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Several surgical options are available for patients 
with degenerative lumbar scoliosis (DLS).2,12,15,16 The 
recommended surgery for DLS with a coronal curve 

of less than 30° is posterior decompression and short fu-
sion without correction of the curve.15 For a coronal curve 
of more than 30° that requires correction of global coronal 
balance, a long corrective fusion should be performed.16 
The classification of adult spinal deformity (Schwab adult 
deformity classification) is well established, easy to use, 
and consistent with the treatment of adult scoliosis.12 Some 
surgeons recommend performing fusion with instrumen-
tation to prevent curve collapse.4,18 However, the surgical 
treatment of DLS with stenosis in elderly patients is often 

challenging because these patients frequently have medi-
cal comorbidities, which are associated with higher com-
plication rates.12 DLS includes a diversity of symptoms, 
such as back pain, claudication, and neurological deficits. 
The management of DLS is characterized by significant 
variability because of the absence of a clear and evidence-
based approach to treatment. The appropriate indications 
for the optimal treatment of DLS have yet to be defined. 
We hypothesized that the outcome of decompression sur-
gery for mild DLS, based on our definition by radiological 
measurements of instability, would be as good as decom-
pression with limited fusion. We prospectively analyzed 
the clinical outcomes of surgical treatment for patients 
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OBJECTIVE  The aim of this study was to assess the usefulness of radiological parameters for surgical decision-making 
in patients with degenerative lumbar scoliosis (DLS) by comparing the clinical and radiological results after decompres-
sion or decompression and fusion surgery.
METHODS  The authors prospectively planned surgical treatment for 298 patients with degenerative lumbar disease be-
tween September 2005 and March 2013. The surgical method used at their institution to address intervertebral instability 
is precisely defined based on radiological parameters. Among 64 patients with a Cobb angle ranging from 10° to 25°, 
57 patients who underwent follow-up for more than 2 years postoperatively were evaluated. These patients were divided 
into 2 groups: those in the decompression group underwent decompression alone (n = 25), and those in the fusion group 
underwent decompression and short segmental fusion (n = 32). Surgical outcomes were reviewed, including preopera-
tive and postoperative Cobb angles, lumbar lordosis based on radiological parameters, and Japanese Orthopaedic As-
sociation (JOA) scores.
RESULTS  The JOA scores of the decompression group and fusion group improved from 5.9 ± 1.6 to 10.0 ± 2.8 and 
from 7.2 ± 2.0 to 11.3 ± 2.8, respectively, which was not significantly different between the groups. At the final follow-
up, the postoperative Cobb angle in the decompression group changed from 14° ± 2.9° to 14.3° ± 6.4° and remained 
stable, while the Cobb angle in the fusion group decreased from 14.8° ± 4.0° to 10.0° ± 8.5° after surgery.
CONCLUSIONS  The patients in both groups demonstrated improved JOA scores and preserved Cobb angles after 
surgery. The improvement in JOA scores and preservation of Cobb angles in both groups show that the evaluation of 
spinal instability using radiological parameters is appropriate for surgical decision-making.
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with mild DLS. All patients underwent decompression 
surgery with or without limited segmental fusion, de-
pending on radiological parameters for segmental spinal 
instability determined by preoperative coronal and lateral 
radiographs.

The purpose of this study was to compare the clini-
cal and radiological results of decompression alone versus 
decompression with short fusion for mild DLS and to as-
sess the usefulness of radiological parameters for surgical 
decision-making in these patients.

Methods
This study was approved by the ethics research board 

of the Yokohama City University School of Medicine. All 
patients provided informed consent for their participation 
in the study.

From a total of 298 patients in whom we prospectively 
planned surgical treatment for degenerative lumbar disease 
between September 2005 and March 2013 in our hospital, 
we chose patients with lumbar canal stenosis and mild 
DLS for this study. We excluded 223 patients without sco-
liosis or whose Cobb angle was less than 10°, as well as 11 
patients whose Cobb angle was more than 25°. Sixty-four 
patients whose Cobb angle ranged from 10° to 25° were 
enrolled in this study (Fig. 1), and we were able to moni-
tor 57 patients (89%) for a minimum of 2 years postop-
eratively. The surgical modality was determined based on 
the degree of spinal instability in the radiological findings. 

