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Minimally invasive spine surgery decreases postoperative pain
and inflammation for patients with lumbar spinal stenosis
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Abstract. In certain cases, lumbar spinal stenosis may lead
to lumbar nervous disorder. A previous study indicated that
minimally invasive spine surgery (MISS) presents benefits
compared with conventional open surgery (COS). In the
current study, the efficacy of MISS and COS for lumbar spinal
stenosis patients was investigated. A total of 82 patients with
lumbar spinal stenosis were enrolled and divided into two
age-matched groups that received MISS (n=41) or COS (n=41).
Patient parameters, including symptoms, inflammatory score,
visual analog score (VAS), wound length, Oswestry Disability
Index (ODI), hospital stay and postoperative outcomes were
analyzed in the current study. Outcomes indicated that both
MISS and COS significantly improved symptoms of lumbar
spinal stenosis compared with the baseline. It was observed
that MISS resulted in decreased wound length and hospital
stay compared with COS for patients with lumbar spinal
stenosis. The results revealed that MISS had better outcomes
compared with COS in improving ODI and inflammatory
score for patients with lumbar spinal stenosis. Notably, it was
identified that MISS exhibited improved VAS for back and leg
pain compared with the COS group for patients with lumbar
spinal stenosis. In conclusion, these outcomes indicate that
MISS was more effective compared with COS for improving
symptoms in patients with lumbar stenosis.

Introduction
Lumbar spinal stenosis is one of the most common causes of

lumbar disease and frequently leads to back and waist pain (1).
As the elderly population increases, the incidence of lumbar
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spinal stenosis is increasing worldwide (2). Conventional
open surgery (COS) has previously been regarded as the gold
standard for the treatment of patients with lumbar spinal
stenosis (3). Currently, various minimally invasive spine
surgery (MISS) techniques are being explored as alterna-
tive methods for the treatment of lumbar spinal stenosis (4).
MISS has been widely used for the treatment of lumbar
spinal stenosis as it is considered to be superior to the COS
approach (5,6). The major advantages of MISS are the reduc-
tion of infection, unnecessary exposure and tissue trauma (7).
The current study compared clinical outcomes in patients with
lumbar spinal stenosis who received MISS or COS during a
12-month period.

Postoperative pain is one of the most common charac-
teristics for patients with lumbar spinal stenosis following
surgery (8). Postoperative inflammation is still regarded as
a crucial criterion for evaluating the efficacy of surgery for
patients with lumbar spinal stenosis (9). Retrospective, demo-
graphic and clinical investigations have indicated the bacterial
causes of postoperative infection in lumbar spinal stenosis
patients following surgery (10). Reports have indicated that
MISS leads to a decrease in the incidence of infections
compared with COS for patients with lumbar spinal stenosis
due to the smaller incision and reduced vertebral muscle
damage (11,12). However, systemic investigations comparing
the outcomes of MISS and COS have not been performed for
patients with lumbar spinal stenosis.

In the current study, the efficacy of MISS surgery was
investigated for patients with lumbar spinal stenosis. Significant
differences between the MISS and COS groups were identified
for inflammation score, wound length, hospital stay, Oswestry
Disability Index (ODI) and visual analog scale (VAS) score
for back and leg pain in a 12-month period following surgery.
The current findings suggest that MISS management provides
a better therapeutic strategy for patients with lumbar spinal
stenosis.

Materials and methods

Study design, subjects and sampling. A total of 82 patients
with L2/3 lumbar spinal stenosis (mean age, 62 years; range,
49.2-68.4 years) were recruited from the Department of
Orthopedics at Affiliated National Hospital of Guangxi
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Medical University (Nanning, China) in this retrospective
study. The study included 40 male and 42 female patients.
Institutional Review Board approval (Affiliated National
Hospital of Guangxi Medical University) was obtained for
the current study. The study protocol was performed from
May 2013 to June 2014 and was approved by the Central Ethics
Committee (Ethics Committee of Wuhan No. 1 Hospital,
Wuhan, China; approval no. WHHOP20130214). All patients
were required to provide written informed consent. The subse-
quent inclusion criteria included pathological characteristics of
lumbar spinal stenosis, non-irritability for ampicillin, surgery
history of lumbar stenosis, leg and/or back pain. All patients
underwent imaging examination that exhibited lumbar lateral
recess stenosis consistent with the symptoms and signs of
degenerative lumbar scoliosis.

