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ABSTRACT

Background: Transforaminal lumbar interbody fusion (TLIF) with bilateral pedicle screw instrumentation is a
well-accepted technique in lumbar degenerative disc disorder. Unilateral instrumentation in TLIF has been reported in
the literature. This study aims to compare the clinical and radiological outcomes of unilateral and bilateral instrumented
TLIF in a selected series of patients.

Methods: We retrospectively analyzed patients operated with unilateral pedicle screw fixation in TLIF (UPSF
TLIF) or with bilateral pedicle screw fixation in TLIF (BPSF TLIF) with a minimum of 2 years of follow-up. Patients
were evaluated at regular intervals for functional and radiological outcomes. Functional outcome was assessed using the

Oswestry disability index (ODI) and visual analog score (VAS) preoperatively and at 6 months, 1 year, and 2 years after
surgery. Fusion rates were assessed using Bridwell interbody fusion grading.

Results: Our study shows that there was a significant improvement in VAS and ODI in both groups at 2 years

follow-up, and there was no significant difference in improvements between the groups. The complication rates between
the groups were similar. The fusion rate in UPSF TLIF was 97.3% and was 98.34% in BPSF TLIF; this was not
statistically significant between groups. There is a significant difference in terms of blood loss, duration of surgery, and

average duration of hospital stay between the groups (P , .001), favoring UPSF TLIF.
Conclusions: Unilateral pedicle screw fixation in open TLIF is comparable with bilateral pedicle screw fixation in

terms of patient-reported clinical outcomes, fusion rates, and complication rates with the additional benefits of less
operative time, less blood loss, shorter hospitalization, and less cost in selective cases.

Level of Evidence: 4.

Lumbar Spine

Keywords: unilateral pedicle screw fixation, lumbar fusion, interbody fusion, transforaminal lumbar interbody fusion

INTRODUCTION

The transforaminal lumbar interbody fusion

(TLIF) technique was described by Harms and

Jeszenszky in 1998 for symptomatic lumbar degen-

erative disc disorder.1 Since then, TLIF has become

a well-accepted technique to perform interbody

fusion with less neural retraction through a single

posterior approach.2–9 Interbody cage arthrodesis of

the lumbar spine in combination with pedicle screw

instrumentation provides immediate structural sup-

port and a high fusion rate.10–13

In the TLIF procedure, bilateral pedicle screw/

rod fixation has been shown to increase fusion rates

and is now standard with the procedure.14–19

However, bilateral pedicle instrumentation warrants

extensive paravertebral muscle dissection and re-
traction for the standard open TLIF procedure.2–
20,21 The significant iatrogenic paraspinal muscle
and soft tissue injury that occurs during the bilateral
pedicle screw instrumentation surgical approach is
associated with longer operative time, greater blood
loss, increased postoperative pain, lengthened re-
covery time, and use of more spinal instrumenta-
tion, all correlated to an increased risk of
complications in adult spinal surgery.22–24

Unilateral pedicle screw instrumentation in TLIF
has been described in the literature and may be more
desirable because it is less invasive and entails less
operative time, less blood loss, and less destruction
of posterior structures. In addition, bilateral fixation
may increase stress at adjacent intervertebral levels
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due to increased stiffness, which can ultimately lead
to adjacent segment degeneration.25

In this study, we hypothesized that the open
TLIF with unilateral pedicle screw instrumentation
is clinically equivalent to bilateral pedicle screw
constructs. This is the largest clinical comparative
series of open TLIF with unilateral versus bilateral
instrumentation.

