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Comparative Study of Posterior Lumbar Interbody
Fusion via Unilateral and Bilateral Approaches
in Patients with Unilateral Leg Symptoms

Ji-Hoon Seong, M.D., Jong-Won Lee, M.D., Ki-Young Kwon, M.D., Jong-Joo Rhee, M.D., Ph.D., Jin-Woo Hur, M.D., Hyun-Koo Lee, M.D., Ph.D.
Department of Neurosurgery, Cheongju St. Mary's Hospital, Cheongju, Korea

Objective : We investigated the clinical and radiological advantages of unilateral laminectomy in posterior lumbar interbody fusion (PLIF) procedure
comparing with bilateral laminectomy, under the same procedural condition including bilateral instrumentation and insertion of two cages, in pa-
tients with degenerative lumbar disease with unilateral leg symptoms.

Methods : We retrospectively reviewed 124 consecutive cases of PLIF via unilateral or bilateral approach between January 2006 and April 2010. In
80 cases (bilateral group), two cages were inserted via bilateral laminectomy, and in 44 cases (unilateral group), via unilateral laminectomy. The av-
erage follow-up duration was 29.5 months. The clinical outcomes were evaluated with the Visual Analogue Scale (VAS) and the Oswestry disability
index (ODI). The fusion rates and disc space heights were determined by dynamic standing radiographs and/or computed tomography. Operative
times, intra-operative and post-operative blood losses and hospitalization periods were also evaluated.

Results : In clinical evaluation, the VAS and ODI scores showed excellent outcomes in both groups. There were no significant differences in term of
fusion rate, but the perioperative blood loss and the operative time of the unilateral group were lower than that of the bilateral group.

Conclusion : Unilateral laminectomy can minimize the operative time and perioperative blood loss in PLIF procedure. However, the different preopera-
tive disc height between two groups is a limitation of this study. Despite this limitation, solid fusion and satisfactory symptomatic improvement could

be achieved uniquely by our surgical method. This surgical method can be an alternative surgical technique in patients with unilateral leg pain.

Key Words : Posterior lumbar interbody fusion - latrogenic root injury - Unilateral approach - Unilateral leg symptoms.

INTRODUCTION

Posterior lumbar interbody fusion (PLIF) was initially intro-
duced by Dr. Ralph Cloward' in 1953 and has been a com-
monly performed surgical procedure?”. PLIF involving the in-
sertion of bilateral interbody cages is a standard treatment for
restoring disc height, immobilizing unstable degenerated inter-
vertebral disc areas, decompressing the dural sac and nerve
roots, restoring load bearing to anterior structures, segmental
alignment and balance, and obtaining successful fusion”. It is
used in a variety of spinal diseases, including spinal stenosis,
spondylolisthesis, degenerative intervertebral disc disease and
trauma'®.

Many techniques have been described, but in a standard PLIF
technique, two cages are usually inserted via a bilateral ap-
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proach with extensive laminectomy or posterior facetectomy,
and combined pedicle screws are frequently used to provide
spinal stability till the formation of a fusion mass”. When PLIF
is performed, as recommended with bilateral interbody cages
and pedicle screw fixation, it has increased the successful fusion
rate6,10,22)'

Unfortunately, the extensive exposure required for posterior
pedicle screw fixation can cause unnecessary trauma to the
posterior element and consequentially increased infection rates
and lumbar musculoligamentous complex injury, which can re-
sult in poor clinical outcomes®”. However, PLIF without poste-
rior instrumentation also has complications, such as iatrogenic
instability or cage migration'”. Hence, additional pedicle screw
fixation is frequently performed in PLIF procedure to avoid
these complications.

Neural decompression is the most important issue in PLIF
procedure to achieve surgical goals. Sufficient decompressive
laminectomy or facetectomy can give a satisfactory improve-
ment on the leg symptoms in the degenerative lumbar spinal
disease. However, in comparison with partial segmental lami-
nectomy, total laminectomy can increase the risk of periopera-
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tive or postoperative complications such as prolonged operative
time, increased blood loss, or adjacent segment structural insta-
bility'2**. It means that extent of laminectomy is the impor-
tant point in PLIE regarding perioperative complications, men-
tioned above. This point raises doubts about that unilateral
laminectomy in the PLIF procedure may reduce such compli-
cations comparing with bilateral laminectomy, especially in the
patients with unilateral sciatica. PLIF through bilateral laminec-
tomy is associated with increased complication rates'****". Elias
et al.'® reported a 15% incidence of dural tear and postopera-
tive radiculopathy. It was typically caused by excessive epidural
bleeding and prolonged or excessive retraction.