Drug administration. In total, 82 patients were administered
with an antibiotics regimen (ampicillin; Tianjin Tianshili
Medicine Co., Ltd., Tianjin, China) in a 14-day continuation
phase after surgery. The indicated dosage of resveratrol and/or
antibiotic regimen (ampicillin) (both from Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany) was 4.0 g/day daily.

Preoperative assessment. All patients received neurological
and clinical evaluation prior to surgery (13). The back and leg
pain in patients with lumbar spinal stenosis was measured for
the lower back and legs using a self-assessment 10-point VAS
method (14). Intensity of pain was measured using VAS scores
from O to 10 (0 is no pain and 10 is worst pain). VAS
score was measured at 0, 3, 6, 9 and 12 months following
surgery. Disability was assessed using the ODI as described
previously (15).

Inflammation severity score. The primary efficacy crite-
rion was the reduction in inflammation severity score in
patients with lumbar spinal stenosis following MISS or COS.
Inflammation severity score was assessed on day 0, 6, 12,
18, 24 and 30 following MISS or COS. Mean inflammation
severity score was evaluated as described previously (16).

Surgical procedures. All patients with lumbar spinal stenosis
received MISS (n=41) and COS (n=41; allocated at random)
following administration of general anesthesia in the prone
position. The MISS and COS surgery was performed in a
consistent way and an operative microscope was used in all
cases (17).

In the MISS group, a C-arm X-ray machine (Biplanar 500e;
Swemac Medical Appliances AB, Tiby, Sweden), METRx
Quadrant System and percutaneous pedicle screw (both
from Medtronic, Minneapolis, MN, USA) were prepared. An
incision was planned by connecting a line between the outer
portions of both end pedicles (~3.0 cm off midline). Then, a
skin incision of 3-4 cm was made on the more symptomatic
side or more severe pathology side according to imaging.
Decompression was conducted by cutting the inferior portion
of the lamina, hypertrophied superior and inferior articular
processes, and ligamenta flava. Then, the intervertebral space
was enlarged with a distractor followed by a PEEK cage
(Capstone; Medtronic). Then, percutaneous pedicle screw
fixation was conducted.

3033

For the COS group, following routine disinfection and
draping, a G-arm machine was used to confirm the affected
segment. Then, a longitudinal incision was made in the
middle of the spine, and muscular fasciae were cut apart.
Musculus sacrospinalis were then bluntly dissected until the
lumbar transverse process was exposed. Pedicle screws were
placed into the upper and subjacent vertebral pedicle of the
segmental lesions. Spinous process, lamina, hyperplasia of
yellow ligament and interior zygapophysis were removed
according to the scope of the lesions, and lateral recess as
well as nerve root canal was enlarged with the protection of
dural sac and nerve tissue. Then, fibrous rings were cut and
nucleus pulposus was removed, and the intervertebral space
was opened. The removed laminar and zygapophysis were
crushed into smaller pieces for incorporation as autograft,
then the cage with crushed bones was also inserted. Next,
titanium rods were used to connect the screws and fixed.
Finally, negative pressure drainage was placed and the inci-
sion was sewn up.

Outcome assessment. ODI score and VAS score in lumbar
spinal stenosis patients was logged at 0, 3, 6, 9 and 12 months
following MISS or COS (18). Patient satisfaction following
MISS surgery was analyzed using the patient satisfaction
index (PSI, a modified sub-item of the North American
Spine Society outcome questionnaire) method, as reported
previously (19).

