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Background:  Various  surgical  procedures  have  been  recommended  for the  treatment  of  degenerative
spondylolisthesis,but  Controversy  still exists  regarding  the  optimal  surgical  technique  .  In this  study,we
compared  the  clinical  and  radiologic  outcome  of  the  Transforaminal  lumbar  interbody  fusion(TLIF)
method  with  the  Instrumented  Posterolateral  fusion(PLF)  in  these  patients.
Methods:  The  study  population  in this  retrospective  study  consisted  of 145  consecutive  patients  of  degen-
erative  spondylolisthesis  who  had  undergone  lumbar  fusion  in our  institute  between  September  2010  and
October 2013.  The  patients  were  divided  into  two  treatment  groups,  where  either  instrumented  PLF  with
pedicle  screw(180◦ fusion)  or  TLIF  procedure(360◦ fusion)  was done.  The  follow-up  was performed  clini-
cally  using  the Oswestry  Disability  Index  (ODI),  visual  analogue  scale  (VAS)and  global  outcome.  Outcome
scores  were  assessed  at 3, 6, 12,  and  24  months  after  surgery.  Radiographs  were  obtained  postoperatively
and  at regular  intervals  for 24  months.  Perioperative  outcomes  such  as  surgery  time,  blood  loss,  length
of  hospital  stay  and  incidence  of surgical  complications  were  also  recorded.
Results:  80  patients  underwent  TLIF  procedure  and  65  patients  were  included  in the  instrumented  PLF
group.  There  were  no  significant  differences  between  the  groups  with  respect  to age,gender,Body  Mass
Index,smoking  and  comorbid  conditions(p  > 0.05).  No  significant  difference  existed  in Pre-operative  VAS
for back  pain,VAS  for  leg  pain  and  ODI between  the  two groups(p  > 0.05).  There  were  no  significant  group
differences  in the  operation  level,hospital  stay  and  surgical  complications(all  p  >  0.05).  Blood  loss,  oper-
ation time  and  fusion  success  rate were  significantly  greater  in  the  TLIF  group  than  in  the  PLF  group  (all

P  < 0.05).  Significant  differences  between  groups  concerning  VAS  for back pain,ODI  and  Global  outcome
were  present  at  final  follow-up.  There  was no significant  difference  between  the  two  groups  with  respect
to  VAS  for  leg  pain.
Conclusion: Our  study  showed  that  TLIF  is  superior  to  PLF  with  respect  to  functional  outcome  and  fusion
rate.

© 2016  Elsevier  B.V.  All  rights  reserved.
. Background

Spondylolisthesis is a complex and challenging multifacto-
ial condition. Spondylolisthesis is the forwards slippage of one

ertebra on another.Degenerative spondylolisthesis differs from
pondylolytic spondylolisthesis by the absence of a pars interartic-
laris defect (spondylolysis), i.e., in Degenerative spondylolisthesis

Abbreviations: VAS, visual analogue scale; ODI, oswestry disability index; TLIF,
ransforaminal lumbar interbody fusion; PLF, posterolateral fusion.
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the whole upper vertebra (vertebral body and posterior part of the
vertebra including neural arch and processes) slips relative to the
lower vertebra.Degenerative changes within the facet joints are
partly responsible for allowing forward slip.It is more common in
people over age 50, and far more common in individuals older than
65. [1,2]. Medical treatment is usually the first line of management.
Surgical options are preserved to cases with failure of conservative
treatment or those with neurological deficits. The ideal surgi-
cal treatment for spondylolisthesis remains controversial. Surgical
decompression alone may  be performed for the treatment of low

grade degenerative lumbar spondylolisthesis in some patients [3],
but Surgical treatment of spondylolisthesis generally consists of a
fusion procedure with or without neural decompression[4,5]. Pos-
terolateral fusion (PLF) using pedicle screw has long been the gold
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tandard for the surgical treatment of degenerative spondylolis-
hesis. However, it is difficult to achieve a solid fusion from the
osterior approach because of the laminar bone removal limits the
osterolateral bony host bed available for grafting. To solve this
roblem, other fusion procedures including anterior lumbar inter-
ody fusion (ALIF) or “360◦-fusion” e.g., PLF in combination with
LIF, posterior lumbar interbody fusion(PLIF) or Transforaminal