Recently, a variation of the PLIF approach, the transforaminal
interbody fusion (TLIF) has allowed unilateral placement of in-
terbody cage. The TLIF approach may reduce operative times,
blood losses, dural tears and radiculopathy risks, and yet provide
comparable mechanical stability to the PLIF technique>®*'?".
However, TLIF has an increased potential risk for excessive bleed-
ing in the axilla and medial to the pedicle, inability to distract
the interspace adequately, violation of the end plate and non-
parallel driving and/or cage placement to the disc space™.

At present time, a unilateral approach with a variant of PLIF
is often used to avoid the complications mentioned above. Many
authors have reported similar fusion rates and clinical out-
comes comparing bilateral PLIF using two cages via a bilateral
approach with unilateral PLIF using a single cage via a unilater-
al approach®>1”.

However, in comparative mechanical studies, the mean sub-
sidence rate was higher in unilateral cage models compare to
bilateral cages, as the contact pressure when only one cage is
used was more intensively distributed onto the vertebral body
and thus caused greater subsidence. The unilateral cage model
also shifted more stress to the screw, which may lead to screw
breakage'.

In this study, however, two cages were used in both groups.
Under the same procedural condition, including bilateral pos-
terior instrumentation and insertion of two cages, we investi-
gated the influence of the extent of laminectomy. To the best of
our knowledge, there are only few reports on the clinical out-
comes of unilateral laminectomy comparing with bilateral lam-
inectomy in PLIF procedure. We retrospectively compared the
clinical and radiological outcomes of PLIF via unilateral or bi-
lateral approach in selected patients with unilateral leg pain.

MATERIALS AND METHODS

Patient population

From January 2006 to April 2010, 124 patients who were di-
agnosed with spinal stenosis with degenerative disc disease, her-
niated intervertebral disc with lumbar instability or low grade
spondylolisthesis underwent a PLIF via bilateral or unilateral
approach with additional pedicle screw fixation. Bilateral ap-
proach versus unilateral approach was chosen based on sur-

geon’s preference and indication between the two groups was
not different retrospectively. Same surgical procedures were per-
formed in two groups, including use of two cages and bilateral
pedicle screw fixation, except performing laminectomy unilat-
erally or bilaterally. Patients who had been followed up for at
least 12 months were then reviewed (80 patients in the bilateral
group, 44 patients in the unilateral group).

Preoperative variables including age, sex, medical history and
clinical findings, as well as original disc height were recorded.
The inclusion criteria were as follows : 1) severe spinal stenosis
with degeneative disc disease and spondylosis or segmental in-
stability, 2) degenerative spondylolisthesis, grade I, and 3) huge
or recurrent herniated nucleus pulposus requiring total lami-
nectomy with facetectomy and fusion. Patients with spondylo-
lytic spondylolisthesis presenting with bilateral leg pain were
excluded. All patients had significant unilateral radiculopathy
and/or back pain refractory to conservative treatments. Clinical
follow-up consisted of appointments at 1, 2, 3 and 6 months
and last visit.

Patients were evaluated using the Visual Analogue Scale (VAS)
for leg pain and back pain. Magnetic resonance imaging or com-
puted tomography (CT) scan with plain radiographies were per-
formed preoperatively in all the patients.

