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Analysis of Factors Contributing to Postoperative Spinal Instability

after Lumbar Decompression for Spinal Stenosis
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Objective: Decompressive laminectomy is one of the most commonly used surgical methods for the treatment of spinal 
stenosis. We retrospectively examined the risk factors that induce spinal instability, including slippage (spondylolisthesis) 
and/or segmental angulation after decompressive laminectomy on the lumbar spine.
Methods: From January 1, 2006 to June 30, 2010, 94 consecutive patients underwent first-time single level decompressive 
laminectomy without fusion and discectomy. Of these 94 patients, 42 with a follow-up period of at least 2 years were selected. 
We measured the segmental angulation and slippage in flexion and extension dynamic lumbar radiographs. We analyzed 
the following contributing factors to spinal instability: age/sex, smoking history, disc space narrowing, body mass index (kg/ 
m2), facet joint tropism, effect of the lordotic angle on lumbar spine, asymmetrical paraspinal muscle volume, and surgical 
method and level.
Results: Female patients, normal lordotic angle, and asymmetrical paraspinal muscle volume were factors more significantly 
associated with spondylolisthesis (p-value=0.026, 0.015, <0.01). Statistical results indicated that patients with facet tropism 
were more likely to have segmental angulation (p-value=0.046). Facet tropism and asymmetry of paraspinal muscle volume 
were predisposing factors to spinal instability (p-value=0.012, <0.01).
Conclusion: Facet joint tropism and asymmetry of paraspinal muscle volume are the most important factors associated with 
spinal instability; therefore, careful follow-up after decompressive laminectomy in affected patients is necessary.
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INTRODUCTION

Lumbar spinal stenosis is recognized with increasing fre-
quency as a cause of low back pain and lower extremity pain, 
and is a degenerative disease that most often requires surgery 
in elderly patients. Laminectomy is a commonly used surgical 
method. The occurrence of spinal stenosis may increase with 
advancing age. However, approximately one-third of surgi-
cally treated patients are not satisfied with the outcome of 
surgerys7,17). Decompressive laminectomy appears to reduce 
pain and restore function in many patients, and the procedure 
is probably associated with an acceptably low rate of complica-
tions22). Patients with symptomatic spinal stenosis treated sur-
gically maintain substantially greater improvement in pain and 

function over a 4-year period than those treated nonsurgically23). 
However, the optimal surgical treatment method is not clear. 
Maintaining spinal stability is important after surgical treat-
ment, although the occurrence of spinal instability is not cor-
related with clinical outcomes6). The purpose of this study 
was to investigate the factors that contribute to spondylolis-
thesis and segmental angulation.

MATERIALS AND METHODS

From January 1, 2006 to June 30, 2010, 94 consecutive 
patients underwent first-time single level decompressive lam-
inectomy without fusion and discectomy of the lumbar spine. 
We excluded patients in whom revision surgery or other lum-
bar surgical procedures had been performed. Patients with 
preoperative instability were also excluded. Decompressive 
laminectomy was performed with preservation of the facet 
joint. We selected 42 patients with a follow-up period of at 
least 2 years. We analyzed the following contributing factors 
to spinal instability: age/sex, smoking history, osteoporosis on 
bone mineral density, disc space narrowing, previous surgery 
on an orthopedic joint (hip, knee, or ankle), body mass index 
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(kg/m2), facet joint tropism, effect of the lordotic angle on 
the lumbar spine, paraspinal muscle volume asymmetry, and 
surgical method and level. Preoperative and postoperative ra-
diographic examinations were performed in 42 patients. Using 
dynamic lumbar radiographs, we measured the preoperative 
and postoperative segmental angulation and degree of slip-
page in flexion and extension. To determine the amount of 
sagittal rotation angle, lines were drawn between the anterior 
and posterior borders of the end plate on flexion-extension 
lateral views. The sum of each angle between two lines was 
defined as the sagittal rotation angle in the segment5). More 
than 3 mm of slippage was defined as postoperative spondy- 
lolisthesis. More than 15° of sagittal rotation angle was defined 
as segmental angulation in the laminectomized segment5,6). 
Spinal instability was thought to have occurred if any one of 
these factors was observed. There was no postoperative mor-
tality and neurologic deterioration. Three patients underwent 
reoperation. One of patient underwent discectomy and the 
other had subtotal laminectomy because of canal restenosis. 
Only 1 patient showed signs of symptomatic spinal instability. 
Therefore, this patient underwent spinal fusion with instru- 
mentation.