umbar interbody fusion (TLIF) have been introduced [6,7]. Biome-
hanically, TLIF provides anterior column support and a posterior
ension band. Moreover, a circumferential fusion may  be achieved
hrough a single posterior approach if a lumbar interbody fusion is
ombined with posterolateral fusion. In theory TLIF provides sev-
ral advantages when compared with PLF as it immobilizes the
ainful degenerated spinal segments, decompress the nerve roots,
nd restores disc height and root canal dimensions, as well as load
earing ability of the anterior structures. successful interbody con-
truct reduces the postoperative segmental mobility and permits
etter graft incorporation [8]. Consequently, interbody fusion is
ecognized by many to be the treatment of choice for degenera-
ive spondylolisthesis of the lumbar spine.Despite these theoretical
dvantages, Controversy still exists in regards to which technique
s superior to the others for the treatment of degenerative spondy-
olisthesis.In this regard we decided to compare the instrumented
LF method with the TLIF,in patients with degenerative spondy-

olisthesis.

. Methods

The study population in this retrospective study (an obser-
ational study using analytic retrospective study cohort design)
onsisted of 145 consecutive patients of degenerative spondy-
olisthesis who had undergone lumbar fusion in our institute
etween September 2010 and October 2013. Informed consent
ere obtained from patients before the operation.Clinical data of

atients were anonymized by the author. The choice of lumbar
usion technique was individualized based on clinical needs of
ach patient,surgeon preferences and patients request according
o the informed consent and explanation of various surgical proce-
ures. The patients were divided into two treatment groups,where
ither instrumented PLF with pedicle screw(180◦ fusion) or TLIF
rocedure(360◦ fusion) was done. Inclusion criteria consisted
f Degenerative spondylolisthesis(grade 1 or 2) at single level,
atients with back and/or leg pain with or without neurological
ymptoms who failed to respond to at least six weeks of non-
urgical treatment and at least 2 years of follow-up. Exclusion
riteria consisted of: Degenerative spondylolisthesis grade 3 and
;greater than 2 level instrumentation; Spondylolysis and other
ypes of spondylolisthesis; Patients who have had posterolateral
usion without instrumentation; Nonunion; history of prevoius
urgery to the lumbar spine; Concomitant deformities of the spine
scoliosis, tumor, or trauma) and osteoporosis diagnosed by means
f radiography and bone mineral density examination.Primary
iagnosis of spondylolisthesis was made by AP and Lateral plain
-Rays. Standing Lateral flexion and extension dynamic X-Rays
erformed in order to evaluate the stability of the lumbar area.
umbosacral MRI  was performed on all the cases.

All surgical operations were performed by the same surgeon
sing the same surgical technique. surgeries were done in prone
osition under controlled hypotensive general anaesthesia. At the
eginning, pedicle screws were inserted for the patients by a mid-

ine approach. When indicated,hemilaminectomy or laminectomy

as done and nerve root was followed out past its nerve root canal

o ensure adequate decompression and remove any other bony or
oft tissue impingement. In the TLIF group, the facet joint of the
ntended levels was identified and the inferior and superior facets
Fig. 1. Lumbosacral MRI  Showing L4/L5 spondylolisthesis.

were resected to gain access to the disc space. An annulotomy
was made, followed by complete discectomy and endplate prepa-
ration. The pedicle screws were used to distract. The upper nerve
was identified and protected.The PEEK(polyetheretherketone) cage
filled with autologus bone was  placed after cleaning the disc space.
Compression over the disc space was  done after placement of the
cage in order to create lordosis. Autograft from the lamina, spinous
process and facet joint were used as bone graft and placed on the
transverse process of the vertebrae fused. The suction drains were
removed after the second post operative day. Sutures removal was
done on the 10th post operative day. Ambulation was  started on
the 2nd post operative day with a lumbosacral brace which they
wore for 3 months.

Patient-assessed questionnaires included the visual analogue
scale (VAS) for low back pain and leg pain and the Oswestry
Disability Index (ODI) for disability and quality of life.The global
outcome was  measured during follow- up period, on a 4 point
Likert scale(helped a lot,helped only little,didn’t help,made things
worse). Radiographs were obtained postoperatively and at regular
intervals for 24 months. The criteria used to prove solid fusion in
patients were: Trabeculae seen bridging the interbody gap with iso-
dense bone in the cage and the adjacent vertebral bodies,Anterior
and/or posterior sentinel signs,No lucencies around the pedicle
screws,No lucencies around the cages, Integration of the cage with
the endplates and silhouetting of the cage, No  evidence of motion
on dynamic flexion and extension x-rays.

