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Background: The objective of this study is to evaluate the factors influencing the outcome of back pain 
and disability in patients operated for lumbar stenosis without instability and deformity using two classical 
surgical techniques: decompression alone and decompression plus fusion.
Methods: This is a retrospective cohort study of patients who underwent lumbar surgery with standard 
posterior decompression or standard posterior decompression plus pedicle screw fixation for degenerative 
lumbar stenosis without deformity, spondylolisthesis or instability at our department from June 2010 to 
January 2014. They were divided into two groups: decompression group (D) and decompression-fusion 
group (F). We analyzed the following factors: age, gender, levels of stenosis, pre-surgical “micro-instability”, 
and post-surgical “micro-instability”.
Results: A total of 174 patients were enrolled in the study. Both Graphic Rating Scale (GRS) and Oswestry 
Disability Index (ODI) scores were significantly decreased after surgery (P<0.001). Female patients appeared 
to have lesser improvements from surgery, for both D and F groups. An analysis of variance using the 
decrease of pain (GRS pre-post) as dependent variable and type of surgery, age, gender and their interaction 
as factors showed that the main effects of type of surgery and gender were significant. The analysis of 
variance for the decrease of pain (GRS) and disability (ODI) according to the levels of stenosis showed a 
significant interaction for GRS scores. Female patients that underwent fixation surgery reported the least 
improvement in disability. A significant interaction was found on the one-way analysis of variance for the D 
group without pre-surgical micro-instability using post-surgical micro-instability as factor.
Conclusions: Our study supports posterior decompression alone as the gold standard option as treatment 
for lumbar stenosis without instability and deformity. Additional fusion should be considered only to prevent 
post-surgical instability. The “micro-instability” is a radiological finding that has its clinical surrogate but 
is not able to guide the choice of the type of surgery. Moreover the significance of “micro-instability” is 
still unclear. We suggest a prospective study following patients with asymptomatic micro-instability to 
definitively understand the clinical history.
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Introduction

Degenerative lumbar spinal stenosis describes a condition 
in which there is diminished space available for the neural 
and vascular elements in the lumbar spine, secondary 
to degenerative changes in the spinal canal (1). Recent 
randomized trials have shown that surgery is more effective 
than non-operative treatment for patients with lumbar 
stenosis (2). Surgical options include decompression 
and decompression plus fusion. Decompression alone is 
suggested for patients not affected by back pain without 
instability. Lumbar fusion is considered appropriate in 
patients with concomitant spondylolisthesis (3).

The indications for fusion in patients  without 
concomitant spondylolisthesis have not been clarified (4). 
There is evidence indicating that patients with lumbar 
stenosis, without deformity or instability, treated with 
wide decompression or facetectomy may suffer from 
iatrogenic lumbar instability (5). Dynamic X-rays in 
flexion and extension is used by some authors to detect 
a “hidden” lumbar instability (6), but it is still unclear 
how to consider and treat it. In this article we use the 
terms of “hidden spondylolisthesis”, “dynamic instability” 
or “micro-instability” as synonyms indicating the minor 
spondylolisthesis detectable at the flexion-extension X-ray 
but not present on static imaging. The objective of this 
study is to analyze the results in patients operated for 
lumbar stenosis without instability and deformity. 

Materials and methods

Participants in this study include consecutive patients 
undergoing surgery for degenerative lumbar stenosis 
without deformity, spondylolisthesis or instability at our 
Department from June 2010 to January 2014. Patients 
undergoing standard posterior decompression or standard 
posterior decompression plus pedicle screw fixation were 
eligible for recruitment. All the patients underwent clinical 
examination, 3T-MRI scan, CT scan and static and dynamic 
X-ray for preoperative assessment.

Inclusion criteria were: pre-operative midsagittal 
spinal canal diameter of 12 mm or less on CT scan, 
ongoing symptoms for a minimum of 12 weeks with 
no improvement to conservative treatment. Exclusion 
criteria were: congenital, traumatic and neoplastic lumbar 
stenosis, spondylolisthesis (on static X-ray), lumbar scoliosis 
(Cobb>10°), previous lumbar surgery, other types of 
operations (endoscopic decompression, anterior interbody 

fusions, interspinous devices etc.). Recruited patients were 
divided into two groups: Decompression group (D) and 
Decompression-Fusion group (F).

Setting

An independent spinal surgeon reviewed clinical records 
and neuroimaging (3T-MRI scan, CT scan and static and 
dynamic X-ray) of the selected patients. All the patients 
underwent static and dynamic X-ray. Dynamic X-ray 
was executed in both standing and recumbent position, 
obtaining a maximal movement of both flexion and 
extension. Patients were assigned to the “micro-instability” 
group if they presented a sagittal translation ≥4 mm or ≥8% 
and a sagittal rotation ≥10° in L1–L5 and ≥ 2° in L5–S1 (as 
widely accepted by many authors) (7).

