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ABSTRACT

2Medical

Objective: We aimed to compare the clinical results of three different surgical approaches (bilateral decompression via unilateral approach
(BDUA), BDUA + fusion with unilateral instrumentation, total laminectomy and fusion with bilateral instrumentation) in the treatment of lumbar
spinal stenosis.
Materials and Methods: The clinical and surgical aspects of 51 surgically treated patients with lumbar spinal stenosis were retrospectively
reviewed.
Results: Duration of surgery, amount of bleeding, pain assessment visual analogue scale, length of stay (LOS), duration of mobilization, time
required for return to work, complications and cost were analyzed. The mean postoperative low back VAS score was calculated to be 7.1 in group
1, 8.3 in group 2, and 8.6 in group 3. Significant decreases were found in the VAS scores of each group (p<0.005). In group 2 and group 3, delayed
mobilization was the main cause of prolonged LOS.
Conclusion: In this study, comparing these three surgical procedures, we evaluated the VAS scores of the low backs and legs of the patients
separately, and found no significant difference in the VAS scores of any group. Similarly, durations of surgery, blood loss during surgery, and the
time required for return to work make BDUA more advantageous. Presence of severe low back pain and risk of iatrogenic instability may dictate
the addition of unilateral fusion and instrumentation to surgery in selected cases.
Keywords: Spinal stenosis, laminectomy, fusion, unilateral instrumentation, decompression

INTRODUCTION
Lumbar spinal stenosis may appear in one or multiple spinal
segments, and in central part or in lateral part of the spinal
canal. Facet joint hypertrophy, ligamentum flavum hypertrophy,
disc degeneration, unstable spine segment, or coexistence of
one or more of these may have a role in pathology. Neurogenic
claudication is the main symptom in cases not accompanied by
significant instability(1).
Surgery is indicated for adequate spinal canal and nerve
root decompression. For this purpose, surgical procedures
such as total laminectomy unilateral laminotomy, bilateral
laminotomies and open door laminoplasty have been
performed. Fusion can be added to decompression in cases
with existing preoperative instability and in cases with risk of
iatrogenic instability(2,3).

Bilateral decompression via a unilateral approach (BDUA) was
initially described by Young et al.(4) and then was modified by
McCulloch(5). In this technique, the risk of iatrogenic instability
is reduced by preserving the facet joints.
Unilateral stabilization and contralateral decompression were
considered to be effective in terms of operation time, surgical
complications, and patient benefit visual analogue scale in
comparison to other surgical techniques for the treatment of
lumbar spinal stenosis.
There is no doubt that a fusion procedure should be performed
in the presence of accompanying instability. However, in spinal
stenosis cases without instability and spondylolisthesis less
than grade 1, the role of spinal fusion is controversial. This is
so because spinal instrumentation in degenerative spine may
cause adjacent segment degeneration and disease. Therefore,
procedures such as bilateral foraminotomy, BDUA, and
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endoscopic decompression, whereby adequate decompression
can be ensured without creating iatrogenic instability, by using
less invasive methods, has become popular(6,7). The objective of
this study is to compare the efficacy of BDUA with the efficacy
of stabilization with decompression.

ligamentum flavum was excised. In this way, decompression
was performed on the both sides under a microscope, and then
the operation was ended (Figure 1-2).

MATERIALS AND METHODS
The data of 51 patients operated with three different surgical
procedures due to lumbar spinal stenosis were analyzed
retrospectively. Informed consent was obtained from the
patients.
Inclusion Criteria: Patients with spinal stenosis, who had
no instability and spondylolisthesis less than grade 1 in
their preoperative imaging tests; who had no concomitant
pathologies such as inflammation and malignancy; and who
had not undergone spinal surgery in the past, were enrolled in
the study.
Exclusion Criteria: Patients with spinal stenosis, who had
instability and spondylolisthesis higher than grade 1 in their
preoperative imaging tests; who had pathologies such as
inflammation and malignancy; and who had a history of spinal
surgery, were excluded from the study.
Groups
Group 1 consisted of patients treated with BDUA; when we
noticed instability of facet joints or removed more than 50%
of facet joints, then we added instrumental fusion during
surgery. Group 2 consisted of patients treated with BDUA plus
instrumented fusion via a unilateral approach; and group
3 consisted of patients treated with total laminectomy and
bilateral instrumentation as well as fusion.
Patients underwent lumbar flexion and extension radiographs
in the postoperative period, in the 2nd month, 6th month, and 1
year after the surgery. We considered the patient as unstable
when there were both back pain and the vertebral slippage.

