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Objective This retrospective study aims to compare the clinical and radiological 
outcomes of posterolateral fusion (PLF) with transforaminal lumbar interbody fusion 
(TLIF + PLF) for the treatment of patients with low-grade spondylolisthesis.
Methodology A total of 77 adult patients ≥18 years with low-grade spondylolisthesis, 
Meyerding grades I and II, were assigned into two groups: 36 patients treated with PLF 
and 41 patients treated with TLIF + PLF. The PLF group is composed of the patients 
that were operated with pedicle screw and the TLIF + PLF group is composed of the 
ones that were operated with fixation and TILF by autografting. Clinical evaluation was 
performed using the spino-pelvic sagittal balance, Numeric Rating Scale, Oswestry 
Disability Index, blood loss, operation times, and postoperative hospital stay of the 
PLF vs TLIF groups. The incidences of postoperative low back pain and radicular pain 
in the two groups were also recorded. Radiography was performed preoperatively and 
postoperatively to assess spino-pelvic parameters.
Results Significant restoration of spino-pelvic sagittal balance was observed in the TLIF 
group after surgery, and all spino-pelvic sagittal balance parameters showed significant 
improvement in the TLIF group after surgery, while in the PLF group, all spino-pelvic sagittal 
parameters had improved except the segmental angle lordosis (p = 0.316), which showed 
no significant difference after surgery in the PLF group. Postoperative pelvic incidence and 
pelvic tilt significantly improved in the TLIF group in comparison to PLF groups. Hence, TLIF 
can achieve better postoperative spino-pelvic sagittal balance parameters than PLF. There 
was no difference in the complication rates for each group. Both groups achieved significant 
improvement in postoperative clinical outcomes, and there was no significant difference in 
the incidence of postoperative low back pain or radicular pain between the two groups.
Conclusion Both surgical procedures PLF and TLIF were effective. PLF and TLIF can 
result in improved clinical and radiological outcomes for patients treated for low-grade 
spondylolisthesis. TLIF can achieve better restoration of spino-pelvic sagittal balance 
parameters than PLF alone.
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Introduction
Spondylolisthesis is a stress injury, which can be found in 
patients with chronic low back pain (CLBP) and radicular 
pain during the clinical assessment.1,2 Spondylolisthesis is 
known as an anatomical defect, commonly seen in the lower 
lumbar vertebrae.1,2 It is the anterior displacement of one 
vertebra relative to the subjacent vertebra. This defect mostly 
happens at levels L4–L5 and L5–S1.3 In low-grade spondylo-
listhesis, the spino-pelvic parameters change to compensate 
for the variations of spine mobility.4 Diminishing of the lum-
bar lordosis (LL) is followed by a reversed ratio of extensors/
flexors muscle power compared with normal controls.5 It 
has been demonstrated that the segmental and global LL are 
reduced resulting in increased pelvic incidence (PI) and thus 
transferring the tension to the posterior elements resulting 
in aggravated deformity, pain, and disability.6 Thus, eval-
uation and measurement of spino-pelvic parameters are 
recommended before surgical correction of the low-grade 
spondylolisthesis.4 For patients with low-grade spondylolis-
thesis, nonsurgical treatment that is a combination of pain 
medication and physiotherapy is recommended.7 Within 
the last decades, posterolateral fusion (PLF)8,9 and trans-
foraminal lumbar interbody fusion (TLIF)10,11 have become 
the most popular techniques that can stabilize the lumbar 
spine, and effectively improve postoperative performance 
scores.8,9,12,13 However, the desirability of each technique is 
debatable. Several studies compare the use of PLF and TLIF. 
Potter et al claimed that TLIF is an effective way to achieve 
lumbar fusion.41  The results showed that the pain among 29% 
of patients had completely diminished, and in 50% of patients 
pain had significantly improved.14 Additionally, TLIF has been 
stated as the most beneficial technique to repair the height 
of disc space.14 On the other hand, Aygün et al confirmed that 
the complication in the PLF technique was very low. They also 
reported that the other advantages of this method comprise 
low blood loss and reduced operation time.15 Hence, this ret-
rospective cross-sectional study aims to assess the clinical 
and radiological outcomes of PLF with TLIF in the treatment 
of spondylolisthesis.