Surgical procedures

The surgical procedures for unilateral approach were as fol-
lows. The patients were placed in the prone position on a Wil-
son frame under general anesthesia. Bilateral paraspinal muscle
was dissected and replaced laterally via a posteromedial ap-
proach, and the lamina and facet joints were exposed. The uni-
lateral partial hemilaminectomy and medial facetectomy were
performed on the symptomatic side, as well as adequate foram-
inotomy depending on the cause of disease, preserving the facet
joints as much as possible. The dura mater and the nerve root
were medially retracted. Extensive removal of the disc and the
adjacent endplates including the contralateral side was per-
formed using a pituitary rongeur and a down-biting curette un-
til subchondral bone was exposed. Two cages were inserted
through only unilateral laminectomy, and each cage was filled
with a local morselized bone graft that was composed of the
lamina, the articular process and the spinous process obtained
during posterior decompression. The first cage was inserted
into the disc space and careful pushing to the contralateral side
was performed with the curved curette. The second cage was in-
serted on the ipsilateral side in the same manner. Pedicle screw
fixation was carried out after inserting the cages to prevent iat-
rogenic instability of the posterior joint. Hemostasis and stan-
dard wound closure was then performed. From the third post-
operative day, a lumbar orthosis was used when the patient was
standing or walking and recommended for 2-3 months after
surgery.

The surgical techniques used for bilateral approach were sim-
ilar to the unilateral approach except bilateral hemilaminecto-
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my and discectomy were performed (Fig. 1). Each of the two
cages was inserted into the disc space through bilateral lami-
nectomy.

Clinical outcome assessment

The postoperative clinical evaluation was based on the VAS
and the Oswestry Disability Index (ODI) for back pain and leg
pain at multiple time points following surgery. The radiological
assessment was carried out with lateral plain radiographs taken
preoperatively, immediately postoperatively, 1, 2, 3 and 6 months
postoperatively, and at the last follow-up. In some cases, a CT
scan was also performed to supplement the plain radiographic
findings. The bony union was evaluated with careful assess-
ment of the formation of bone bridging and the absence of ra-
diolucency around the cages. Solid bony union was considered
to be obtained when the endplates became invisible on the fol-
low-up radiographs, and the bony trabecular continuity and
bone bridging was observed in the intervertebral space. Non-
union was defined as disruption of the trabecular continuity or
bone bridging, instability on flexion-extension radiographs, over
1 mm radiolucency around the screws and cages, pedicle screw
breakage, or showing more than 5 degrees of motion. The mea-
surement of the disc height was based on the corners of adjacent
vertebral contour and by averaging the ventral and dorsal disc
heights. Intra and postoperative blood loss, length of operation
and postoperative hospitalized days were also recorded.

RESULTS

Of the 124 consecutive cases of bilateral PLIE 80 (65%) were
via bilateral approach and 44 (35%) were via unilateral approach.
Patients consisted of 49 men and 75 women and mean age was
58.9 years (range, 40-77). The average preoperative disc height
was 8.43 mm, ranging from 4.1 to 12.6 mm. The average follow-
up duration was 29.5 months, ranging from 12 to 60 months.
The indication for surgery was spinal stenosis in 87 cases, herni-
ated disc with instability in 14 cases and
spondylolisthesis in 23 cases. Single-level

Clinical results

The clinical evaluation showed excellent outcomes in both
groups. The VAS score measured preoperatively, immediately
postoperatively and at the last follow-up improved significantly
(Fig. 2). The ODI scores at the last follow-up were 11.41+3.24 in
the bilateral group and 10.56+2.57 in the unilateral group and
there were no significant differences between the two groups.

Unintentional durotomy occurred in 7 patients (8.8%) in the

Fig. 1. Computed tomography scans, which were performed postopera-
tively, show posterior lumbar interbody fusion using two cages via uni-
lateral approach (left partial hemilaminectomy) (A) and via bilateral ap-
proach (bilateral partial hemilaminectomy) (B).
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Fig. 2. The mean VAS scores during the follow-up period in both groups

