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SSttuuddyy DDeessiiggnn:: A retrospective study

PPuurrppoossee:: To assess the radiographic progression of degenerative lumbar scoliosis after short segment decompression and

fusion without deformity correction.

OOvveerrvviieeww ooff LLiitteerraattuurree:: The aims of surgery in degenerative lumbar scoliosis are the relief of low back and leg pain along

with a correction of the deformity. Short segment decompression and fusion can be performed to decrease the level of low

back and leg pain provided the patient is not indicated for a deformity correction due to medical problems. In such circum-

stance, the patients and surgeon should be concerned with whether the scoliotic angle increases postoperatively. 

MMeetthhooddss:: Forty-seven patients who had undergone short segment decompression and fusion were evaluated. The average

follow-up period was more than 3 years. The preoperative scoliotic angle and number of fusion segments was 13.6±3.9�

and 2.3±0.5, respectively. The preoperative, postoperative and last follow-up scoliotic angles were compared and the time of

progression of scoliotic angle was determined.

RReessuullttss:: The postoperative and last follow-up scoliotic angle was 10.4±2.3�and 12.1±3.6�, respectively. In eight patients,

conversion to long segment fusion was required due to the rapid progression of the scoliotic angle that accelerated from 6 to

9 months after the primary surgery. The postoperative scoliosis aggravated rapidly when the preoperative scoliotic angle

was larger and the fusion was extended to the apical vertebra.

CCoonncclluussiioonnss:: The scoliotic angle after short segment decompression and fusion was not deteriorated seriously in degenera-

tive lumbar scoliosis. A larger scoliotic angle and fusion to the apical vertebra are significant risk factors for the acceleration

of degenerative lumbar scoliosis.
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Introduction

Degenerative lumbar scoliosis is one of the most common

causes of low back and leg pain in the aged population.

Vanderpool et al.1, in the early stage of their active research

on degenerative lumbar scoliosis, reported that asymmetric

compression of the vertebrae by metabolic bone diseases,

such as osteoporosis and osteomalacia, were the causes of

scoliosis. However, since it has been disclosed that there is

no difference in the bony quality of adults that had suffered

from adolescent idiopathic scoliosis, the etiological theory

on degenerative lumbar scoliosis has been highlighted

again, and degeneration of the intervertebral disc and



arthrosis of facet joint have been publicized as the outset of

such manifestations2-4. 

Degenerative lumbar scoliosis is a unique disease entity

in the aged population, and usually manifests as osteoporo-

sis and a variety of medical co-morbidities. Therefore, the

surgical outcome is not always promising, in that many sur-

geons manage this disease in a conservative manner. How-

ever, in degenerative lumbar scoliosis, a wide range of neu-

rological symptoms manifest through the supervening of

spondylolisthesis, lateral listhesis, rotary subluxation and

spinal stenosis along with an imbalance in the coronal and

sagittal plane of the vertebrae. Therefore, surgeons must

make a decision as to whether to perform surgery.

Therefore, the aim of surgical treatment is to reduce

lower back and radiating pain in the lower extremities along

with a correction of the deformity. That is, a deformity cor-

rection and long segment fusion for the correction of an

imbalance in the coronal and sagittal plane of the vertebrae

are necessary, and include decompression of the corre-

sponding regions in accordance with the extent of neural

compression5,6.

Before surgery, the state of health and daily lifestyle of

the patient must be considered sufficiently in conjunction

with the main symptoms and radiological abnormal findings

of the patients. If long segment fusion is not possible or rec-

ommended in accordance with the overall state of the

patient, then short segment decompression and fusion

should be executed in a limited manner by focusing on a

decrease in low back pain and leg pain. However, in such

cases, the change in scoliotic curvature will accelerate after

short segmentation decompression and fusion5,7. According-

ly, this study examined the changes in the scoliotic curva-

ture retrospectively and deduced the factors that accelerate

curvature in cases in whom only short segment decompres-

sion and fusion were carried out without a deformity correc-

tion for degenerative lumbar scoliosis.