Materials and Methods
Study Population
This retrospective cross-sectional study was performed on a total 
of 77 patients who underwent PLF or TLIF surgery technique 
to treat spondylolisthesis during a 3-year period from January 
2016 to December 2018 in Neurosurgery Department of Shahid 
Chamran Hospital, Shiraz University of Medical Sciences, Shiraz, 
Iran. Thirty-six patients (3 men and 33 women) were operated 
by the PLF technique, while 41 patients (16 men and 25 women) 
underwent TLIF surgery. The present study was approved by the 
local Ethics Committee of Shiraz University of Medical Sciences. 
Inclusion criteria were as follows: adult (≥18 years) patients 
with low-grade degenerative or isthmic spondylolisthesis—
where low-grade spondylolisthesis was defined as Meyerding 
classification grades I and II—who had level 1 spondylolisthesis, 
and complained of neurological symptoms. The follow-up was 

at least 12 months, and the parameters and the pain intensity 
were measured. Exclusion criteria were patients who had more 
than level 1 spondylolisthesis, and also patients with trauma, 
tumor, or infection, which is the cause of spondylolisthesis.

Radiographic Data
A radiograph image of standing anterior–posterior and lateral 
lumbar spines were taken before and after the surgery. Spino-
pelvic sagittal balance measurement is defined by Cobb’s 
method. LL is defined as the angle between the superior end-
plate of L1 vertebrae and the sacral plate. Segmental lordosis 
(SL) is defined as the angle between the upper endplate of the 
superior vertebral body and the lower endplate of the inferior 
vertebral body of the spondylolisthesis level. Sacral slope (SS) 
is defined as the angle between the sacral plate and the hori-
zontal line. PI is defined by the line perpendicular to the mid-
point of the sacral plate and the line between the midpoint of 
the sacral plate and the center of femoral heads. Pelvic tilt (PT) 
is defined by the angle between the line connecting the mid-
point of the sacral plate with the center of femoral heads and 
the vertical line (►Figs. 1 and 2).

Classification Systems
In the current study, spondylolisthesis is classified accord-
ing to Wiltse and Meyerding classifications that are the most 
common in this field.

Dynamic Imaging
All patients had a radiographic assessment of the lumbosacral 
spine, including standing neutral, flexion, and extension plain 
lumbar radiography, computed tomography (CT) imaging, and 
magnetic resonance imaging (MRI). A comparison of flexion/
extension lumbosacral X-ray with lateral X-ray has been tradi-
tionally helpful in identifying segmental mobility.16 MRI or CT, 
when MRI is contraindicated, has become the routine method 
to assess the degree of stenosis in spondylolisthesis. Hence, it 
might be helpful in mobility assessment. In comparison to the 
standing lateral radiography, it is often sufficient to identify 
mobility in listhetic level, thereby negating the need for flexion/
extension radiographs.17

Fig. 1 Spino-pelvic sagittal balance measurement, before surgery 
(A) and after surgery (B), of a 54-year-old female patient who suf-
fered from isthmic spondylolisthesis at the L5–S1 level and under-
went posterolateral fusion (PLF). LL, lumber lordosis; SL, segmental 
lordosis; SS, sacral slope; PI, pelvic incidence; PT, pelvic tilt.



53Comparative Study between TLIF and PLF for Treatment of Spondylolisthesis Farrokhi et al.

Indian Journal of Neurotrauma Vol. 18 No. 1/2021 © 2020. Neurotrauma Society of India.

Stability Assessment
We defined instability as a radiologically demonstrated 
motion of the spondylolisthesis beyond the expected normal 
values in a normal spine. There are many other classifications, 
as White and Panjabi considered sagittal plane displacement 
> 4.5 mm (or 15% of the anteroposterior diameter of the ver-
tebral body) or sagittal plane angulation > 22 degrees to be 
potentially unstable, while Nachemson mentioned insta-
bility to be > 3 mm translational motion and > 10 degrees 
angular motion between L1 and L5 and > 4 mm translational 
motion and > 20 degrees angular motion at L5–S1.18 Although 
the degenerative spondylolisthesis is not always unstable, 
the identification of the patients with dynamic instability 
can help manage this situation.19

Operative Technique
The patients were all operated under the general anesthe-
sia in the prone position. Two rolls were placed under the 
chest and the pelvis to avoid pressure injury during the 
operation. The posterior approach was utilized and the lev-
els were cleared using intraoperative fluoroscopy. A mid-
line incision was made to expose the spinous processes by 
exposing the posterolateral elements. Posterior spinal fixa-
tion was performed via pedicular screw insertion (SA-IRAN/
ATA/OSVEH set) in all patients. Pedicular screw fixation of 
the involved levels was performed under the guidance of 
anatomical landmarks and fluoroscopy using the polyax-
ial screws. In the PLF group, a bone graft from the spinous 
processes and laminae was placed on decorticated trans-
verse processes and facet joints bilaterally. Laminectomy 
and root foraminotomy were performed according to 
the side of the patients’ complement. In the TLIF group, a 
nearly complete discectomy and endplate decortications 
were performed. Intervertebral disc space spreaders were 
then inserted and rotated to restore the normal disc space 
height. Bone graft from the lamina and spinous processes 
was placed into the cage before insertion. Cages (SA-IRAN/
ATA/OSVEH set) packed with bone graft were inserted into 