Patient Characteristics

The 42 patients were 38 men and 4 women. The mean age 
was 67.5 years (range, 38-81 years). There were 18 patients 
who smoked and 24 who did not; only 2 patients with osteo-
porosis and had undergone preoperative orthopedic joint 
surgery. Because of the small number of patients, statistical 
analysis was not performed. The body mass index (BMI) was 
calculated and divided by 25.

Radiologic Assessment

The lordotic angle was determined at the intersection of 
the lines at the level of the inferior plateau of T12 and the 
superior plateau of S1, Cobb’s method, in the neutral position. 
Normal lordotic angle was defined between 31° and 50°. Facet 
joint tropism is defined as an asymmetry of the left and right 
vertebral facet joint angles, with 1 joint having a more sagittal 
orientation than the other10,15). We regarded facet tropism as 
a >10° difference in the facet joint angles between the right 
and left sides10). The volume of the paraspinal muscle was 
defined as the cross-sectional area, thickness, and width of 
the multifidus muscle on the magnetic resonance imagingslice 
parallel to the disc space on the surgical level4,19). The volume 
of the multifidus muscle was defined by manual tracing of 
the fascial boundary of the muscles at both sides by using 
m-view image-analysis software (5.4 version, Marotech Inc.). 
Paraspinal muscle volume asymmetry was defined as a >10% 

difference between the right and left sides.

Surgical Method and Level

The surgical method comprised subtotal laminectomy, bi-
lateral partial hemilaminectomy, and unilateral partial hemi-
laminectomy (including bilateral decompression). Thirty-six 
patients were operated upon at the L 4-5 level.

Statistical Analysis

Statistical analyses were performed using Fisher’s exact test 
to compare the occurrence. A p value of less than 0.05 was 
considered significant.

RESULTS

Occurrence of Spondylolisthesis

Spondylolisthesis occurred in 9 patients (21.4%). Six pa-
tients were men and 3 were women. Female patients were 
more prevalent than male patients (75.0% and 15.8%, respe- 
ctively). Spondylolisthesis was more common in patients aged 
>65 years (27.3% versus 15.0%). Patients who smoked and 
those with obesity (body mass index> 25) had more prevalent 
spondylolisthesis (27.8% versus 16.7% in those who smoked 
and those who did not respectively, and 25.0% versus 18.2% 
in obese and nonobese patients, respectively). Post-operative 
spondylolisthesis developed in all patients with a normal lor-
dotic angle and those who underwent laminectomy at the L 
4-5 level. Patients with facet joint tropism and disc space nar-
rowing had more prevalent spondylolisthesis (33.3% and 16.7 
% in those with and without facet joint tropism, respectively; 
36.4% versus 16.1% in those with and without disc space 
narrowing, respectively). Patients with asymmetrical of para-
spinal muscle volume had statically more frequent spondylo-
listhesis (p-value <0.01). The patients who underwent sub-
total laminectomy had spondylolisthesis more often than bi-
lateral partial hemilaminectomy and unilateral laminectomy
(27.3%, 25.0%, and 8.3%, respectively). However, all factors 
were not found to be correlated with the occurrence of spon- 
dylolisthesis. Female patients and those with a normal lordotic 
angle more often had spondylolisthesis (p-value= 0.026, and 
0.015, respectively) (Table 1).

Occurrence of Segmental Angulation

Segmental angulation occurred in 6 male patients (14.3%). 
The patients aged <65 years were more likely to have segmen-
tal angulation (13.6% versus 15.0% in older and younger pa-
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Table 1. Prognostic factors relating to occurrence of spondylolisthesis

  
Spondylolisthesis

(n=9)
Non-spondylolisthesis 

(n=33)
p-value

Sex Male 6 32 0.026
 Female 3  1
Age More than 65 6 16 0.278
 Less than 65 3 17
Smoking (+) 5 13 0.311
 (―) 3 20
Body mass index More than 25 5 15 0.319
 Less than 25 4 18
Lordotic angle 31°- 50° 9 19 0.015
 31°< or >50° 0 14
Facet tropism (+) 4  8 0.216
 (―) 5 25
Disc space narrowing (+) 4  7 0.163
 (―) 5 26
Asymmetry of paraspinal muscle (+) 6  4 <0.001