Materials and Methods

Among the patients with degenerative lumbar scoliosis

with a Cobb’s angle >10�in the whole spine standing pos-

teroanterior radiograph, 117 patients, who had received

short segmentation decompression and fusion that did not

exceed the apical vertebra and <3 segments during the peri-

od from March 2004 to March 2006, were collected. Of

these 117 patients, 47 patients who were observed for more

than 3 years were finally selected as subjects. 

The average follow-up duration was 3.4±0.6 (3 to 5)

years, and the average age of the patients was 65.9 (45 to

81) years. The subjects consisted of 12 males and 35

females. 

The apical vertebra was L2, L3 and L4 in 5, 33 and 9

patients, respectively. The fusion level was L4-5 in 3

patients and L5-S1 in 1 patient in one segment fusion, L3-5

in 19 patients and L4-S1 in 12 patients in two segments

fusion, and L1-4 in 1 patient, L2-L5 in 2 patients and L3-S1

in 9 patients with three segments fusion. The average num-

ber of levels fused was 2.3±0.5 (Table 1).

As surgical methods, decompression of the area that

induced the clinical symptoms was carried out. Fixation

was performed using a pedicle screw. With regard to the

fusion methods, posterolateral fusion was performed in 7

patients, while posterior lumbar interbody fusion using a

cage was performed in 40 patients.

Fusion over the apical vertebra was not carried out, and

the scoliotic curvature on the coronal plane was measured

using the Cobb’s angle on the whole spine standing pos-

teroanterior radiographs as soon as possible after surgery (2

weeks after surgery), 3 months, 6 months and 9 months

after surgery, and at last follow-up. In addition, changes in

the scoliotic curvature and wedging of the upper adjacent

disc of the apical vertebra were recorded and analyzed. The

time for the resumption of curve progression was forecasted

in this manner. 

With regard to statistical analysis, a paired t-test was car-

ried out to determine the value prior to surgery and each

period using SPSS ver. 11.0 (SPSS Inc., Chicago, IL, USA).
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Table 1. Summary of data

Level No.

Apical vertebra L2 5
L3 33
L4 9

No. of fusion segments 1 segment 4
L4-5 3
L5-S1 1

2 segment 31
L3-5 19
L4-S1 12

3 segment 12
L1-4 1
L2-5 2
L3-S1 9



Statistical significance was defined as p<0.05.

Results

1. Changes in the scoliotic curvature

The results after an average follow-up of 3.4±0.6 years

indicated that the mean scoliotic angle changed from 13.6±

3.9�, prior to surgery to 10.4±2.2�as soon as possible after

surgery (2 weeks), to 10.8±3.4�, 10.7±3.4�, and 11.9±

3.2�at 3, 6, and 9 months after surgery, respectively, and

12.1�±3.6�at the last follow-up. Statistical analysis of

these values showed significant improvement in scoliotic

curvature at all periods compared to that before surgery (as

soon as possible after surgery, and 3, 6, and 9 months after

surgery [p<0.01], and at the last follow-up [p=0.05]). How-

ever, when comparing the value as soon as possible after

surgery with that 3 and 6 months following surgery, there

was no significant change. A significant loss of correction

began to occur from 9 months after surgery (p<0.01) (Table

2, Figs. 1 and 2).

Although it is difficult to correct the scoliotic curvature

through decompression and fusion of the short segment, it is

possible to obtain a certain degree of curvature correction

by performing the appropriate level of compression after

fixation with a pedicle screw, and in posterior lumbar inter-

body fusion using a cage. In addition, it was possible to

make the wedged disc parallel, thereby obtain a correction

of curvature (Fig. 3).

2. Changes in the disc wedging angle

The wedging angle of the upper adjacent disc of apical

vertebra prior to surgery was measured, and their average

values changed from 1.80±1.7�prior to surgery to 2.10±

1.6�as soon as possible after surgery, to 2.39±1.6�, 2.61

±1.5�, and 2.64±1.5�at 3, 6, and 9 months following

surgery, respectively, and to 2.86±1.8�at the last follow-

up. Statistical analysis showed a significant increase in the

disc wedging angle at all periods compared to that prior to

surgery, and was as that taken as soon as possible after

surgery (p<0.01). However, there was no significant

increase in the disc wedging angle after 6 months following

surgery (p>0.05) (Table 3).