Table 1. Demographic and etiologic data in both groups

fusion was performed in 111 patients All patients Bilateral group Unilateral group
and two-level fusion was performed in No. of patients 124 80 44
13 patients. Male 49 31 18
The level of the fusion varied : bilateral Female 75 49 26
approach was performed at L3-4 (11 pa- Mean age (range) (years) 589 (40-77) 59.8 (40-77) 57.3 (41-76)
tients, 13.7%), L4-5 (60 patients, 75%), Diagnosis
L5-S1 (2 patients, 2.5%), L3-4-5 (6 pa- Spinal stenosis 87 (70.2%) 55 (68.8%) 32 (72.7%)
tients, 7.5%) and L4-5-S1 (1 patient, Spondylolisthesis 23 (18.5%) 16 (20.0%) 7 (15.9%)
1.3%), whereas unilateral approach was HNP 14 (11.3%) 9 (11.2%) 5 (11.4%)
applied at L3-4 (7 patients, 15.8%), L4-5 Fused level
(31 patients, 70.7%), L3-4-5 (4 patients, L3-4 18 (14.5%) 11 (13.7%) 7 (15.8%)
9%) and 14-5-S1 (2 patients, 4.5%). L3-4-5 10 (8.1%) 6 (7.5%) 4 (9%)
The distribution of age, sex, indica- L4-5 91 (73.4%) 60 (75%) 31 (70.7%)
tions and fused levels were similar be- 14-5-S1 3 (2.4%) 1(1.3%) 2 (4.5%)
tween two groups (Table 1). L5-S1 2 (1.6%) 2(2.5%) 0
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bilateral group and in 4 patients (9.1%) in the unilateral group,
but subsequent postoperative CSF fistula was not observed. Iat-
rogenic nerve root dysfunction on the symptomatic side oc-
curred in 11 patients (13.8%) in the bilateral group and 5 pa-
tients (11.4%) in the unilateral group, but on the asymptomatic
side occurred only in the bilateral group (6 patients), although
all cases of nerve root dysfunction were transient and resolved
in a few weeks. There was a similar incidence of wound infec-
tion between two groups. All the patients safely underwent sur-
gery without severe complications, but one patient underwent

Table 2. The clinical results and complications in both groups

reoperation due to disc herniation at the adjacent segment in
the unilateral group and one patient required revision in the
early postoperative period in the bilateral group due to hemato-
ma causing cauda equine syndrome. No implant migrations or
fractures occurred in either group.

The mean operation times in the unilateral group (131.05+
19.59 min) were significantly shorter than in the bilateral group
(148.00+21.81 min), (p<0.001). The amount of blood loss dur-
ing the operation in the unilateral group (290.35+£65.93 cc) was
less than in the bilateral group (346.31+91.23 cc) with signifi-

cance (p=0.001). The amount of blood

loss during the postoperative period in

A?nlgt;ir;ts Bﬂaz:i(g);oup Unﬂ?;eiig)mup p-value the unilateral group (346.63+110.75 cc)
— - was less than in the bilateral group
Operative time (minutes) 142.07+20.65  148.00+21.81 131.05£19.59  <0.001 (411.814162.66 cc) with signifi
0lxT . CC) with signiricance
Intraoperative blood loss (mL) 326.75+78.58  346.31+91.23  290.35+65.93 0.001 (p=0.02) The mean hospit al?zation pe
Postoperative blood loss (mL)  389.02+136.72 411.81+162.66  346.63+110.75 0.02 riod in the unilateral group (9.21+1.65
Hospitalized day (days) 10.26+1.71 10.82+1.77 9.21£1.65 <0.001 days) was shorter than in the bilateral
IJnintenFional d-uTotomy 11 (8.9%) 7 (8.8%) 4(9.1%) 0.49 group (10.82:1.77 days) with signifi-
atrogenic root injury cance (p<0.001) (Table 2).
Symptomatic side 16 (12.9%) 11 (13.8%) 5(11.4%) 0.02
Asymptomatic side 6 (4.8%) 6(7.5%) 0 0.01 Radiological results
Infection 5(4.0%) 3(3.8%) 2 (4.5%) 0.126 Solid fusion was observed in 60 cases
Hematoma collection 1(0.8%) 1(1.3%) 0 1.0 at 6 months (75%), 70 cases at 12 months

o|

Fig. 3. A 56 year-old female

view shows solid fusion.