Radiological evaluation was performed based on function-
al lateral radiographs in a lateral decubitus position and 
anteroposterior lumbar radiographs in a standing position. 
A lateral view was obtained in the lateral decubitus posi-
tion because maximal-effort flexion-extension radiographs 
were obtained in the patient without pelvic restraint.1

The radiological parameters were measured manually 
on preoperative radiographs using digital calipers (Fig. 2). 
The dynamic parameters included segmental lordosis dur-
ing lumbar extension, anterior translation during flexion, 
posterior translation during extension, and disc wedging. 
Our definition of radiological intervertebral instability 
was based on the report by Aota et al.,1 which established 
5 criteria for intervertebral instability: 1) 15° or greater 
segmental range of motion, 2) 3 mm or greater anterior 
translation, 3) 3 mm or greater posterior translation in the 
sagittal plane, 4) 5° or greater disc wedging, and 5) 3 mm 
or greater lateral translation in the coronal plane (Fig. 2).1

All patients underwent neurological decompression. Pa-
tients who were 75 years or older whose spinal column met 
3 or more of the 5 parameters and patients younger than 75 
years whose spinal column met 2 or more of the param-
eters also underwent limited segmental fusion. Using these 
criteria, 25 patients underwent decompression alone and 
32 patients underwent decompression and fusion.

Operative Procedures
All patients underwent decompression surgery at the 

FIG. 1. Patient sampling and selection. Flowchart illustrating the enrollment of patients into the study. Patients with degenerative 
lumbar scoliosis (Cobb angle 10°–25°) with a minimum follow-up of 2 years are included and divided into 2 surgical groups. The 
patients in the decompression group (n = 25) and the patients in the fusion group (n = 32) are then analyzed.
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identified level of spinal stenosis. In the decompression 
group, 19 patients underwent fenestration by a lumbar 
spinous process–splitting technique, and 6 patients under-
went conventional fenestration.

Seventeen patients underwent a 1-level decompression, 
6 patients had a 2-level, and 2 patients had a 3-level decom-
pression. In a lumbar spinous process–splitting technique, 
the lamina was exposed by longitudinally splitting the spi-
nous process into halves, while muscular and ligamentous 
attachments to the spinous process remained intact. This 
procedure allows better visualization and a wider working 
space while minimizing damage to the posterior lumbar 
supporting structures.19 In the fusion group, all patients 
underwent thorough decompression, followed by transfo-
raminal lumbar interbody fusion (TLIF) of the affected 
level(s). Sixteen patients underwent a 1-level fusion, 15 pa-
tients a 2-level, and 1 patient a 3-level fusion. The pedicle 
screws were compressed along a lordotic rod to restore 
lumbar lordosis, although the realignment of spinal im-
balance was not attempted while performing instrumenta-
tion.

We obtained Japanese Orthopaedic Association (JOA) 
scores for all patients both preoperatively and at the final 
follow-up. The JOA score is a clinical evaluation scoring 
system for low-back pain syndrome, including subjective 

symptoms, clinical signs, restrictions in activities of daily 
living, and urinary bladder function. We used a modifi-
cation of the JOA score, omitting the section on the re-
striction of activities of daily living for this study (Table 
1).13 A normal score is 15 points. The recovery rate was 
calculated using the following formula: recovery rate (%) 
= (postoperative JOA score - preoperative JOA score)/(15 
- preoperative JOA score) × 100.