Statistical analysis. Continuous variables are reported as the
mean =+ standard deviation. All data were analyzed using SPSS
Statistics 19.0 (IBM Corp., Armonk, NY, USA) and GraphPad
Prism 5.0 (GraphPad Software, Inc., La Jolla, CA, USA) with
the help of Microsoft Excel 2010 (Microsoft Corporation,
Redmond, WA, USA). Unpaired data were compared by
Student's t-test and comparisons between multiple groups
were performed using one-way analysis of variance (ANOVA)
followed by Tukey's post hoc test. VAS scores exhibited
normal distribution prior to surgery and were analyzed by the
Wilcoxon test prior to and following surgery. The t-test was
used to analyze ODI index and inflammation score prior to
and following surgery. P<0.05 was considered to indicate a
statistically significant difference.

Results

Characteristics of lumbar spinal stenosis patients. A total of
82 patients with lumbar spinal stenosis were enrolled in the
current study. It was demonstrated that the mean body mass
index was 26.4 and 25.2 kg/m? in the MISS and COS groups,
respectively. There was no notable difference in the incidence
of leg and back pain between the MISS and COS groups.
The characteristics and symptoms of lumbar spinal stenosis
patients are summarized in Table I. It was observed that there
were no significant differences between patients in the MISS
and COS groups prior to surgery.

Efficacy of MISS on postoperative pain for patients with
lumbar spinal stenosis. As indicated in Fig. 1, patients in the
MISS group exhibited lower VAS scores compared with the
COS group at 3 and 6 months post-surgery. There was no
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Table I. Characteristics of patients with lumbar spinal stenosis.

Parameter MISS COS
Total number 41 41
Male 19 21
Female 22 20
Age (years) 50.4-65.6 49.2-68 .4
Mean BMI (kg/m?) 26.4 252
Neurogenic claudication 17 14
Numbness 26 29
Leg pain 24 20
Back pain 17 21
Follow-up duration (months) 12 12

MISS, minimally invasive spine surgery; COS, conventional open
surgery; BMI, body mass index.
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Figure 1. Effects of MISS and COS in relieving postoperative pain determined
by VAS score. MISS, minimally invasive spine surgery; COS, conventional
open surgery; VAS, visual analog scale. “P<0.05, “P<0.01.
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Figure 2. Effects of MISS and COS in relieving postoperative pain deter-
mined by ODI. MISS, minimally invasive spine surgery; COS, conventional
open surgery; ODI, Oswetry Disability Index. “P<0.05, “P<0.01.

significant difference in VAS between the two groups at 9 or
12 months post-surgery. As indicated in Fig. 2, MISS exhibited
greater efficacy compared with COS at relieving back and leg
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Figure 3. Effects of MISS and COS on inflammatory score for patients
with lumbar spinal stenosis. MISS, minimally invasive spine surgery;
COS, conventional open surgery. ‘P<0.05, “P<0.01.
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Figure 4. Effects of MISS and COS on infection rates in patients with lumbar
spinal stenosis. MISS, minimally invasive spine surgery; COS, conventional
open surgery. “P<0.01

pain at 3 months post-surgery for patients with lumbar spinal
stenosis. None of the patients demonstrated postoperative
deterioration in neurological status.

Efficacy of MISS for postoperative inflammation and infection
in patients with lumbar spinal stenosis. Inflammation and
infection was analyzed in patients with lumbar spinal stenosis
following MISS or COS. All patients received ampicillin anti-
biotic regimen for a total of 14 days. The inflammatory score
was significantly decreased in patients who received MISS
compared with those who received COS on days 6, 12 and
18 post-surgery (Fig. 3). As indicated in Fig. 4, patients who
received MISS exhibited significantly lower infection rates
compared with COS (2.38 vs. 7.17%). None of the patients
exhibited postoperative incurable infection.