{0 4 0

months later, shows solid fusion and maintenance of the reduction.

who presented with lower back pan and right leg pain. A : The preop-
erative lateral view shows a decreased disc height at L4-5. B : The postoperative immediately
checked lateral view shows restoration of the disc height. C : At 13 months after surgery, the lateral

¥ ey 4 F, s
Fig. 4. A 48 year-old female who presented with longstanding back pain and left leg pain. A : The
preoperative lateral view shows spondylolisthesis at L3-4. B : The postoperative immediately
checked lateral view shows restoration of the disc height. C : The last follow-up radiograph, 30

(88%) and 95% at last visit in the bilateral
group. In the unilateral group, the corre-
sponding fusion rates were 70%, 89%
and 95%. No significant difference was
observed between the two groups in
term of fusion rate. There were no cases
of instability in any patient who could
not achieve fusion and no instrument
failure including cage retropulsion. Ra-
diolucency around the cages and pedicle
screw was not observed in any of the pa-
tients at the last follow-up (Fig. 3,4).

The average intervertebral disc height
in the bilateral group significantly im-
proved from 8.09+1.99 mm preopera-
tively to 11.16+0.81 mm immediately
postoperatively to resolve at 10.74+0.89
mm at the last follow-up. In the unilateral
group height improved from 9.06+1.57
mm to 11.25+0.85 mm then 10.58+1.08
mm. The disc height after the PLIF pro-
cedure was increased significantly in
both groups. The mean increase of the
intervertebral disc height from the pre-
operative measurement to the last follow-
up measurement in the bilateral group
(2.65+1.96 mm) was longer than in the
unilateral group (1.52+£1.49 mm), with
statistical significance between two

©
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groups (p=0.001) (Table 3).

Table 3. Changes of the intervertebral disc height during the follow-up period in both groups

DISCUSSION Disc height Preoperative ;21?;;‘2‘1?; Last follow-up Dilrslccizl;geht
All patients (mm) 8.43+1.78 11.19+0.83 10.68+0.98 2.25+1.73
Lumbar spinal fusion surgery has Bilateral group (mm) ~ 8.09+1.99 11.16£0.81 10.740.89 2.65+1.96
been commonly performed for patients Unilateral group (mm) ~ 9.06+1.57 11.25+0.85 10.58+1.08 1.52+1.49

who present with chronic back pain
with neurological symptoms. A variety of surgical techniques
have been developed for lumbar spinal fusion, such as anterior
lumbar interbody fusion (ALIF), PLIE TLIF and posterolateral
fusion (PLF). PLF has been widely used for lumbar degenerative
disease?, but it carries the risk of musculoligamentous complex
injury caused by extensive wide exposure. Furthermore, it can-
not restore the disc height, even when additional posterior in-
strumentation is used'”.

Interbody fusion has become a standard surgical technique,
because it has the advantages of high fusion rates due to a large
surface area for fusion with the graft, relatively lower rates of
musculoligamentous injury and early stabilization with the use
of posterior instrumentation'®'**2*%), Interbody fusion can be
achieved through the anterior or posterior approach. Although
ALIF has higher fusion rates than PLIE it may have complica-
tions such as iliac vessel injury and retrograde ejaculation®'*2.
Furthermore, there are several reports stating that ALIF should
be supplemented with posterior instrumentation for higher fu-
sion rates®.

PLIF has been a commonly performed surgical technique for
several decades, since it can restore the disc height and sagittal
plane alignment, stabilize the unstable degenerative interverte-
bral disc and reinforce weight-bearing to the anterior column'®.
The PLIF procedure has been used for many indications, in-
cluding spinal stenosis, instability, degenerative disc disease,
spondylolisthesis and spondylosis. PLIF using a cage alone has
been widely performed, but wide laminectomy with bilateral
facetectomy is necessary for cage insertion bilaterally into the
disc space and additional posterior pedicle screw fixation should
be performed to prevent iatrogenic instability”.

Posterior pedicle screw fixation following PLIF can prevent
iatrogenic instability but may give rise to an iatrogenic soft tis-
sue injury'®. Excessive intraoperative paraspinal muscle expo-
sure can also lead to denervation and atrophy, which results in a
failed back syndrome®. In patients with chronic back pain with
unilateral leg pain, wide bilateral exposure may produce iatro-
genic flat back syndrome or contralateral leg pain, despite the
improvement in the ipsilateral leg pain.