(―) 3 29
Level L4-5 9 27 0.211
 L2-3, 3-4, L5-S1 0  6
Operative method Subtotal laminectomy 6 16 0.278
 Bilateral or unilateral partial laminectomy 3 17

Table 2. Prognostic factors relating to occurrence of segmental angulation
  Angulation (n=6) Non-angulation (n=36) p-value
Sex Male 6 32 0.526
 Female 0  4
Age More than 65 3 19 0.620
 Less than 65 3 17
Smoking (+) 3 15 0.519
 (―) 3 21
Body mass index More than 25 2 18 0.379
 Less than 25 4 18
Lordotic angle 31°-50° 2 26 0.407
 31°< or >50° 2 12
Facet tropism (+) 4  8 0.046
 (―) 2 28
Disc space narrowing (+) 1 10 0.497
 (―) 5 26
Asymmetry of paraspinal muscle (+) 2  8 0.626

(―) 4 26
Level L4-5 5 31 0.629
 L2-3, 3-4, L5-S1 1  5
Operative method Subtotal laminectomy 4 18 0.379
 Bialteral or unilateral partial laminectomy 2 18

tients, respectively). Segmental angulation was more prevalent 
in those who smoked (16.7% versus 12.5% in patients who 
smoked and those who did not, respectively). Obese patients 
and those with a normal lordotic angle had segmental angula-
tion less often (10.0% versus 18.2% in obese and nonobese 
patients, respectively; 7.1% versus 14.3% in those with a nor-
mal and abnormal lordotic angle, respectively). Patients with 
facet joint tropism had segmental angulation more often (33.3 
% versus 6.7% in those with or without facet joint tropism, 

respectively). Patients with asymmetrical paraspinal muscle 
volume had segmental angulation more frequently (20.0% 
versus 12.5% in those with/without asymmetry), but the diffe- 
rence was not statistically significant. Patients who underwent 
subtotal laminectomy had segmental angulation more often 
than bilateral partial hemilaminectomy and unilateral lamine- 
ctomy (18.2%, 12.5%, and 8.3%, respectively). Patients with 
facet joint tropism were more likely to have segmental angula-
tion statistically (p-0.046) (Table 2).
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Table 3. Prognostic factors relating to occurrence of spinal instability
  Instability (n=15) Non-instability (n=27) p-value
Sex Male 12 26 0.121
 Female 3  1
Age More than 65  9 13 0.340
 Less than 65 6 14
Smoking (+)  8 10 0.242
 (-) 7 17
Body mass index More than 25  7 13 0.591
 Less than 25 8 14
Lordotic angle 31°-50° 11 17 0.095
 31°< or >50° 2 12
Facet tropism (+)  8  4 0.012
 (-) 7 23
Disc space narrowing (+)  5  6 0.333
 (-) 10 21
Asymmetry of paraspinal muscle (+)  8  2 <0.001

(-) 7 25
Level L4-5 14 22 0.287
 L2-3, 3-4, L5-S1 1  5
Operative method Subtotal laminectomy 10 12 0.145
 Bialteral or unilateral partial laminectomy  5 15  

Occurrence of Spinal Instability (Spondylolisthesis 
and/or segmental angulation)

Spinal instability occurred in 15 patients (35.7%). Twelve 
patients were men and 3 patients were women. Spinal insta- 
bility occurred more often in patients aged >65 years (40.9% 
versus 30.0%), and was more prevalent in those who smoked 
(44.4% versus 29.2%). Spinal instability was more prevalent 
in patients with facet joint tropism and disc space narrow-
ing(66.7% versus 23.3%, and 45.5% versus 32.3%, respecti- 
vely). Spinal instability was also more prevalent in with asym-
metrical paraspinal muscle volume (p-<0.01). Patients who un-
derwent subtotal laminectomy had spinal instability that oc-
curred more often than bilateral partial hemilaminec- tomy 
and unilateral laminectomy (45.5%, 37.5%, and 16.7%, respe- 
ctively). Facet joint tropism was the only predisposing factor 
to spinal instability statistically (p-0.012) (Table 3).

DISCUSSION

Lumbar spinal stenosis is major reason for back pain and 
claudication with advancing age. The natural course of lumbar 
spinal stenosis fluctuates and is not necessarily progressive. 
Management of this condition is by conservative treatment 
and decompression using various methods. Positive results for 
both treatments were maintained for 2-4 years23).