We also evaluated patient radiographs. Anteroposterior 
and lateral radiographs obtained preoperatively, postop-
eratively, and at final follow-up were reviewed. Both Cobb 
angle and lumbar lordosis were assessed. Lumbar lordosis 
was measured as the angle between the inferior endplate 

TABLE 1. Portion of the scoring system of the JOA for low-back 
pain (JOA score)

Symptoms & Signs Score

Subjective symptoms
  Low-back pain
    None 3
    Occasional, mild 2
    Occasional, severe 1
    Continuous, severe 0
  Leg pain &/or tingling
    None 3
    Occasional, slight 2
    Occasional, severe 1
    Continuous, severe 0
  Gait
    Normal 3
    Able to walk >500 m but results in symptoms 2
    Unable to walk >500 m 1
    Unable to walk >100 m 0
Clinical signs
  Straight leg–raise test
    Normal 2
    30°–70° 1
    <30° 0
  Sensory disturbance
    None 2
    Slight disturbance (not subjective) 1
    Marked disturbance 0
  Motor disturbance
    Normal 2
    Slight weakness (MMT 4) 1
    Marked weakness (MMT 0–3) 0
Urinary bladder function
  Normal 0
  Mild dysuria −3
  Severe dysuria −6

MMT = manual muscle testing.
In the JOA evaluation system for low-back pain syndrome (JOA score), a score 
of 15 is classified as normal.

FIG. 2. Illustrations representative of radiographs used for evaluating 
spinal instability.  A: Functional lateral radiographs in flexion and exten-
sion are obtained in the lateral decubitus position; measurements of 
segmental range of motion in the sagittal plane (a), anterior translation 
with flexion (b), and posterior translation with extension (c).  B: Antero-
posterior radiographs in a standing position; measurements of disc 
wedging (d) and lateral translation (e).
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of T12 and the superior endplate of S1. We also evaluated 
surgical complications and additional surgeries related to 
complications.

Statistical analysis was performed using IBM SPSS 
(version 24, IBM Corp.). We used paired and unpaired t-
tests. The level of significance was defined as p < 0.05.

Results
Radiological intervertebral instability was measured 

for 85 segments in 57 patients. In the coronal plane, disc 
wedging was most common and seen in 61 segments 
(72%), followed by lateral translation in 52 segments 
(61%). In the sagittal plane, rotational mobility was seen in 
34 segments (40%), followed by anterior translation in 28 
(33%), and posterior translation in 7 (8%).

The mean age of the patients who underwent decom-
pression alone was 73 ± 7.1 years (Table 2). There were 
14 men and 11 women in the decompression group. The 
mean ± SD age of the patients who underwent decompres-
sion and fusion was 68 ± 9.0 years. There were 12 men and 
20 women in the fusion group.

The mean preoperative JOA scores for the decom-
pression group and fusion group were 5.9 ± 1.6 and 7.2 ± 
2.0, respectively (Fig. 3). The JOA scores improved sig-
nificantly to 10 ± 2.8 and 11.3 ± 2.8, respectively, at final 
follow-up. The net change in both groups after surgery did 
not differ significantly. The recovery rates were 45% and 
53%, respectively, and there was no statistically significant 
difference between the groups.

The preoperative Cobb angles of the decompression 
group and fusion group were 14° ± 2.9° and 14.8° ± 4.0°, 
respectively (Fig. 4). The postoperative Cobb angles were 
13.2° ± 4.7° and 8.5° ± 6.1°, respectively, and the Cobb 
angles at the final follow-up were 14.3° ± 6.4° and 10.0° 
± 8.5°, respectively. The postoperative Cobb angle of the 
decompression group did not progress significantly during 
the follow-up period. Complications, such as nerve injury, 

infection, or hematoma, were not observed. Two patients 
in the decompression group underwent a second opera-
tion. One patient developed anterior translation and rota-
tory instability of the decompressed level, the L3–4 level 
on radiographic evaluation, and complained of lumbar 
back pain and claudication 6 months after decompression 
surgery. The patient underwent TLIF of the affected level 
1 year after the decompression surgery. Another patient 
developed intervertebral disc protrusion at the decom-
pressed level without radiological instability. The patient 
underwent discectomy 1 year after the decompression sur-
gery.

The Cobb angle in the fusion group decreased signifi-
cantly immediately after surgery and did not progress un-
til final follow-up. The Cobb angle in the decompression 
group did not change immediately after surgery and did 
not progress during the follow-up period. Lumbar lordosis 
in both groups did not change significantly after surgery 
(Fig. 5).