Figure 1. MR images of group 1
A. Preoperative Sagittal T2-weighted MR imaging showing the
level of spinal stenosis
B. Preoperative Axial T2-weighted MR imaging showing narrowing
spinal canal
C. Postoperative Sagittal T2-weighted MR imaging of patients
D. Postoperative Axial T2-weighted MR imaging showing bilateral
decompression of spinal canal via a unilateral approach
MR: Magnetic resonance

Surgical Procedure
All of them were operated by posterior midline approach. It
was performed unilaterally in group 1 and 2. In group 3, we
used bilateral subperiosteal dissection as an approach. We used
microscope (Zeiss).
Group 1: BDUA
All the surgical operations were performed under general
anesthesia when the patients were placed in the prone
position. Surgery was initiated from the side where the
patient’s complaints were dominant; and in patients with no
findings regarding the sides, surgery was initiated from the side
where stenosis was greater according to the lumbar computed
tomography (CT) or magnetic resonance imaging (MRI) images.
The bases of the spinous process as well as the upper and lower
laminae were removed up to the free edge of the hypertrophic
ligamentum, using a high-speed burr. The operating table was
tilted to the opposite side so that the angle of the microscope
faced towards to the other side. In consequence of these
maneuvers, an angle of about 60° to 70° was achieved. After
the removal of the opposite side and the spinous process, the
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Figure 2. CT images of group 1
A. Preoperative Sagittal CT showing the level of spinal stenosis
B. Preoperative axial CT showing narrow spinal canal
C. Postoperative Sagittal CT demonstrating the level of decompression
D. Postoperative Axial CT showing bilateral decompression of spinal canal via a unilateral approach (bone window)
CT: Computed tomography
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Group 2: BDUA + Fusion with Unilateral Instrumentation
In this group, transpedicular polyaxial screws were placed
under fluoroscopy to each related vertebra. After that, a BDUA
was performed. After BDUA, autogenous bone grafts were used
for fusion. The bone grafts were placed on the lateral sides of
the system and outside of the rod by decorticating the bone
structures (Figure 3-4).
Group 3: Total Laminectomy and Fusion with Bilateral
Instrumentation
In this group, after exposure, transpedicular polyaxial screws
were placed under fluoroscopy to each vertebra on both sides.
Total laminectomy was then performed on the preoperatively
determined stenotic segments using a Kerrison Ronguer and
high-speed drill under a microscope. After the decompression,
the screws were fixed with rods. Autogenous bone grafts were
used for fusion. The bone grafts were placed on the lateral
sides of the system and outside of the rods by decorticating the
bone structures (Figure 5-6).

Duration of surgery, amount of bleeding, pain assessment (VAS),
length of stay (LOS), duration of mobilization, time required for
return to work, complications and cost were analyzed.

Figure 4. MR images of group 2
A. Preoperative Sagittal T2-weighted MR imaging the same
patient showing the level of spinal stenosis at the level L4-5
B. Preoperative Axial T2-weighted MR imaging showing narrowing
spinal canal
C. Postoperative Sagittal T2-weighted MR imaging demonstrating
level of decompression
D. Postoperative Axial T2-weighted MR imaging showing bilateral
decompression and instrumentation via a unilateral approach

Figure 3. MR images of group 2
A. Preoperative Sagittal T2-weighted MR imaging showing the
level of spinal stenosis at the level L3-4
B. Preoperative Axial T2-weighted MR imaging showing ligamentum flavum hypertrophy
C. Postoperative Sagittal T2-weighted MR imaging demonstrating
laminectomy defect
D. Postoperative Axial T2-weighted MR imaging showing bilateral
decompression and instrumentation via a unilateral approach

Figure 5. MR images of group 3
A. Preoperative Sagittal T2-weighted MR imaging showing the
level of spinal stenosis
B. Preoperative Axial T2-weighted MR imaging showing narrowing
spinal canal
C. Postoperative Sagittal T2-weighted MR imaging demonstrating
laminectomy defect
D. Postoperative Axial T2-weighted MR imaging showing decompression of spinal canal