3. Analysis on complications and revision

Among the 47 patients, loosening of the pedicle screw

was observed in 18 patients and a compression fracture of

the upper adjacent vertebra occurred in 2 patients. Although

nonunion was suspected in 18 patients with a loosening of

the pedicle screw, revision was not decided due to nonunion

or loosening of the pedicle screw. 

In 8 cases, conversion to long segment fusion was per-

formed due to the rapid progression of scoliotic curvature

along with a recurrence of severe low back pain. In the case

of 8 cases of revision, the mean scoliotic angle before

surgery was 16.4±5.4�, which was higher than the overall

average. The mean angle of corrected scoliotic angle after
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Table 2. Statistics in variation of Cobb’s angle (paired t-test) 

Mean SD p-value

Pre - IPO 3.16 3.44 0.00
Pre - PO3 2.70 3.53 0.00
Pre - PO6 2.87 3.09 0.00
Pre - PO9 1.63 3.02 0.01
Pre - last 1.56 3.59 0.05
IPO - 1PO3 -0.47 2.82 0.26
IPO - PO6 -0.29 2.52 0.44
IPO - PO9 -1.53 2.53 0.00
IPO - last -1.60 2.64 0.00

SD: standard deviation.
Pre, IPO, PO3, PO6, PO9, last: Cobb’s angle at preoperative,
immediately postoperative, postoperative 3-, 6-, 9-months and
last follow-up period.

Table 3. Statistics in variation of disc wedging (paired t-test) 

Mean SD p-value 

Pre - IPO -0.31 1.25 0.104
Pre - PO3 -0.59 1.47 0.009
Pre - PO6 -0.81 1.38 0.000
Pre - PO9 -0.85 1.53 0.001
Pre - last -1.06 2.00 0.001
IPO - PO3 -0.29 0.92 0.041
IPO - PO6 -0.51 1.05 0.002
IPO - PO9 -0.54 1.13 0.002
IPO - last -0.75 1.50 0.001
PO3 - PO6 -0.22 0.61 0.017
PO3 - PO9 -0.26 0.78 0.030
PO3 - last -0.47 1.20 0.011
PO6 - PO9 -0.03 0.50 0.645
PO6 - last -0.24 1.13 0.151
PO9 - last -0.21 0.90 0.120

SD: standard deviation.
pre, IPO, PO3, PO6, PO9, last: Disc wedging angle at preoper-
ative, immediately postoperative, postoperative 3-, 6-, 9-
months and last follow-up period.



surgery was 12.8±2.3�, which is also poorer improvement

compared to the overall average. The mean scoliotic angle

prior to the revision was 15.4±3.6�. Three patients had an

upper adjacent fracture, and the remainder had upper adja-

cent segment disease. The fusion levels were L3-5, L4-S1

and L3-S1 in 3, 4 and 1 patient, respectively. Specifically,

Hwang et al. Degenerative Lumbar Scoliosis after Short Segment Decompression and Fusion / 61

Fig. 1. (A, B) A 68 year-old female has degenerative lumbar scoliosis with a scoliotic curve and disc wedging of 15�
and 2.7�, respectively, at the L1-2 level. (C, D) Posterior decompression and posterolateral fusion were performed.
The postoperative Cobb’s angle and disc wedging is 11�and 3.2�, respectively. (E, F) One year after short segment
fusion, the Cobb’s angle and disc wedging are increased to 16�and 4.1�, respectively. Compression fracture of L1
and screw breakage and loosening of L5 are noted.

B CA
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there is a trend for rapid progression of the scoliotic curva-

ture from 6 to 9 months, which is even more serious when

the scoliotic angle is larger before surgery and if the upper

end of the fusion corresponds to the apical vertebra in the

fusion of 2-3 segments.