In the fusion group, 2 patients developed a deep infec-
tion in the early postoperative phase and underwent surgi-
cal debridement. One patient who underwent TLIF from 
L3 to L5 developed lower adjacent-segment degeneration 
and complained of low-back pain and claudication. The 
patient underwent additional fusion surgery at the L5–S1 
level 1 year after the first operation. One patient who un-
derwent TLIF from L3 to L5 developed upper adjacent-
segment degeneration and complained of low-back pain. 
The patient underwent additional fusion surgery at the 
L2–3 level 1 year after the first operation.

Discussion
A diagnosis of DLS with lumbar spinal stenosis makes 

surgical decision-making difficult because DLS can ex-
hibit various neurological symptoms and complex coronal 
and sagittal findings on radiographs. Surgical options for 
mild DLS include decompression alone or decompres-
sion and limited fusion within the deformity. Surgical re-

TABLE 2. Comparison of demographic and clinical 
characteristics of 57 patients treated with decompression and 
fusion for DLS

Decompression 
Group

Fusion  
Group

p 
Value

No. of patients 25 32
Sex, n (%)
  Male 14 (56%) 12 (38%)
  Female 11 (44%) 20 (62%)
Mean age at op in yrs 

(range)
73 ± 7.1 (61–86) 68 ± 9.0 (40–81) <0.05

Mean follow-up period 
in mos

66 ± 30 60 ± 26.7 NS

Mean preop Cobb angle 14 ± 2.9° 15 ± 4.0° NS
Mean preop JOA score 5.9 ± 1.6 7.2 ± 2.0 <0.05
Mean preop lumbar 

lordosis
27.5 ± 13.4 27.8 ± 15.2 NS

NS = not significant.
Mean values are presented as the mean ± SD. 

FIG. 3. Mean JOA scores in the decompression and fusion groups 
(preoperatively and at final follow-up). The mean JOA scores show sig-
nificant improvement postoperatively in both groups. Data are presented 
as the mean ± SD. *p < 0.05. Pts = points.
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alignment of the deformity is necessary for severe DLS. 
Several factors, including instability, must be considered 
when choosing the optimal surgical method. In this study, 
we focused on coronal curve progression after surgical 
treatment of mild DLS using our radiological instability 
criteria.

Simmons suggested that the neural elements as well 
as the stability and alignment of the vertebral column are 
important in deciding surgical treatment in patients with 
spinal stenosis associated with DLS.16 Neglect of either of 
these components will lead to inadequate results and less 
than ideal clinical outcomes. However, the optimal surgi-
cal treatment is unclear. Postacchini and Gupta reported 
that decompression surgery alone can be performed in pa-
tients with minor curves and no back pain.7,14 Some authors 
have suggested that simple decompression is sufficient, 
provided that there is no significant kyphosis, olisthesis, or 
back pain because surgery can lead to further collapse, in-
stability, continued back pain, and exacerbation of neural 
symptoms.16,18 Daubs et al. reported that decompression 
with limited fusion for mild DLS prevents early return of 
stenotic symptoms compared with decompression alone 
and recommended limited fusion for mild DLS.5 Liu et al. 
reported that it is preferable to perform fixation and fusion 
in conjunction with decompressive laminectomy when 2 
or more segments are involved, and that, although simple 
decompression is indicated for a small number of patients, 
posterior fixation and fusion is necessary for most.11 Fra-
zier et al. demonstrated a clear association between pre-
operative spinal deformity and poor outcomes following 
decompression surgery, regardless of whether concurrent 
fusion was performed.6 Many authors have suggested that 
short or long fusion is necessary for DLS after decompres-
sion. On the other hand, in a study by Hosogane et al., in 
which patients with DLS were retrospectively divided into 
2 surgical decompression groups depending on postopera-

tive curve progression, there were no significant differenc-
es in revision rates between the groups regardless of curve 
progression, and none of the patients required arthrodesis 
due to curve progression.9