MR: Magnetic resonance

MR: Magnetic resonance

RESULTS

MR: Magnetic resonance
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The demographic data of the patients are given in Table 1, data
regarding the level of surgery are given in Table 2, and the
complication rates are given in Table 3.
Duration of surgery: Duration of surgery was defined as
duration from skin to skin. The mean duration was observed
to be 94.7 minutes in group 1, 105.1 minutes in group 2, and
163.8 minutes in group 3. A significant difference was observed

between each of these three groups in terms of duration of
surgery (p<0.005).
Amount of bleeding: The amount of bleeding depended to the
duration of surgery, the size of the surgical site, and the level
of surgical procedure. The mean bleeding rate was 70.4 cc in
group 1, 75.2 cc in group 2, and 275 cc in group 3 patients. Two
patients in group 3 needed 1 unit of erythrocyte suspension
(ES) replacement before surgery.
Assessment of pain: Road walking distances as well as the
levels of numbness and pain in the legs after walking were
assessed. Preoperative and postoperative low back pain and leg
pain levels were assessed separately using the VAS. The mean
preoperative Leg VAS score was calculated to be 8.3 in group 1,
8.5 in group 2, and 8.1 in group 3. The mean postoperative low
back VAS score was calculated to be 7.1 in group 1, 8.3 in group
2, and 8.6 in group 3. Significant decreases were found in the
VAS scores of each group (p<0.005) (Table 1).
Neurological condition: All of the patients have neurogenic
claudication preoperatively and it was resolved postoperatively
in all of them. Motor examination of 30 out of 51 patients
showed 1/5 muscle strength of ankle dorsiflexion. It was
improved in 2 months after operation.
Length of stay: The mean LOS in each of the three groups
was calculated and assessed. The mean LOS was observed to
be 2.1 days in group 1, 3.1 days in group 2, and 3.6 days in
Table 2. Number of patients based on operated levels

Figure 6. CT images of group 3
A. Preoperative Sagittal CT showing the level of spinal stenosis
B. Preoperative axial CT showing facet joint hypertrophy and narrowing spinal canal
C. Postoperative Sagittal CT demonstrating laminectomy defect
D. Postoperative Axial CT showing decompression of spinal canal
and bilateral instrumentation materials
CT: Computed tomography

Table 1. Demographic data of patients
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Group 1

Group 2

Group 3

L3-4

1

1

3

L4-5

11

11

7

L3-4/4-5

4

4

4

L 3-4/4-5/5-1

2

-

-

L 2-3/3-4/4-5

-

-

3

Table 3. Complication rates

Group 1

Group 2

Group 3

Number of patients

18

16

17

Female/Male

9/9

11/5

11/6

Age

63.3

65.7

55.8

Mean operation time
(min)

94.7

105.1

163.8

Mean blood loss (cc)

70.4

75.2

275.5

Mean length of stay (day)

2.1

3.1

3.6

Mean follow-up period
(month)

11

13

14

Mean Preoperative/
Postoperative VAS (leg)

8/2

8/2

8/3

Mean Preoperative/
Postoperative VAS (low
back)

7/3

VAS: Visual anolog scale

Level

8/3

8/2

Complications

Group 1

Group 2

Group 3

Dura defect

5

2

2

Reoperation for dura
repair

1

-

-

Wound site infection

-

1 (ab)

2 (ab + HBO)