However, PLIF without posterior instrumentation can cause
various postoperative complications including iatrogenic insta-
bility or cage migration. Chen et al.!" reported that lack of pos-
terior instrumentation may contribute to the cage migration.
They noted that total facetectomy is also associated with the
cage migration.

Decompressive laminectomy or facetectomy to achieve goals
of surgical treatment for lumbar spinal degenerative diseases is

essential procedure in PLIF technique. However, wide decom-
pressive laminectomy or facetectomy can increase the risk of
perioperative or postoperative complications such as prolonged
operative time, increased blood loss, or adjacent segment struc-
tural instability. Lai et al*® reported the importance of a tension
band mechanism by the posterior column structure as a risk
factor for adjacent segment degeneration. They noted that total
laminectomy, including removal of the spinous process, supra-
spinous ligament and interspinous ligament, aggravated the in-
tegrity of the posterior complex and lead to the adjacent segment
instability. Chen et al."” also investigated that total laminectomy
accompanied with posterior instrumentation is more likely to
develop adjacent instability than partial laminectomy in por-
cine model. Hence, we performed partial laminectomy rather
than total laminectomy in both groups. In our study, we did not
evaluate about postoperative adjacent segment instability, but
we could compare operative time and perioperative blood loss
in both groups. Seong et al.*» reported that mean operating
time and perioperative blood loss were less in a partial segmen-
tal laminectomy group than in a wide laminectomy group. Con-
cerning advantages of the shorter operating time, Motosuneya
et al® reported that shorter operating time can minimize post-
operative back muscle atrophy or persistent back pain. These
studies state that extent of laminectomy is associated with peri-
operative or postoperative complications, mentioned above,
and we could have statistically better results in unilateral group,
concerning operating time and perioperative blood loss.

Abumi et al.” found that a unilateral facetectomy produced
smaller increases in the motions of flexion and axial rotation
and concluded that solid fusion can be achieved by avoiding bi-
lateral facet disruption. However, fusion rate was not signifi-
cantly different between the two groups in our study.

Currently, the TLIF technique is commonly performed, be-
cause it has simpler and safer surgical procedure as the PLIF
technique’®*® and many studies report that one cage is enough
in PLIF or TLIE Zhao et al.* reported that PLIF using a single
threaded cage with a supplementary transpedicular screw and
rod instrumentation enables sufficient decompression and solid
interbody fusion to be achieved. They inserted a single long
threaded cage obliquely via a unilateral facetectomy and hemi-
laminectomy. Molinari et al.?¥, Fogel et al.'” and Chang et al.*
also reported good results with unilateral cages and showed
that patients with a unilateral cage had equal fusion and clinical
success compared to those with bilateral cages. The advantages
of unilateral TLIF include a lower risk of epidural fibrosis and
injury to neural structures related to excessive root retraction®.
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In our study, however, we used two cages in both groups. We
wanted to investigate about advantages of unilateral laminecto-
my comparing with bilateral laminectomy under the same pro-
cedural condition, including bilateral instrumentation and in-
sertion of two cages.

In this retrospective study, the surgical indication was not dif-
ferent between two groups. However, regarding the preopera-
tive disc height and the increase of the disc height, unilateral
group had higher preoperative disc height and less increase of
the disc height than bilateral group. These results may be caused
by selection bias. We assume that unilateral PLIF was performed
in a patient with relatively higher disc height to insert cages eas-
ily. Therefore, the limitation of this current study is that two groups
had different disc heights preoperatively and could not have re-
liable results about the advantages of the PLIF through unilater-
al laminectomy. For the reliable comparative study between
both groups, prospective study will be necessary.

CONCLUSION

PLIF via a unilateral approach using two cages with bilateral
pedicle screw fixation provides good clinical and radiological
outcomes comparable to bilateral approach, while minimizing
the operative time and perioperative blood loss. However, the
different preoperative disc height between two groups is a sig-
nificant limitation of this study, and prospective study will be
necessary for reliable comparative study. Despite this limitation,
solid fusion and satisfactory symptomatic improvement could be
achieved uniquely by our surgical method. This surgical method
can be an alternative surgical technique in patients with chronic
degenerative disc disease with unilateral leg pain combined with
radiological instability without unnecessary nerve root exposure.
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