Discussion

Degenerative changes and facet arthrosis are the etiology

of degenerative lumbar scoliosis. Kobayashi et al.3, in their

study on the prevalence of degenerative lumbar scoliosis,

reported that a lateral osteophyte >5 mm and disc wedging

>3�were risk factors for degenerative lumbar scoliosis, and

found these to be the most important factors for the degen-

erative changes in the intervertebral disc. In addition, one

must be concerned with facet arthrosis along with spondy-

lolisthesis, lateral listhesis and rotary subluxation in estab-

lishing a treatment for degenerative lumbar scoliosis.

Surgical methods of degenerative lumbar scoliosis can be

defined as decompression, deformity correction and fusion 5,6.

However, either all or some of these are carried out according

62 / ASJ: Vol. 3, No. 2, 2009

Fig. 2. (A, B) A 69 year-old female has degenerative lumbar scoliosis with a scoliotic curve and disc wedging of 15�
and 1.2�, respectively, at the L2-3 level, and degenerative spondylolisthesis L4 on L5. (C, D) Posterior decompres-
sion and posterior lumbar interbody fusion are performed. The postoperative Cobb’s angle and disc wedging was 7�
and 1.8�, respectively. (E, F) Three years after short segment fusion, the upper adjacent segments shows severe
degeneration with disc space narrowing and vacuum phenomenon and compression fracture of L1. The Cobb’s angle
and disc wedging increased to 14�and 2.7�respectively. (G, H) Revision up to L1 body was performed and the
Cobb’s angle improved to 10�.

B CA D

E F G H



to the medical condition and daily lifestyle of the patient. 

Simmons8 reported that simple decompression is not rec-

ommended because it may aggravate the instability particu-

larly in the apex of the curvature. However, they performed

decompression at the apex of the deformity, which was

approximately lateral listhesis or spondylolisthesis. This can
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Fig. 3. (A, B) A 64 year-old female with degenerative lumbar scoliosis with a scoliotic curve and disc wedging of
13�and 3.1�, respectivelyat the L2-3 level. (C, D) Posterior decompression, posterior lumbar interbody fusion and
posterolateral fusion were performed. The postoperative Cobb’s angle and disc wedging was 3�and 1.1�, respective-
ly. (E, F) Two years after short segment fusion, the Cobb’s angle and disc wedging were not changed significantly.

B CA
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be considered if it is to be applied to areas below the apical

vertebrae. However, Kim et al.9 reported that the lower lum-

bar region is important in the occurrence of degenerative

lumbar scoliosis, and its risk must always be considered to

be an abnormal load always applied to the lower portion of

the scoliotic curvature.

Secondly, Tribus reported that short segment decompres-

sion and fusion can be attempted in cases without coronal or

sagittal imbalance10. He asserted that this method is indicat-

ed if the scoliotic curvature is small or spondylolisthesis

and lateral listhesis is not severe, and that fusion should be

performed for the areas that have undergone decompres-

sion. This study examined the effects of short segment

decompression and fusion within 3 segments performed on

the selected patients. The scoliotic angle was within 15�,

which are relatively small angles, and there was no imbal-

ance in the coronal and sagittal planes. Patients who require

a deformity correction and long segment fusion due to the

large angle were excluded. The level of correction of the

scoliotic angle after surgery was 26%, which is similar to

the values reported by Cho et al.5. A significant increase in

scoliotic curvature after surgery began from 9 months after

surgery, and was more definite if the scoliotic angle was

large before surgery or fusion was stopped at the apical ver-

tebra. Therefore, in order to prevent acceleration of the sco-

liotic curvature, fusion must not be stopped at the segment

that still has a deformity. Rather, fusion must be performed

to also include the upper segments. In addition, the correla-

tion between the symptoms of the patients and time of the

acceleration of the scoliotic curvature should be considered

at the follow up patient that underwent short segment

fusion.

Finally, deformity correction and long segment fusion is

appropriate for patients with a large Cobb angle or sagittal

imbalance. This method is recommended as the principle of

degenerative lumbar scoliosis treatment. However, fusion of

the long segment and additional surgery for anterior support

might increase the surgery time, cause significant blood

loss, prolong the hospitalization time and result in detrimen-

tal medical complications, with an occurrence of 41 to 62%

depending on the researchers8,11-13. Therefore, such a method

is often inappropriate if the patient is old and/or in poor

health, or has a lifestyle of sitting on the floor in Korea and

those living in rural areas. Accordingly, the reality in Korea

is that deformity correction and long segment fusion cannot

be used concurrently in all patients.