Perioperative outcomes such as surgery time, blood loss, length
of hospital stay and incidence of surgical complications were also

recorded.

The statistical analysis was performed with Statistical Package
for the Social Sciences, Version 18 (SPSS, Inc., Chicago, IL,United
States). Descriptive statistics for Continuous data was  presented as
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Fig. 2. A postoperative X-ray illustrating the pedicle screw construct and interbody
cage used to correct the deformity.

Table 1
Demographic data of patients.

variable TLIF group
(N = 80)

PLF group
(N = 65)

P value

Age(year) 58.3 ± 9.6 59.6 ± 10.1 0.429
Gender: 0.133
Male 29 16
Female 51 49
Body Mass Index(kg/m2) 28.4 ± 1.9 28.1 ± 1.2 0.270
Smoking 0.737
Yes  10 7
No 70 58
Comorbid conditions: 0.579
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logic deficits will do well with conservative care. Patients who
present with sensory changes, muscle weakness or cauda equina
syndrome, are more likely to develop progressive functional decline

Table 2
Baseline self-rated clinical data of patients.

Variable TLIF(N = 80) PLF(N = 65) P value
Diabetes 8 6
Cardiovascular problem 15 10

ean ± standard deviation. For unpaired data, the Mann-Whitney
 test was used, and for paired data, the Wilcoxon signed rank

est was used. The chi-square test was used for the comparisons
etween ordinal variables such as global outcome. For statistical
ignificance, the probability value of less than 0.05 was  considered.
he Medical Ethical Committees of Urmia University of medical
ciences approved the study.

. Results

Eighty patients underwent TLIF procedure(Figs. 1, 2) and
ixty-five patients were included in the instrumented PLF

roup(Figs. 3, 4). A summary of demographic and pre-operative
ata is presented in Table 1. There were no significant differ-
nces between the groups with respect to age,gender,Body Mass
ndex,smoking and comorbid conditions.Pre-operative baseline
Fig. 3. Lumbosacral MRI  Showing L4/L5 spondylolisthesis.

clinical data of patients is presented in Table 2. There was a similar
lack of significant group difference for all variables.Surgery related
parameters are shown in Table 3. There were no significant group
differences in the operation level,hospital stay and surgical compli-
cations(all p > 0.05). Blood loss, operation time and fusion success
rate were significantly greater in the TLIF group than in the PLF
group (all P < 0.05).

Table 4 shows the outcomes in the two groups, 2 years after
surgery. There were significant differences between the groups in
relation to VAS for back pain,ODI and Global outcome. These vari-
ables were significantly better in the TLIF group than the PLF group.
There was  no significant difference between the two groups with
respect to VAS for leg pain at final follow- up.

4. Discussion

Degenerative spondylolisthesis is an acquired anterior displace-
ment of one vertebra over the subjacent vertebra, associated with
degenerative changes,without an associated disruption or defect
in the vertebral ring. The majority of patients with symptomatic
degenerative lumbar spondylolisthesis and an absence of neuro-
VAS for back pain 7.5 ± 1.9 6.9 ± 2.7 0.119
VAS for leg pain 5.2 ± 2.3 4.9 ± 2.2 0.427
ODI  27.9 ± 11.1 29 ± 10.9 0.550
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Table  3
surgery related parameters in TLIF and PLF groups.

Variable TLIF(N = 80) PLF(N = 65) P value

Operation level: L4/L5 L5/S1 L3/L4 53 21 6 39 19 7 0.4350.6890.490
Operation time (min) 165 ± 36 130 ± 28 0.0001
Spondylolithesis Grade: 1 2 72 8 59 6 0.872
Blood loss (ml) 810 ± 232 657 ± 186 0.0001
Hospital stay (day) 6.2 ± 3.4 5.7 ± 2.9 0.348
Complications: Infection Durotomy Root injury 3 4 2 2 3 1 0.6890.9120.689
Fusion success (%) 92 81 0.049

Table 4
Outcome scores of patients at final follow-up.

Variable TLIF(N = 80) PLF(N = 65) P value

VAS for back pain 1.9 ± 0.8 2.3 ± 1.4 0.032
VAS  for leg pain 2.4 ± 1.6 2.7 ± 2.0 0.317

10.9 ± 7.3 15.4 ± 9.5 0.001
0.001

69 6 4 1 41 13 7 4
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ODI  

Global Outcome:
−helped a lot−helped only little−didn’t help−made things worse 

ithout surgery [9]. The surgical treatment of choice for the man-
gement of degenerative spondylolisthesis remains a matter of
ontroversy [10]. Surgical decompression with fusion is recom-
ended for the treatment of patients with symptomatic spinal

tenosis and degenerative lumbar spondylolisthesis to improve
linical outcomes [11].