METHODS

After obtaining our institutional review board
approval, we performed a retrospective review of
our prospective database for patients who had
undergone a single-level open TLIF procedure with
either unilateral pedicle screw fixation (UPSF) or
bilateral pedicle screw fixation (BPSF) instrumen-
tation in a selected group of patients from June 2014
to June 2017 with a minimum 2 years of follow-up.
Indications for inclusion were all skeletally mature
patients with predominant leg radiculopathy or
claudication secondary to degenerative disc disor-
der, grade 1 degenerative spondylolisthesis, or
recurrent disc protrusion and failed conservative
treatment for a minimum of 6 weeks. We excluded
patients with bilateral radiculopathy, grade 2 or
above degenerative spondylolisthesis, lytic spondy-
lolisthesis, degenerative scoliosis, active infection,
osteopenia (dual-energy x-ray absorptimetry T score
, �1.5), and a body mass index of .30. Preoper-
ative standard standing anteroposterior and lateral
radiographs of the lumbosacral spine were done to
assess the instability by the radiographic criteria of
Myerdings.26 Magnetic resonance imaging of the
spine was done routinely to delineate the intraspinal
pathoanatomy.

Patients with BPSF TLIF were compared with
those with a UPSF construct. This study included
112 cases of UPSF TLIF and 121 cases of age- and
sex-matched BPSF TLIF who fulfilled the inclusion
criteria.

All patients were operated on by the senior
author. Interbody cage material placed in the
surgeries was polyetheretherketone, and a single
pedicle screw system was used for all cases.

Patient demographics, diagnosis, duration of
symptoms, levels of fusion, operating time, intraop-
erative estimated blood loss, risk factors for fusion,
and length of hospital stay were all collated.
Preoperative and postoperative pain status was
assessed by self-evaluated visual analog score
(VAS)27,28 and disability by Oswestry disability

index (ODI).29,30 After discharge from the hospital,
the patients followed up with the surgeon at 2 and 6
weeks, 6 months, 1 year, and 2 years. Plain lumbar
spine radiographs were obtained at each follow-up
to assess fusion and monitor complications. The
radiological outcome of interbody fusion was
assessed with the Bridwell grading system.31 Com-
puted tomography findings were assessed 2 years
after surgery for patients with a doubtful union in
plain radiographs.

Our primary outcome measures of pain and
disability were assessed with patient-reported out-
come measures VAS and ODI. Secondary outcome
measures included length of surgery, intraoperative
estimated blood loss, length of stay, perioperative
complication, and fusion rate.

Statistical Analysis

All the analyses were performed using Stata 14.2
software. We used two sample t tests with equal
variances to compare the means between the groups.
A P value of �.05 was considered to indicate a
statistically significant difference between the
groups.

Surgery Technique

BPSF TLIF
After induction of anesthesia, the patient was
positioned prone in a Jackson table. The operative
field was painted and draped. Midline posterior
incision over the offending disc level and the
paraspinal muscles were subperiosteally elevated to
expose posterior elements of the spine to the base of
the transverse process bilaterally. The facet joint
above and at the offending disc level was exposed.
Pedicle screws were inserted in the above and below
vertebral body of the offending disc using free-hand
technique on both sides. Unilateral partial medial
facetectomy, laminectomy, and decompression were
performed on the symptomatic side, and the disc
space on the ispilateral symptomatic side was
approached after pedicle screw-based distraction.
The disc was resected in standard fashion using
rongeurs, shavers, and curettes, and the anterior
part of the disc space was packed with autologous
graft prepared from facetectomy and laminotomy.
An adequate-sized single polyetheretherketone cage
filled with autologous bone chips was inserted into
the posterior part of the prepared disc space
through the symptomatic side. After the placement
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of the cage, pedicle screw-based compression was

achieved, and final cage position was confirmed with

fluoroscopy. The wound was copiously irrigated,

drainage catheters were placed, and the wounds

were closed in layers.