Efficacy of MISS for recovery in patients with lumbar spinal
stenosis. As indicated in Fig. 5, preoperative wound length was
significantly increased in the COS group compared with the
MISS group (4.04 vs. 1.32 cm). Length of hospital stay was
significantly shorter in the MISS group compared with the COS
group (Fig. 6; 6.5 vs. 12 days). Patient satisfaction was signifi-
cantly higher in the MISS group (94.8%) compared with the
COS group (80.3%), as determined by PSI (overall satisfaction)
during the 12-month follow-up period (Fig. 7). None of the
patients succumbed during the 12-month follow-up period.
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Figure 5. Effects of MISS and COS on wound length in patients with lumbar
spinal stenosis. MISS, minimally invasive spine surgery; COS, conventional
open surgery. “P<0.01.
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Figure 6. Effects of MISS and COS on length of hospital stay for patients
with lumbar spinal stenosis. MISS, minimally invasive spine surgery;
COS, conventional open surgery. “P<0.01.

Discussion

Lumbar spinal stenosis is one of the most common orthopedic
diseases and the incidence rate is more than 5% in the elderly
population worldwide (20). COS is the most common method
used for the treatment of lumbar spinal stenosis (18). However,
in recent years, MISS has been widely used for patients with
lumbar spinal stenosis (21). In the current study, the efficacy of
MISS and COS was compared in patients with lumbar spinal
stenosis. It was identified that MISS presented advantages
over COS for patients with lumbar spinal stenosis, including
improvements of back and leg pain, postoperative inflammation
and infection rate in the clinic. The current findings indicated
that patients with lumbar spinal stenosis who received MISS
reported higher satisfaction compared with those who received
COS during a 12-month follow-up period. None of the patients
demonstrated postoperative incurable infection, postoperative
deterioration in neurological status or mortality.

Complications occur frequently for patients with lumbar
spinal stenosis following surgery, including surgical site
infection, bone graft migration, intraoperative neurological
injury and dural tear (22). A previous study indicated that
microendoscopic discectomy MISS techniques could decrease
postoperative complications for lumbar spinal stenosis
patients (23). In the current study, no cases of intraoperative
neurological injury, bone graft migration or dural tear were
observed. However, 4 patients in the COS group presented
with surgical site infection, while 1 patient presented with
surgical site infection in the MISS group. Notably, MISS
exhibited better therapeutic effects compared with COS in
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Figure 7. Effects of MISS and COS on patient satisfaction as determined by
PSI (overall satisfaction) during the 12-month follow-up period. MISS, mini-
mally invasive spine surgery; COS, conventional open surgery; PSI, patient
satisfaction index. “P<0.01.

relieving back and leg pain at O and 3 months post-surgery as
determined by ODI and VAS.

For patients with lumbar spinal stenosis, inflamma-
tion may affect the length of hospital stays (24). A previous
study reviewed the role of muscular markers, inflammatory
parameters and cytokines and concluded that MISS effi-
ciently decreased post-surgery inflammation compared with
COS (24). In the current study, it was observed that patients
with lumbar spinal stenosis that underwent MISS exhibited a
lower inflammation score and shorter hospital stays compared
with those that underwent COS. A previous study indicated
that decreasing postoperative surgical infection using MISS
may decrease mortality rates (10). In the current study, it
was reported that MISS efficiently decreased postoperative
surgical infections in patients with lumbar spinal stenosis
compared with COS.

In conclusion, the current findings indicate that are signifi-
cant differences between the outcomes of MISS and COS for
patients with lumbar spinal stenosis in terms of inflammation
score, infection rate, VAS and ODI. The study identified that
MISS resulted in improved symptoms in patients with lumbar
stenosis, including reduced postoperative pain and shorter
hospital stays. Therefore, it could be regarded as a standard
treatment for patients with lumbar spinal stenosis. However,
prospective randomized studies should be performed in a
larger lumbar spinal stenosis population in order to verify the
conclusions of the current study.
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