Bilateral and unilateral laminotomy allowed adequate and 
safe decompression of lumbar stenosis, resulting in a highly 
significant reduction of symptoms and disability, and im-

proved health-related quality of life21). Total laminectomy is 
preferable for patients with severe degenerative stenosis or 
marked degenerative spondylolisthesis14). Posterior decom-
pression without fusion with instrumentation is safe and effec-
tive11,12,13,18), but approximately one-third of surgically treated 
patients were not satisfied with the outcome7). Decompressive 
laminectomy alone rather than fusion can be considered, if 
there is no overt instability for patients with lumbar spinal 
stenosis at ≥2 levels18). Bilateral laminotomy was found to 
be associated with significantlyimproved outcome parameters 
compared to those of unilateral laminotomy and laminectomy 
during a minimum follow-up period of 12 months21).

Regular analgesic use for ≤12 months and cessation of 
smoking led to good postoperative functional improvement. 
Age ≤75 years and no previous lumbar surgery were predi- 
ctive of good postoperative outcomes1). Multiple laminectomy 
was thought to be a risk factor for poor outcome5). Patients 
with a <4-year preoperative duration of symptoms, no pre-
operative back pain,and absence of other conditions affecting 
walking tended to have better surgical outcomes9). Leg pain 
lasting more than 2 years and low preoperative function pre-
dicted poor clinical outcome. A narrow dural sac area was 
predictive of greater improvement in terms of back pain17). 
One study showed no definite clinical or radiological factors 
that preoperatively predict patients at risk for poor outcomes3).

Low bone mineral density, small intervertebral discs and 
absence of osteophytes could predict the possible develop-
ment of instability following laminectomy2). A sagittal rotation 
angle >10° would indicate the possibility of a poor outcome5). 
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Occurrence or progression of instability seems to be associated 
with the resection of the posterior spinal elements rather than 
the disc6). Instability is affected by the surgical procedure rath-
er than the follow-up period6). In our study, the patients who 
underwent subtotal laminectomy were more likely to experi-
ence spinal instability than bilateral and unilateral lamine- 
ctomty, but the difference was not statistically significant. The 
incidence of instability at the surgical level in patients aged 
<60 years was significantly higher in cases of wide lamine- 
ctomy than in those of partial laminectomy. A partial lam-
inectomy is preferred to prevent postoperative instability. 
Unilateral laminectomy for bilateral decompression can result 
in satisfactory decompression and tolerable clinical outcome8). 
The significance of postoperative spondylolisthesis is not enti- 
rely clear. Postoperative spondylolisthesis could be avoided 
by a more limited decompression, or by fusion of the segment 
at the time of surgery. Sagittal facet joint orientation and a 
reduced coronal facet joint dimension before decompression 
are associated with development of postoperative spondy- 
lolisthesis. Furthermore, there is an association between well- 
maintained disc height and postoperative spondylolisthesis16). 
In vitro, segmental instability is less likely to develop in the 
presence of posterior complex integrity than in a lumbar spine 
with a destroyed anchoring point for the supraspinous liga- 
ment. Under flexion motion, intervertebral displacement of 
the laminectomy at decompression level L4-L5 was greater 
than that in intact or bilateral laminotomy specimens in vitro20). 
In our study, the patient who underwent discectomy during 
the follow-up period had subtotal laminectomy at L4-5.

Preservation of paraspinal muscles and decreased incidence 
of injury to muscle is the most important factors associated 
with a positive effect on long-term clinical outcome4,19). Our 
study showed that asymmetry of the paraspinal muscles also 
influenced the occurrence of postoperative instability.

Facet tropism was not associated with the occurrence of 
facet joint osteoarthritis or degenerative spondylolisthesis10). 
Facet tropism was also not associated with postoperative in-
stability2,10). However, our study demonstrated that facet trop-
ism was associated with segmental angulation, not spondy- 
lolisthesis.

The retrospective study design, relatively small number of 
patients, and short follow-up periods can be considered limi-
tations of our study. More than one-third patients progress 
to spinal instability, but only 1 patient underwent spinal fusion. 
Therefore, the relationship between postoperative spinal in-
stability and the related symptoms should be evaluated.

CONCLUSION

Facet joint tropism and asymmetry of paraspinal muscle 

volume are the most important factors affecting spinal insta- 
bility. Patients with facet joint tropism and asymmetrical para-
spinal muscle volume should be followed up more carefully 
than other patients after decompressive laminectomy.
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