UPSF TLIF

After positioning and draping as mentioned above,

the midline skin incision was taken over the

offending level. Paraspinal muscles were elevated

subperiosteally only on the symptomatic side. Both

superior and inferior pedicle screws were placed

unilaterally through free-hand technique. Ipsilateral

partial medial facetectomy, laminectomy, and de-

compression were done, and disc space on the

ipsilateral symptomatic side was approached after

pedicle screw-based distraction (Figure 1). The disc

was resected in standard fashion, and the anterior

part of the disc space was packed with local

autologous graft. An adequate-sized single poly-

etheretherketone cage filled with autologous bone

chips was inserted into the posterior part of the

prepared disc space. After the placement of the cage,

pedicle screw-based compression was achieved, and

the final cage position was confirmed with fluoros-

copy. The wound was irrigated and closed in layers

without placement of a drainage catheter.

Generous autografting of the fusion bed with
morselized bone harvested locally from partial
facetectomy and laminectomy was done as routine.
No allograft or synthetic bone substitutes were used
in any cases. No additional posterolateral fusion
was performed in any case.

RESULTS

Tables 1 and 2 demonstrates the patient charac-
teristics of the study groups. There was no difference
between the groups in terms of age, gender,
diagnosis, duration of symptoms, or risk factors
for fusion (eg, body mass index, diabetes, and
smoking). L4/5 was the most common operating
level followed by L5/S1 in both groups. The mean
follow-up was 26.4 months (24–36 months). Both
groups demonstrated similar preoperative pain and
disability index scores. There was no statistically
significant difference in preoperative ODI and VAS
for back and leg pain between the groups (P . .05).

Significant differences were found in mean
operating time (75.18 minutes in the UPSF group

Figure 1. Image showing the unilateral exposure and instrumentation after

posterior midline skin incision (black arrow) with intact contralateral paraspinal

musculature (white arrow).

Table 1. Patient/operative characteristics.

Parameter UPSF TLIF BPSF TLIF P Value

N 112 121
Age, mean, y 53.6 (26–70) 58.3 (28–80) ..05
Sex, M/F 64/48 65/56 .9
Diagnosis for operation
Recurrent disc herniation 5 8
Lumbar canal stenosis 48 54
Grade 1 spodylolysthesis 33 40
Degenerative disc disease 26 19

Level
L2-3 1 0
L3-4 14 16
L4-5 61 64
L5-S1 36 41

Preoperative duration
of symptoms, mo

5.4 6.2

Follow-up, mean (range), mo 26.2 (24–48) 26.6 (24–48)
Preoperative back VAS 6.2 6.7 ..05
Preoperative leg VAS 7.1 7.5 ..05
Preoperative ODI 56.9 58.5 ..05

Abbreviations: BPSF TLIF, bilateral pedicle screw fixation in transforaminal
lumbar interbody fusion; F, female; M, male; ODI, Oswestry disability index;
UPSF TLFI, unilateral pedicle screw fixation in transforaminal lumbar interbody
fusion; VAS, visual analog score.

Table 2. Comparison of risk factors for fusion between the two groups.

Risk Factors for Fusion

UPSF TLIF

Group

BPSF TLIF

Group P Value

BMI, mean (SD) 23.6 (2.8) 23.9 (3) ..05
Diabetes, n (%) 36 (32.1) 39 (32.2) ..05
Chronic smoking, n (%) 22 (19.6) 26 (21.4) ..05

Abbreviations: BMI, body mass index; BPSF TLIF, bilateral pedicle screw
fixation in transforaminal lumbar interbody fusion; UPSF TLFI, unilateral
pedicle screw fixation in transforaminal lumbar interbody fusion.
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versus 93.38 minutes in the BPSF group) between
the 2 groups (P , .0001). Intraoperative estimated
blood loss was less in the UPSF group (76.9 mL)
than in the BPSF group (122.3 mL), and this was
statistically significant (P , .0001). Furthermore,
patients in the UPSF group had a shorter hospital
stay than patients in the BPSF group (1.7 days
versus 2.8 days, P , .0001; Table 3).