Ha et al.14 whose research involved similar subjects, fol-

low-up periods and fusion levels to this study stated that

decompression is essential and lateral listhesis must also be

fixed in order to prevent the progression of scoliosis in the

proximal segment. However, the research by Ha et al.14

involved a mixture of cases in whom broad decompression

and ensuing correction of deformation were carried out and

cases in whom the decompression of short segmentation

and fusion were performed. Therefore, there is a slight dif-

ference between this research and others in that correction

of the deformity was made and the cases were considered

together without focus on a correction of the deformation.

Nonetheless, regardless of the intentions for deformity cor-

rection, their results are similar to these from the perspec-

tive that the deformity accelerates if there is lateral listhesis. 

Although disc wedging has been presented as the etiology

of degenerative lumbar scoliosis, there is no definitive

research on the change in disc wedging after surgery. How-

ever, Ha et al.14 reported that although disc wedging

improved after surgery and became even more severe dur-

ing the follow-up, these were not statistically significant. In

this study, the disc wedging angle continued to increase at

all periods after surgery compared to that before surgery,

and the difference was statistically significant up to 6

months after surgery (p<0.05). However, it showed a slow-

ing of rate of increase after 6 months following surgery, but

these changes were not statistically significant (p>0.05).

Therefore, more research with a sufficient follow-up obser-

vation and a greater number of cases will be necessary.

Regarding the complications, loosening of the pedicle

screw was observed in 18 of the 47 patients. Twelve

patients had loosening of the pedicle screw in the fusion at

L5-S1 (4 patients with posterolateral fusion and 8 patients

with posterior lumbar interbody fusion). In this study, the

posterior approach was performed in all cases, and postero-

lateral fusion or posterior lumbar interbody fusion was also

used. As a result, approximately 25% of patients showed

nonunion at L5-S1.

Bridwell et al.15 reported that if fusion is performed up to

L5 then degenerative changes can progress from L5-S1, and

if fusion is performed up to S1, then there is an increase in

nonunion of the lumbosacral region. Cho et al.5 reported

similar results and degenerative changes of the lower seg-

ment, and that nonunion is more frequent in long segment

fusion. This study examined the changes in the radiographi-

cal indices, including the progression of scoliotic curvature

and changes in disc wedging, without investigating the

changes in the upper or lower adjacent segments. However,
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if the clinical indices are to be researched together, this

issue must be included because there is an increase in revi-

sion due to upper and lower adjacent segment problems. In

addition, since there are definitive biomechanical differ-

ences between fusion up to L5 and fusion of the lumbo-

sacral region16, a comparative study on the natural history of

each would be an excellent research topic in the future. 

Conclusions

Short segment decompression and fusion could correct

scoliotic curvature, even though the degree was small,

through appropriate compression following fixation with a

pedicle screw and the correction of disc wedging by a cage

in posterior lumbar interbody fusion. However, almost all

cases showed allowable re-progression of the scoliotic cur-

vature and disc wedging to different extents. Re-progression

resumed approximately 6 to 9 months after the index

surgery, and the extent of progression depended upon the

degree of scoliotic angle before surgery.

In addition, a larger scoliotic angle before surgery and

fusion up to the apical vertebra the accelerated scoliotic cur-

vature rapidly, thereby highlighting precautions.

In general procedures of short segment decompression

and fusion of degenerative lumbar scoliosis, it is difficult to

state that cases without compressive fixation reflect the nat-

ural history after surgery because a certain extent of

changes in scoliotic angle, i.e., small localized correction of

curvature, is a process that always occurs. This study

focused on changes in scoliotic curvature after short seg-

ment decompression and fusion, rather than the natural his-

tory of degenerative lumbar scoliosis. 

However, this study had the limitation of a relatively

short follow-up period as observed on the progression of

degenerative lumbar scoliosis. Therefore, a re-evaluation

should be performed after a long-term follow-up.
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