Postoperative instability

2

-

-

Adjacent segment
instrumentation and
decompression

-

-

1

Need for
microdiscectomy during
follow-up

1

1

-

Instrumentation for the
treatment of iatrogenic
instability

1

-

-

ab: Antibiotic, HBO: Hyperbaric oxygen
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group 3. Routinely antibiotherapy was stopped after the first
postoperative day. The number of days of hospitalization
that increased due to complications was also considered in
the calculation of the days. In group 2 and group 3, delayed
mobilization and postoperative routine antibiotherapy were
the main causes of prolonged LOS.
Mobilization timing: In group 1 and group 2, early mobilization
was performed 6 hours after the surgery, and the patients
were discharged the next day. Group 3 patients were
mobilized the next morning, and they were then discharged
after antibiotherapy. All of the patients were mobilized with
lumbosacral brace. The mobilization was unassisted. All of
them received physical therapy for their abdominal and spine
muscles 6 weeks after surgery.
Complications: The most common complications appeared as
a screw malposition, dura defect, and surgical site infection.
There were four patients in group 2 and four patients in group
3 with a screw malposition. None of them needed any operation
since all of them were asymptomatic. The possibility of screw
malposition increased depending on the number of screws
used. The number of dural defects changed depending on the
increase in the degree of stenosis of the patients, and increased
depending on the number of decompressed levels. Surgical site
infection increased depending on the increases in the duration
of surgery, the amount of bleeding, blood replacement, and the
size of the surgical site.
Group 1: Dura defect occurred in five patients, four of whom
benefited from perioperative dura repair and one of whom was
re-operated after 1 week for dura repair. One patient was given
foraminal steroid injection due to leg pain after the 3rd month
control examination. In one patient, discectomy was initially
performed after the control lumber MRI performed due to pain
suffered in the follow-up period; and then instrumentation
was made due to the development of iatrogenic instability.
Surgical operation was recommended to one of the patients
due to postoperative instability, but the patient rejected it, and
then physical therapy rehabilitation was recommended (There
was a minimal slippage on postoperative X-ray compared
to the preoperative films. Also, patient had a back pain and
was considered as unstable. Pain was relieved after physical
therapy).
Group 2: Two patients had perioperative dura defect and were
treated during surgery. One patient was re-hospitalized due
to wound site discharge and was given intravenous antibiotic
therapy for a period of 10 days due to superficial wound
infection. Upon the development of instability during followup period, physical therapy was recommended to one patient,
who is currently followed up. The condition of one patient was
evaluated with MRI due to the increased pain during the followup examinations, and then microdiscectomy was performed.
Group 3: In two patients, perioperative dura defect developed
and was treated during surgery. Since a screw fracture was
detected in one patient during the follow-up examination,
the instrument was removed and then screw fixation was

not repeated. Due to adjacent segment disease development
detected during the follow-up examination of one patient,
the instrument was extended to the upper level and total
laminectomy was performed for the adjacent stenotic segment.
Two patients were re-hospitalized due to wound site discharge
and were given antibiotic therapy for a period of 10 days and 15
sessions of hyperbaric oxygen therapy. Since screw malposition
was detected in the postoperative CT of one patient, he was reoperated and the screw was corrected the same day.
Cost: Considering the duration of surgery, LOS, possibility
of need for blood transfusion, instrument materials used in
surgery, possible complications and additional procedures to
be performed to correct them, the cost-height ranking was
thought to be group 3>2>1.
Length of follow-up: After their discharge, patients were invited
for control examinations to be performed on the 7th day for
wound examination and for the removal of the sutures, and in
the 3rd and 12th months for pain assessment. The mean followup periods were 11, 13 and 14 months for group 1, group 2 and
group 3, respectively.