The VAS score for back and leg pain and the
ODI showed significant improvement in both
groups postoperatively (P , .05). Improvements in
VAS and ODI noted at 6 months postoperatively
were maintained at 2 years follow-up in both groups
(P . .05; Table 4). However, there was no
significant difference noted in the improvement of
back pain VAS, leg pain VAS, and ODI between the
groups at 6 months or 2 years follow-up after
surgery (P . .05; Table 4). Radiological evidence of
fusion was noted in 97.3% and 98.4% of patients in
the UPSF group (Figure 2) and BPSF group,
respectively, and the difference in fusion rate was

not statistically significant between the groups (P .

.05)

Complication rates between the UPSF and BPSF

groups were similar (6.25% for UPSF versus 6.6%

for BPSF, P . .05; Table 5). Overall, there were

three cases of superficial wound infection with one

case in UPSF and 2 cases in the BPSF group, which

responded to oral antimicrobial therapy. There were

three new cases of postoperative iatrogenic foot

drop in this series (1.2%). One case of foot drop in

UPSF was due to pedicle screw malposition, and

this failed to improve despite repositioning. Two

cases of foot drop in BPSF were unexplainable

(indirect neural injury) with full recovery in one case

at 3 weeks postoperation, and the other case had a

Table 3. Comparison of perioperative parameters between groups.

Parameters UPSF TLIF BPSF TLIF P Value

Operative time, min 75.18 93.38 ,.0001
Estimated blood loss, mL 76.9 122.3 ,.0001
Length of hospital stay, days 1.7 2.8 ,.0001

Abbreviations: BPSF TLIF, bilateral pedicle screw fixation in transforaminal
lumbar interbody fusion; UPSF TLFI, unilateral pedicle screw fixation in
transforaminal lumbar interbody fusion.

Table 4. Comparison of functional and radiological outcome between groups.

UPSF TLIF BPSF TLIF P Value

Postoperative back VAS 6.2 6.7 ..05
At 6 mo 3.2 3.4 ..05
At 2 y 2.2 2.1 .461

Postoperative leg VAS 7.1 7.5 ..05
At 6 mo 0.8 0.9 ..05
At 2 y 0.7 0.6 ..05

Postoperative ODI 56.9 58.5 ..05
At 6 mo 25.8 27.2 ..05
At 2 y 16.9 16.6 .676

Fusion at final follow-up 97.3 98.4 ..05

Abbreviations: BPSF TLIF, bilateral pedicle screw fixation in transforaminal
lumbar interbody fusion; ODI, Oswestry disability index; UPSF TLFI, unilateral
pedicle screw fixation in transforaminal lumbar interbody fusion; VAS, visual
analog score.

Figure 2. (a, b) Illustrative case of unilateral instrumentation transforaminal lumbar interbody fusion (TLIF) showing 2-year postoperative plain anterior-posterior (a)

and lateral (b) radiographs of L4-L5 unilateral instrumentation TLIF. (c) Sagittal section computed tomography of the same patient confirming bony fusion.
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persistent weakness. Also, 4 cases of posterior cage
migration into the spinal canal with two in each
group were documented between 6 weeks and 3
months. All four cases remained asymptomatic and
went on to have solid arthrodesis. The pseudarthro-
sis rate in the UPSF group was higher than in the
BPSF group (2.6% versus 1.6%), but this was not
statistically significant (P . .05).

The direct total hospital cost at our institution
was 15% less for UPSF TLIF than for the BPSF
construct. The implant cost alone for the BPSF
TLIF was 35.5% greater than unilateral instrumen-
tation.

DISCUSSION

Biomechanical studies have demonstrated the
superiority of bilateral pedicle screws compared
with unilateral pedicle screw constructs in open and
minimally invasive surgical TLIF.32–36 Our study is
the largest series to date comparing UPSF with
BPSF in open TLIF in a selected series of patients.
Our study also reported no significant difference in
radiological fusion rate and complication rate
between the groups (Table 6).