the disc space. Next, the cage was filled with autograft and 
allograft (Tissue Regeneration Inc., Kish, Iran) and was then 
carefully impacted into position. The cage was pushed as 
anterior as possible and the location was checked with fluo-
roscopy. Complete evaluation of dural sac and neural foram-
ina was done, and acceptable decompression was achieved. 
Irrigation was done, and gelfoam was applied over the 
dura. Bilateral PLF with transverse process osteotomy and 
allograft was done. The wound was copiously irrigated and 
closed with a Hemovac drain in place (►Figs. 3 and 4).

Clinical Outcomes
To assess the clinical outcomes before and after surgery, the 
following two methods were used.

1. Oswestry Disability Index (ODI): This questionnaire 
was designed in a way that one can manage how back 
pain affects the daily life of a patient. This questionnaire 
consists of 10 parts. The total score for each section is 
5 points.20

2. Numeric Rating Scale (NRS): NRS requires the patient to 
rate their pain on a scale from 0 to 10, where 0 is assigned 
to no pain and 10 is the worst pain imaginable.21

Statistical Analysis
For data analysis, Statistical Package for the Social Sciences 
(SPSS Inc.; Chicago, Illinois, United States) version 15 was 
used. We analyzed the dependent variable as a mean ± stan-
dard deviation (SD). Independent t-test and chi-squared test 
were used to analyze the categorical variables. p-Values less 
than 0.05 were considered to be statistically significant.

Results
►Table  1 shows the demographic characteristics of the 
patients in PLF and TLIF groups. A total of 77 patients 
(36 patients treated with PLF and 41 patients treated with 
TLIF) participated in this study. The average ages of patients in 
PLF and TLIF groups were 55.34 ± 8.76 and 52.02 ± 7.95 years. 
In addition to the descriptive level, the findings revealed 
that hospital stay (days), follow-up (months), opera-
tive time (hour), and blood loss (mL) means and SD were 
7.58 ± 3.23, 17.88 ± 7.31, 4.6 ± 0.898, and 893.05 ± 399.13 in 
the PLF group and 8.24 ± 2.32, 19.80 ± 8.73, 4.31 ± 0.723, and 
1,073.65 ± 120.82 in the TLIF group, respectively.

All parameters of the spino-pelvic sagittal balance, 
including LL (p = 0.002), SS (p = 0.007), PI (p < 0.001), and PT 
(p = 0.04) in the PLF group and LL (p = 0.007), SL (p = 0.006), SS 
(p < 0.001), PI (p < 0.001), and PT (p < 0.001) in the TLIF group 
significantly improved after surgery. However, SL (p = 0.316) 
was not found to be statistically different from the baseline 
in the PLF group after surgery. Almost all patients in both 
groups achieved significant improvements throughout NRS 
(p < 0.001) and ODI (p < 0.001) after surgery. The changes in 
spino-pelvic parameters and the clinical outcome measures 
in PLF and TLIF groups are summarized in ►Tables 2 and 3.

►Table 4 shows the comparative assessment of the vari-
ables for any spino-pelvic sagittal balance between PLF 

Fig. 2 Spino-pelvic sagittal balance measurement, before surgery 
(A) and after surgery (B), of a 51-year-old female patient who suf-
fered from degenerative spondylolisthesis at the L3–L4 level and 
underwent transforaminal lumbar interbody fusion (TLIF). LL, lumber 
lordosis; SL, segmental lordosis; SS, sacral slope; PI, pelvic incidence; 
PT, pelvic tilt.
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and TLIF groups. No significant differences were observed 
between the two groups preoperatively, but the results of 
the postoperative level showed that PI (p = 0.023) and PT 
(p = 0.021) in the PLF group were significantly different from 
the TLIF group.

Finally, 8/36 (22.22%) patients in the PLF group and 10/41 
(24.39%) in the TLIF group suffered from low back pain postop-
eratively. Besides, 11/36 (30.55%) and 13/41 (31.70%) patients 
in the PLF and TLIF groups were experiencing radicular pain, 
respectively. The comparison of clinical outcome measures 
between PLF and TLIF groups is summarized in ►Table 5.