DISCUSSION
The objective of surgery for lumbar spinal canal stenosis is
the restoration of spinal canal width. Traditional treatment of
spinal stenosis is extensive laminectomy, medial laminectomy
or total laminectomy(1). However, aggressive decompression
may lead to spinal instability. Therefore, many surgeons add
fusion to decompression(8,9).
Lumbar spinal fusion may be associated with pseudoarthrosis
and adjacent segment disease in long-term. This makes spinal
fusion procedure controversial. In this sense, the importance of
minimally invasive surgical procedures for the decompression
of spinal stenosis has increased. BDUA has been developed for
this purpose and has taken its place as an effective option in
the treatment of spinal stenosis(10,11). We checked the existence
of either loosening or pseudoarthrosis based on the lumbar
flexion and extension X-ray, which were performed in the 2nd
month, 6th month, and a year after surgery. None of the patients
developed screw loosening and pseudoarthrosis.
In classical extensive laminectomy, supraspinous and
interspinous ligament complexes may be destroyed, resulting
in iatrogenic spinal instability(12). Spondylisthesis may progress
as a consequence of the removal of more than 50% of the
facet joints(2). In BDUA, a significant portion of this ligament
complex and facet joints are preserved. This surgical technique
reduces the risk of instability; and therefore, does not require
the addition of fusion to surgery(9).
In the literature, good clinical results were reported after BDUA
(87% success in a 9-month follow-up, and 82% in a one-year
follow-up, 70-88% in an 18-month follow-up, 67% in a twoyear follow-up, and 68% in a four-year follow-up). As the
follow-up periods of studies prolong, a decrease in success
draws attention(13).
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Cavuşoğlu et al.(14) found the patient’s satisfaction rate to be
94% and the recovery rate to be 96% during the 18-24-month
follow-up periods of patients with BDUA. In their study
comparing clinical and radiological results of BDUA and
classical laminectomy, Yaman et al.(15) found differences in VAS
scores of leg pain in the postoperative 6th and 12th months.
However, low back pain VAS scores in patients with BDUA were
found to be significantly lower. In their randomized clinical
study comparing BDUA with decompression and involving 79
patients, Choi et al.(16) showed that BDUA was as effective as
open decompression in the improvement of ODI scores. In our
study, VAS was used to determine patient’s satisfaction. The
mean VAS change of all these three groups was calculated to
be between 60 and 80%.
Park et al.(17) compared the patients that they treated with
ipsilateral and contralateral canal decompression by using
unilateral laminectomy. In their study, the improvement rate
of VAS was 75.4% for the ipsilateral side and 73.7% for the
contralateral side of each leg. No significant difference was
found between the two sides when they were compared with
each other.
Another advantage of BDUA is that the paravertebral muscles
open unilaterally. Radiological and electromyography findings
of atrophy that develops in consequence of bilateral opening
and retraction of the paraspinal muscles have been shown in a
large number of studies. Unilateral and more limited retraction
of BDUA allows for more preservation of the paraspinal
muscles(18). Similarly, less blood loss is observed in BDUA.
Krut’ko(19) found less blood loss in BDUA procedure compared to
blood loss in the standard technique. One of the advantages of
this procedure is that less muscle is detached, and less blood
loss is observed in minimally invasive techniques as a result of
more limited resections. In the study carried out by Cavuşoğlu
et al.(14), transfusion of ES was required for some patients in
the classical laminectomy group. However, transfusion was not
performed in patients in the BDUA group. In our study, blood
loss was measured in each of the three groups. The mean
blood loss was 70cc in group 1 and group 2, and over 200 cc
in group 3.
In the literature, durotomy during laminectomy has been
reported to be in rates ranging from 5 to 15%. In their study
involving 40 patients, Cavuşoğlu et al.(14) reported three
durotomy complications in the classical laminectomy group,
and two in the BDUA group. This rate ranges from 3 to 5% in
BDUA. In the study carried out by Park et al.(17), this rate was
5.1%. Durotomy is a fearful complication for surgeons, but in
the BDUA procedure and similar minimally invasive approaches,
surgeons work through a smaller window; and therefore, there
is no significant difference in durotomy rates compared to rates
in classical laminectomy. In our study, dural tear rate was about
25% in group 1, 12,5 % in group 2,-11,7 % in group 3 (group 1–
five patients, group 2–two patients, and group 3–two patients).
As another advantage, adjacent segment disease does not
develop in BDUA. As is known, adjacent segment degeneration
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and adjacent segment disease may develop after stabilization
in degenerative cases(20,21). This condition may require surgery
after some time. This means both increased complication and
re-operation can increase the total cost(9,22). In current series,
adjacent segment disease was observed in group 1 and group 2.
One patient in group 3 was operated due to adjacent segment
disease.
Therefore, total laminectomy and bilateral decompression are
losing their popularity with each passing day.
As an alternative, BDUA can be performed with intent to avoid
bilateral dissection and provide stabilization in patients with
low back pain due to degenerative spine disorders. With this
procedure, results equivalent to those in bilateral intervention
have been reported(23). The instrumentation was compared, and
unilateral stabilization was found to be advantageous in terms
of the duration of surgery, cost and complication(24).
In addition, Mao et al.(25) revealed that unilateral stabilization
was less rigid than bilateral stabilization, and therefore, led to
less adjacent segment degeneration.
When we analyzed our case series, we found that the BDUA
procedure was more successful, in many ways than the classic
methods using bilateral decompression and stabilization,
particularly in patients with neurogenic claudication and leg
pain. When considering complication rates, LOS, and additional
treatment requirements in follow-up periods, we found BDUA
to be an adequate treatment procedure for appropriate
indications. When we compared our patients treated with
unilateral screw fixation in group 2 with other patients, BDUA
appeared to be the right treatment option for patients with
appropriate indications because it involved less instrument
materials than those used in the classical procedure, displayed
lower duration of surgery rates, shorter hospital stay, and less
complication, and there was a decrease in pain symptoms at
similar rates.

CONCLUSION
Lumbar spinal stenosis is among a group of diseases that
we usually treat with surgery in spine surgery practice. The
surgical treatment options include simple unilateral lumbar
decompression, unilateral decompression plus unilateral fusion,
bilateral decompression, and bilateral fusion. In this study,
comparing these three surgical procedures, we evaluated the
VAS scores of the low backs and legs of the patients separately,
and we found no significant difference in the VAS scores of any
group. Similarly, durations of surgery, blood loss during surgery,
and the time required for return to work make BDUA more
advantageous. The presence of severe low back pain and risk
of iatrogenic instability may dictate the addition of unilateral
fusion and instrumentation to surgery in selected cases.
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