The inherent advantages of unilateral instrumen-
tation include a less invasive approach with
avoidance of soft tissue disruption on the contra-
lateral side, reduced operation time, less blood loss,
and lower implant costs.37–46 In our series, we

document less intraoperative blood loss and oper-
ating time in the unilateral cohort than in the
bilateral instrumentation group (P , .0001). The
present study reports significantly shorter hospital
stay in the unilateral instrumented TLIF group than
in the bilateral instrumentation group (P , .0001).
The cost of bilateral fixation is greater than
unilateral fixation due to the greater instrumenta-
tion requirements of the former. We also found that
those undergoing BPSF had longer operative time
and greater blood loss, which further increases the
direct and indirect costs of the bilateral instrumen-
tation construct. At our institution, we found that
the total hospital cost was 15% less for UPSF TLIF
than for the BPSF construct. Globally, every health
care system is struggling with rising costs and is
working toward cost efficiency measures for sus-
tainable health systems. Our largest comparative
series supports that unilateral instrumentation is as
good as bilateral instrumentation for select patients
needing single-level TLIF. Less instrumentation
without compromising the outcome is beneficial to
both patients and service providers. Unilateral
instrumentation means less surgical morbidity, less
blood loss, less postoperative pain, and early
recovery to patients. Less instrumentation is cost
efficacious for service providers through low im-
plant cost (direct saving) and indirect cost savings
through reduced operation time and shorter hospi-
tal stay.

Some studies suggest that unilateral instrumen-
tation may result in nonunion, metal failure, or cage
migration due to the decreased strength or inherent
asymmetry of this system.32,33,39 Goel et al showed
that unilateral constructs were consistently less rigid
than bilateral constructs in an in vivo animal
model.32 By contrast, Slucky et al showed no
difference in flexion/extension, lateral bending, or
axial rotation when comparing BPSF constructs
with UPSF constructs in human cadaver TLIF

Table 5. Comparison of complications between the groups.a

UPSF TLIF, n (%) BPSF TLIF, n (%)

Superficial infection 1 (0.89) 2 (1.6)
Foot drop 1 (0.89) 2 (1.6)
Cage migration 2 (1.7) 2 (1.6)
Pseudarthrosis 3 (2.6) 2 (1.6)
Total 7 (6.25) 8 (6.6)

Abbreviations: BPSF TLIF, bilateral pedicle screw fixation in transforaminal
lumbar interbody fusion; UPSF TLFI, unilateral pedicle screw fixation in
transforaminal lumbar interbody fusion.
aThere is no significant complications between the two groups (P.0.05).

Table 6. Comparison of our study with previous published literature.

Study

No. of

Patients,

Uni:Bi

Age, y,

Uni:Bi

Follow-up,

mo, Uni:Bi

Most Common

Indication for

Surgery

Fused

Segments

Number

of Levels

Operated

Type of

Surgery

Mean ODI at

Final Follow-up,

Uni:Bi

VAS (Leg Pain) at

Final Follow-up,

Uni:Bi

Feng et al 201138 20:20 53.8:53.2 3:3 LSS L3-S1 1 level Open 5.2:not estimable . . .
Aoki et al 201239 25:25 66.2:65.6 31.0:31.2 LS grade1, 2 L3-S1 1 level Open . . . 3.7:1.3
Xie et al 201240 56:52 56.2:55.0 .36 LSS L3-S1 ½ level Open . . . . . .
Xue et al 201241 37:43 57.1:58.2 25.3:25.3 LSS L3-S1 ½ level Open 15.4:15.8 . . .
Dahdaleh et al 201342 16:20 62.2:57.3 11.4:12.4 LS grade1, 2 L3-S1 1 level MIS 22.7:17.9 2.6:2.1
Choi et al 201343 26:28 53.6:56.2 27.5:28.9 LSS L3-S1 1 level MIS 6.6:9.5 1.7:1.8
Zhang et al 201344 33:35 59.4:55.7 25.6:25.6 LSS L3-S1 2 level Open 18.8:17.9 1.9:2
Our study 112:121 53.6:58.3 24:24 LSS L2-S1 1 level Open 16.9:16.6 2.2:2.1