Chen et al. reported that decompression alone is ap-
propriate for patients with moderate stenosis affecting up 
to 2 spinal levels and smaller curves, provided that there 
is no evidence of progression or sagittal imbalance, while 
decompression with limited fusion is appropriate when 
patients have moderate or severe stenosis affecting 3 or 
more levels, smaller curves, no progression of deformity, 
no imbalance, and no more than moderate risk factors for 
suboptimal outcomes.3 We hypothesized that further col-
lapse, instability, and curve progression would not occur 
in patients in the decompression group, whose surgical 
treatment was determined based on our radiological pa-
rameters. In this study, the average lumbar curve progres-
sion in the decompression group was 1.2°. No patient in 
this group demonstrated Cobb angle progression greater 
than 10°, and the Cobb angle in the decompression group 
did not progress significantly after surgery.

In previous reports, reoperation rates after decompres-
sion surgery for spinal stenosis have varied from 5% to 
23%. Hansraj et al. reported that only 5% of patients re-
quired reoperation during a 5-year follow-up period, and 
Katz et al. reported that 23% of patients required revision 
surgery 7 to 10 years after decompression for lumbar ca-
nal stenosis.8,10 In the decompression group, 2 patients 
underwent a second surgery, although only 1 patient (4%) 
underwent a second surgery with instrumentation due to 
instability of the previously decompressed level. Most pa-
tients did not show further collapse or instability. The pa-
tients who underwent a lumbar spinous process–splitting 
technique versus open fenestration showed the same net 
change in JOA score and an equally maintained Cobb an-
gle after surgery. Early-phase complications did not occur 
in the patients in this group. In the fusion group, 2 patients 
developed surgical site infections and underwent surgical 
debridement in the early phase. Two patients exhibited 
adjacent-segment degeneration and underwent additional 

FIG. 4. Mean Cobb angle in the decompression and fusion groups (pre-
operatively, postoperatively, and at final follow-up). This graph shows 
that the postoperative Cobb angle in the decompression group does not 
progress significantly during the follow-up period. The Cobb angle in the 
fusion group decreases significantly immediately after the surgery and 
does not progress significantly during the follow-up period. There is no 
significant postoperative progression of the Cobb angle in either group. 
Data are presented as the mean ± SD. *p < 0.05; **not significant.

FIG. 5. Mean lumbar lordosis in the decompression and fusion groups 
(preoperatively, postoperatively, and at final follow-up). There is no 
significant change in lumbar lordosis in either group after surgery, nor 
is there a statistical difference in lordosis between the groups. Data are 
presented as the mean ± SD. **not significant.
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surgeries. The complication rate in the decompression 
group was lower than that in the fusion group. The high 
infection rate and adjacent-segment degeneration in the fu-
sion group might be due to the long operative time and use 
of instrumentation.

Transfeldt et al. compared the results of different sur-
gical methods in patients who underwent decompression 
alone, decompression with limited fusion, and decompres-
sion with full curve fusion.17 They reported that the group 
receiving decompression alone had the lowest rate of com-
plications and the best Oswestry Disability Index results, 
whereas the satisfaction was lowest in the decompression-
only group.

In this study, the JOA score improved in both groups, 
and the recovery rate based on the JOA score showed no 
difference between the groups. The patients assigned to the 
decompression group using our radiological parameters 
did well after surgery from the standpoint of radiological 
and clinical progression. The results of this study indicate 
that the evaluation of spinal instability by radiological pa-
rameters is appropriate for surgical decision-making.

One limitation is that the study does not evaluate wheth-
er the curve progressed, or whether the clinical outcomes 
and risk of complications of decompression surgery alone 
were appropriate for patients with positive radiological in-
stability criteria and mild DLS. Furthermore, there is lim-
ited information on complications due to the small sample 
size, and further studies are needed to discuss whether fu-
sion is required or decompression alone is appropriate for 
radiologically unstable segments.

Conclusions
This prospective study of patients with mild DLS treat-

ed by different surgical methods showed good results for 
both methods. The results of this study indicate that the 
radiological evaluation of spinal instability is appropriate 
for surgical decision-making.
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