All the patients were interviewed by a psychologist for 
evaluation of lumbar back pain and disability on June 2015. 
Back pain was assessed by the Graphic Rating Scale (GRS) (8); 
Disability by the Oswestry Disability Index (ODI) 2.0 (9). 

We analyzed the following factors: age, gender, levels 
of stenosis, pre-surgical “micro-instability”, post-surgical 
“micro-instability”.

Statistical analysis plan

We conducted t-tests to analyze if the variations of Pain 
and Disability were related to the surgical operation. Two 
analyses of variance were conducted to verify the results 
of the types of surgery and their interaction with age and 
gender. The Age factor was obtained dividing the total ages 
of patients into three classes: under 65 years old (adult), 
from 65 to 75 (young-old) and over 75 (old).

Two analyses of variance were used to investigate the 
effect of surgery on the decrease of Pain and Disability 
according to the levels of stenosis, pre-surgical micro-
instability and post-surgical micro-instability. Four 
categories based on the number of levels involved were 
created (1, 2, 3 and 4 or more levels).

Finally, we conducted two analyses of variance within two 
groups: decompression (D) and decompression/fusion (F).

The level of significance for all analyses was chosen at 
P<0.05. Statistical interpretation of the data was executed 
using SPSS v19 software (SPSS Inc., Chicago, Illinois, USA).

Results

We analyzed a cohort study according to the STROBE 
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guidelines (10). The analysis was conducted through 
outpatient visit and clinical records evaluation. The follow-
up ranged from 18 to 60 months [mean 38.56 months; 
standard deviation (sd) =9.72]. Among 312 patients 
undergoing surgery for lumbar stenosis, 69 were excluded 
since they were affected by concomitant spondylolisthesis or 
scoliosis, 44 were excluded as they were treated with other 
techniques, 6 died for other causes and 19 were missing or 
refused to participate (Figure 1).

A total of 174 patients were enrolled in the study. There 
were 93 males (53.4 %) and 81 females (46.6 %), with a 
mean age of 65.29 (sd=10.0). The range of follow up was 
from 18 to 60 months (mean 38.56 months; sd=9.72).

The pre-surgical micro-instability was observed in 
72 cases (41.4%), 50 (69.4%) female and 22 (30.6%) 
male (Figure 2). About 102 patients (58.6 %) reported no 
abnormal movements on dynamic X-ray. Decompression 
(D) was executed in 82 cases (47.1%); 41 (50%) were 
female with a mean age of 68.22 (sd=9.49) and 41 (50%) 
patients were male with a mean age of 64.66 (sd=8.36). 
Decompression-Fusion (F) was executed in 92 cases (52.9%); 
52(56 %) were female with a mean age of 65.20 (9.68) and 
40 (40.3%) were male with a mean age of 64.43 (sd=9.72).

In the post-surgical period, 20 (24.4%) D group 
patients had vertebral micro-instability; 11 (26.8%) were 
female and 9 (22%) male. Among F group patients, only 
3 (5.8%) had vertebral micro-instability; all of them 
were female. All these patients had post-surgical micro-
instability in the vertebra just above the fixation (junction 
syndrome).

No difference between D and F groups was observed in 
terms of pre-surgical GRS {M =7.45, sd=0.15 and M=7.53, 
sd=0.14 respectively for D and F group patients, F [1,172] 

=0.154, P=0.69}. The composition of the sample in terms of 
age and gender, and the distribution of these indicators in 
the two types of surgery, leads us to compare adequately the 
dependent measures using statistical analysis.

We conducted two t-tests to investigate the decrease of 
pain and disability depending from surgery. Results showed 
that both GRS and ODI scores had a statistically significant 
decrease after surgery (P<0.001).

The mean score of GRS in pre-surgical period was 
7.49 (sd=1.363) while in the post-surgical period was 2.46 
(sd=2.394).

The mean score of ODI in the pre-surgical period was 
47.55 (sd=10.478) while in the post-surgical period was 
11.56 (10.803).

Effect of surgery, age and gender on decrease of pain 
(GRS) and disability (ODI)

An analysis of variance using the decrease of pain (GRS 
pre-post) as dependent variable and Type of surgery (D-F), 
Age, Gender and their interaction as factors showed that 
only the Main effects of the factors were significant. No 
interaction from these factors was statistically significant. 
The main effect of type of surgery {F [1,173] = 4.88, P= 0.02, 
η2

partial=0.29}, age {F [1,173] = 3.87, P= 0.02 η2
partial= 0.46} was 

statistically significant and gender {F [1,173] =3.20, P= 0.07, 
η2

partial= 0.19} was trending towards significance (Table 1).
The analysis obtained on the decrease of disability (ODI 

Assessed for Eligibility
n=312

Ineligible (n=113)
∙ Traumatic stenosis  n=17
∙ Neoplastic stenosis  n=27
∙ Spondylolisthesis or scoliosis n=69

Lost to follow up (n=25)
∙ Died for other causes                    n=6
∙ Missing or refused to participate   n=19

Total recruited
n=199

Data avalable for analysis
n=174

Figure 1 Flow diagram outlining patient selection.