Although Several comparative studies of different fusion tech-
iques have been performed in lumbar conditions,but there is

nsufficient evidence to make a recommendation for or against
he use of either decompression with posterolateral fusion or
60◦ fusion in the surgical treatment of patients with degen-
rative lumbar spondylolisthesis. Swan et al. [12]. compared
nstrumented posterolateral fusion with circumferential fusion in
atients with radiographically unstable isthmic spondylolisthe-
is in a non-randomized prospective cohort study and realized
ignificantly better outcomes with 360◦ fusion at 6 months and

 year, however, between-group differences attenuated apprecia-
ly after 24 months. Park et al. [13], retrospectively compared the
utcomes of patients undergoing either decompression alone or
ecompression with fusion and fixation for the treatment of degen-
rative spondylolisthesis. this study showed that in patients with
table degenerative lumbar spondylolisthesis, results of unilateral
aminectomy and bilateral decompression may  be similar to instru-

ented fusion for functional outcomes and lower extremity pain
cores. Martin et al. [14] conducted a systematic review designed
o identify and analyze comparative studies that examined the
urgical management of degenerative lumbar spondylolisthe-
is, specifically the differences in outcomes between fusion and
ecompression alone, and between instrumented fusion and non-

nstrumented fusion. This paper showed that fusion leads to a
etter clinical outcome compared with decompression alone and
he use of adjunctive instrumentation leads to improved fusion sta-
us and less risk of pseudarthrosis. Their data does not demonstrate
ny difference in clinical outcomes between instrumented and
oninstrumented fusions. In a retrospective comparative study,
a et al. [15] evaluated the effects of posterior lumbar interbody

usion (PLIF) after posterolateral fusion (PLF) on patients under-
oing surgical treatment for degenerative spondylolisthesis. Forty
atients, who underwent single level decompression and poste-
ior instrumentation at L4-5, were followed for at least 2 years.
his study showed that the addition of PLIF to unstable segments
ay  improve the surgical outcome for degenerative spondylolis-
hesis and appears to improve disc height. Rousseau et al. [16]
onducted a retrospective comparative study of 24 consecutive
atients undergoing decompression and transpedicular fixation
o treat symptomatic degenerative lumbar spondylolisthesis. The
Fig. 4. Lateral X- ray of L4/L5 spondylolisthesis operated on with laminectomy and
pedicular screw construct.

authors concluded that posterior decompression and fusion is suc-
cessful in treating degenerative lumbar spondylolisthesis and that
the additional circumferential fusion yields significant improve-
ment in functional outcomes. Andersen et al. [17] randomized
patients with a variety of degenerative conditions to posterolateral
fusion with or without pedicle screw instrumentation and found
no significant differences in pain outcomes at 5 years.Fritzell et al.
[18], randomized 222 patients with degenerative low back pain to

posterolateral in situ fusion,instrumented PLF and 360◦ fusion and
72 patients to a nonsurgical group. The clinical outcomes were the
same among the 3 fusion groups at 2-years.
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In our study,we observed better clinical outcome in the
LIF group compared to the PLF group after 2 years. Hoy et
l[19],performed a randomized study comparing TLIF with a PLF
rocedure, and found no significant difference with respect to func-
ional outcome . There was no significant difference between the
wo groups with respect to VAS for leg pain.This result is in contrast
o the finding of HØy et al. (They observed slightly more leg pain in
he TLIF group at 2-year follow-up).

The radiologic successful fusion rate in this study(92% in TLIF
roup and 81% in PLF group) is close to the 90% to 100% reported
y another studies [20,21].

Operation time and blood loss were significantly higher in the
LIF group, but did not prolong their hospital stay. In our study,the
omplication rate in the TLIF group was not significantly higher
han the PLF group. This may  be due to the fact that all the opera-
ions were performed by an experienced surgeon in a single-center.
ur study had several limitations that must be considered while

nterpreting its results, including its retrospective, nonrandomized
esign. In addition, there was a possibility of selection bias as the
urgeon tended to choose TLIF for some patients and PLF for the
thers.

. Conclusion

With Our study showed that TLIF is superior to PLF with respect
o functional outcome and fusion rate.
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