Abbreviation: LS, lumbar spondylolisthesis; LSS, lumbar spinal stenosis; MIS, minimally invasive surgery; Uni:Bi, unilateral:bilateral.
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specimens.33 Suk et al,37 Xue et al,41 and Dahdaleh

et al42 in their small series comparative clinical

studies reported no significant difference in fusion
rate, cage migration, metalwork failure, and com-

plication rate between unilateral instrumentation

TLIF and bilateral instrumentation TLIF. These
findings are confirmed in this large series, and our

results demonstrate no significant difference in cage

migration, pseudarthrosis, metalwork failure, or
reoperation rate between the UPSF and BPSF

groups.

In our series, there was no significant difference in

the improvement in mean ODI and VAS between
the UPSF and BPSF groups at any time point in the

follow-up. The improvement in ODI and VAS was

sustained after 6 months up to the latest follow-up
in both groups. These findings are consistent with

other small series studies.37–44

In our study, we observed a high fusion rate

compared with other similar series in the literature.
The documented fusion rate in other series ranges

from 84.6% to 93.8% and from 94.3% to 96.3% in

unilateral and bilateral instrumented TLIF respec-
tively. We report a fusion rate of 97.3% in the

unilateral and 98.4% in the bilateral instrumenta-

tion group. The high fusion rate observed in our
study could be attributed to the traditional open

approach with adequate access to disc space,

meticulous disc space preparation, and adequate
autologous bone grafting of the fusion bed.

Posterior cage migration is a recognized compli-

cation when an interbody cage is used for lumbar

spine fusion, with the reported prevalence of 1.17%
to 14.7% after TLIF or posterior lumbar interbody

fusion.47–49 Undersizing of the cage, UPSF, bullet-

type cages, pear-shaped discs, surgeon experience,
high preoperative disc height, and posterior position

of the cage all have been reported as risk factors for

posterior cage migration following TLIF or poste-
rior lumbar interbody fusion.47–50 In our series, the

overall posterior cage migration was 1.7% with no

difference between unilateral and bilateral instru-

mented TLIF. All four cases were asymptomatic
and went on to fusion in situ without compromising

the patient clinical outcome. In our practice, there

was no higher cage migration rate in unilateral
instrumentation than in bilateral instrumentation,

and it contradicts the previous documentation of

unilateral instrumentation being a risk factor for
posterior cage migration.

A recent systematic review and meta-analysis on
the subject reported equivalency between unilateral
and bilateral fixation when performed in adult
patients who do not have significant unstable
lumbar conditions.51

The present study has several strengths. These
include a prospective database review, the largest
number of patients in each group, specifically
comparing open TLIF approach with either BPSF
or UPSF, single-surgeon series standardizing the
surgical technique, single pedicle screw system and
intervertebral cage system, and the use of validated
patient-reported outcome measures. The study also
has unique selection criteria defining the target
patient group that would benefit from unilateral
instrumented TLIF for symptomatic lumbar degen-
erative disc disorder. This is the first and largest
comparative study, which limits the confounding
factors of other studies, validating the outcome that
unilateral instrumentation in TLIF is safe and
efficacious compared with traditional BPSF. The
shortcoming of this study is that the surgery (either
UPSF TLIF or BPSF TLIF) was offered to only a
select group of patients as mentioned in the
indications. However, the aim of the study is to
highlight comprehensive criteria to select patients
for unilateral fixation in TLIF. The other limitation
is that we have not evaluated the influence of spino-
pelvic parameters on the outcome after single-level
short spinal fusion.

CONCLUSIONS

UPSF in TLIF is comparable with BPSF in terms
of patient-reported clinical outcomes, fusion rates,
and complication rates with the additional benefits
of less operative time, less blood loss, shorter
hospitalization time, and less cost in selected cases
of lumbar degenerative disc disorder.
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