Figure 2 Extension (A) and flexion (B) X-rays demonstrating a L2-
L3 micro-instability, minor spondylolisthesis detectable on flexion-
extension but not present on static imaging.

A B
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pre–post) revealed: the main effects of surgery, gender and 
age were not significant; the three-way interaction between 
surgery, gender and age was significant. This result means 
that the factors had no independent effect on the decrease 
of disability but their interaction can reveal significance 
differences (Table 2).

Effect of surgery on the decrease of pain (GRS) and 
disability (ODI) depending from: levels of stenosis, 
pre-surgical micro-instability and post-surgical micro-
instability

An analysis of variance was used for testing the decrease of 
pain (GRS) and disability (ODI) according to the levels of 
stenosis [1-2-3-4]. Results showed a significant interaction 
for GRS scores {F [1,173] =4.08, P= 0.008, η2

partial=0.67} 
(Table 3) and no interaction for ODI scores (P=0.10).

Further analyses of variance revealed no significant 
interaction between either decrease of pain scores (GRS) or 
disability scores (ODI) with type of surgery (D F) (P=0.20 

and P=0.83).
Another analysis of variance was conducted to test the 

hypothesis that the pre-surgical micro-instability could 
have effects on decrease of pain (GRS) and disability (ODI) 
according to the type of surgery (D-F) and the levels of 
stenosis. No significant interaction could be found. Only 
the main effect of pre-surgical micro-instability on GRS 
was significant (P=0.007); patients with a pre-surgical 
micro-instability had a lower decrease on pain (mean=5.49 
vs. mean=4.38) (Table 4).

Analyses within two groups: decompressed (D) and 
fixed (F)

Decompression Group: A one-way analysis of variance was 
conducted on Decompressed-patients without pre-surgical 
micro-instability using the post-surgical micro-instability 
as factor. Results {F [1,69] =20.11, P<0.01, η2

partial=0.22} 
showed a significant interaction (Table 5).

Fusion Group: For what concern patients undergoing 
decompression and Fusion, the analysis of variance reveals a 
significant interaction {F [1,59] =5.25, P=0.02, η2

partial =0.83} 
(Table 6).

The results for ODI scale revealed similar results: fixed 
patients having both a pre-and post-surgical micro-instability 
reported the lowest improvement in disability with a mean 
ODI score decrease of 15 points {F [1,59]=6.86, P=0.01, 
η2

partial=0.10}. Decompression patients having no pre-surgical 
micro-instability but reporting a post-surgical micro-instability 
had a mean ODI score decrease of 27,37 {F [1,69]=3.48, 
P=0.06, η2

partial=0.49}. In all the other cases, the mean scores 
of decrease on disability were ranging from 34 to 38 points.

Discussion

The overall decrease of GRS and ODI scores between pre- 
and post-surgery is statistically significant. The female 
patients have lower benefits from surgery, either for 

Table 1 Decrease of GRS scores according to type of surgery, 
age and gender

GRS

Type of surgery

Decompression 5.52

Fixed 4.53

Age

Old (<65 years) 5.08

Young old (65–75 years) 4.93

Adults (>75 years) 5.61

Gender

Male 5.43

Female 4.63

GRS, graphic rating scale.

Table 2 Decrease of ODI scores according to interaction between type of surgery, age and gender

Type of surgery

Male (age) Female (age)

Old  

(>75 years)

Young old  

(65–75 years)

Adults  

(<65 years)

Old  

(>75 years)

Young old  

(65–75 years)

Adults  

(<65 years)

Decompression 38 35 33 36 33 35

FIxed 39 45 32 35 28.5 44
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decompression alone or decompression and fusion group. 
The overall decrease of pain and disability after surgery 
is lower for females. Patients with three or more levels 
of stenosis reported lower decrease in pain and disability 
comparing with patients with one or two levels of stenosis. 
As expected, a stenosis involving more levels is a more 
severe disease than a stenosis involving one or two, and 
requires a more aggressive surgery (11). Analysis of the 
results about disability shows that benefits derived from the 
type of surgery cannot be considered absolutely, but have 
statistically significant values only if considered in relation 
to age and gender. The young-old female patients that 
underwent fixation surgery reported the least improvement 
in disability. We conclude that the effect of the type of 
surgery on the decrease of pain and disability is influenced 
by the levels of stenosis. We suggest that even if not 
statistically significant, the lower improvement in symptoms 
obtained from patients with four or more levels of stenosis 
should be interesting to investigate; for example, the lower 
improvement in disability obtained from patients with four 

levels of stenosis that underwent posterior decompression 
(D) comparing to those underwent fixation (F) (mean =11 
vs. mean =24 respectively).

