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