The micro-instability

“Micro-instability” is a common occurrence in our patient 
sample, as reported in approximately 40 % of cases. Some 
surgeons use flexion-extension X-ray to evaluate if there 
is “micro-instability” and fuse these patients (6). However 
nothing is known about the natural history of the micro-
instability group, and no validated study shows how to 
interpret and treat this condition. In our study the patients 
with a pre-surgery micro-instability had a lower decrease 
of pain (mean=5.49 vs. mean=4.38) regardless of the type of 
surgery. This evidence indicates that: (I) patients affected by 
lumbar stenosis with micro-instability are more serious than 
those affected by lumbar stenosis alone; (II) the stabilization 
is not more effective than laminectomy in reducing the 
symptoms associated with micro-instability. 

Table 6 Decrease of GRS scores among fixed patients according to pre-surgical/post-surgical microinstability

Fixed 

Pre-surgical microinstability No pre-surgical microinstability

Post-surgical microinstability 0.66 np

No- post surgical microinstability 4.3 4.3

GRS, graphic rating scale; np, no patient.

Table 3 Decrease of GRS scores according to levels of stenosis

Level of stenosis GRS

1 level 5.50

2 levels 5.38

3 levels 3.85

4 or more levels 4.25

GRS, graphic rating scale.

Table 4 Decrease of GRS scores according to the pre-surgical 
microinstability

GRS

Pre-surgical microinstability 4.38

No pre-surgical microinstability 5.49

GRS, graphic rating scale.

Table 5 Decrease of GRS scores among decompressed patients according to pre-surgical/post-surgical microinstability

Decompressed 

Pre-surgical microinstability No pre-surgical microinstability

Post-surgical microinstability 5.6 2.3

No- post surgical microinstability np 5.9

GRS, graphic rating scale; np, no patient.
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It is still unclear whether the pain associated with micro-
instability is caused by the slippage of the vertebra or by 
other factors as morphological changes of the vertebral 
column and facet joints. Different results have been deduced 
from the analyses about iatrogenic micro-instability. 
Patients with post-surgical micro-instability have the worst 
outcome, whether they are fused or decompressed alone. It 
is interesting to note that decompressed patients who had 
a pre-surgical micro-instability (that did not get worse in 
post-surgical period) have an outcome quite comparable to 
the decompressed patients without pre-surgical and post-
surgical instability.

Pre- and post-surgical micro-instability are two 
different events. The iatrogenic micro-instability should 
be considered as a complication of surgery. It is associated 
with the highest GRS scores, particularly in fixed patients 
(junction syndrome). However it can develop also after 
simple laminectomy, when the vertebral metamere 
weakens. Some studies conclude that lumbar fusion and 
instrumentation are not associated with an increased rate of 
reoperation at index or adjacent levels compared with non-
fusion techniques (12,13).

Posterior decompression alone or plus fusion?

Our study supports posterior decompression as the 
preferred option in this patient cohort. Sometimes the 
choice of the surgeon is to stabilize the spine even in the 
absence of micro-instability. In patients with degeneration 
of the disk and facet joints, it can be difficult if not 
impossible to remove the lamina, the ligamentum flavum, 
and perform a foraminotomy without weakening the 
vertebral metamere.

The fixation can have an indication to avoid the risk 
of iatrogenic instability. In the assessment of that risk, 
the surgeon must consider: the height of the disk, the 
degeneration of facet joints and ligaments, the presence of 
osteoporosis, but also the structure of the whole column 
and then the sagittal balance.

Conclusions

The present series must be interpreted in the context of 
its limitations: the retrospective nature of the review and 
the fact that patients were not randomized. Therefore the 
groups are not homogeneous and comparable.

Posterior decompression appears to be the gold standard 
option for treatment of lumbar stenosis without instability 

and deformity. The dynamic X-ray plays a negligible role 
in the pre-operative period. It has its utility in the post-
operative period in order to assess the existence of an 
iatrogenic instability. The fixation should be considered 
only to prevent post-surgical instability. If the patient has 
a dynamic instability detected by a dynamic X-ray, the 
choice of fusion is not justified by a clinical benefit. The 
“micro-instability” is a radiological finding that has its clinic 
surrogate but is not able to guide the choice of the type of 
surgery. Moreover the significance of “micro-instability” 
is still unclear. We suggest a prospective study following 
patients with asymptomatic micro-instability to definitively 
understand the clinical history.
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