Overall, we recorded two patients with complications. 
One of them was in the TLIF group (1/41; 2%) who developed 
postoperative epidural hematoma presenting as back pain 
and paraparesis 24 hours after the operation. The patient 

underwent emergency reoperation and the hematoma was 
removed and he recovered partially after 4 months of physio-
therapy and conservative management. Besides, one patient 
was in the PLF group (1/36; 2%) who developed ipsilateral 
weakness of extensor hallucis longus. The muscle power 
recovered completely after 3 months of physiotherapy and 
conservative care.

Discussion
Few studies have directly compared the TLIF and PLF tech-
niques. Nevertheless, a systematic review and meta-analysis 
by Levin et al reported that in patients with spondylolisthe-
sis, TLIF is superior to PLF. This finding is the result of radio-
graphic data. However, the data from this study support and 

Fig. 3 Preoperative sagittal-computed tomographic scan (A), sagittal T2-weighted magnetic resonance image (B), sagittal lateral view (C), 
and postoperative sagittal lateral view (D) of a 52-year-old female patient who suffered from degenerative spondylolisthesis at the L4–L5 level 
and underwent posterolateral fusion (PLF). CT, computed tomography; MRI, magnetic resonance imaging.

Fig. 4 Preoperative sagittal-computed tomographic scan (A), sagittal T2-weighted magnetic resonance image (B), sagittal lateral view (C), 
and postoperative sagittal lateral view (D) of a 51-year-old female patient who suffered from degenerative spondylolisthesis at the L3–L4 level 
and underwent transforaminal lumbar interbody fusion (TLIF). CT, computed tomography; MRI, magnetic resonance imaging.
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only confirm the superiority of TLIF over PLF.22 PLF is con-
sidered superior to the other fusion procedures in terms of 
anterior column support, sufficient decompression of nerve 
roots, and restoration of lumbar alignment.23,24 Several pre-
vious studies reported the improvement in clinical efficacy 
of PLF.25

In our study, the results showed that both surgical proce-
dures, PLF and TLIF, were effective. However, the superiority 

of each method is still debatable. It can be said that the most 
common interbody fusion technique is TLIF, whereas PLF is 
the most common technique for treating lumbar spondylo-
listhesis.26 In our previous study in 2012, we evaluated PLF 
with posterior lumbar interbody fusion (PLIF) in isthmic 
spondylolisthesis patients. The results showed that PLF had 
improved clinical outcomes and obtained much less back 
pain than PLIF.7 In the current study, significant restoration of 

Table 1  Comparative analysis of demographics of the two groups PLF and TLIF

PLF group TLIF group p-Valuea

Number of patients 36 41

Sex (male/female) 3/33 16/25 0.002

Age (55.34 ± 8.76) (52.02 ± 7.95) 0.088

Operation segments

L3–L5 18 23 0.985

L4–S1 1 0

L4–L5 1 3

L5–S1 5 15

Hospital stays (days) (7.58 ± 3.23) (8.24 ± 2.32) 0.039

Follow-up (months) (17.88 ± 7.31) (19.80 ± 8.73) 0.304

Operative times (hour) (4.6 ± 0.898) (4.31 ± 0.723) 0.029

Blood loss (mL) (893.05 ± 399.13) (1,073.65 ± 120.82) 0.0001

Abbreviations: PLF, posterolateral fusion; TLIF, transforaminal lumbar interbody fusion.
ap < 0.05.

Table 2  Changes in spino-pelvic sagittal balance parameters NRS and ODI in PLF group

Before surgery After surgery p-Valuea

LL (48.47 ± 9.62) (49.19 ± 8.86) 0.002

SL (14.47 ± 4.98) (14.69 ± 6.10) 0.316

SS (30.36 ± 9.15) (31.77 ± 6.90) 0.007

PI (53.83 ± 9.46) (54.16 ± 7.97) 0.0001

PT (22.47 ± 6.00) (22.50 ± 6.51) 0.044

NRS (6.88 ± 1.76) (4.61 ± 1.88) 0.0001

ODI (48.00 ± 5.32) (27.36 ± 7.10) 0.0001

Abbreviations: LL, lumbar lordosis; NRS, Numeric Rating Scale; ODI, Oswestry Disability Index; PI, pelvic incidence; PLF, posterolateral fusion; PT, pelvic 
tilt; SL, segmental lordosis; SS, sacral slope.
ap < 0.05.

Table 3  Changes in spino-pelvic sagittal balance parameters NRS and ODI in TLIF group

Before surgery After surgery p-Valuea

LL (48.65 ± 8.73) (47.317 ± 8.44) 0.007

SL (15.19 ± 6.20) (16.95 ± 5.77) 0.006

SS (33.26 ± 7.15) (32.07 ± 5.58) 0.0001

PI (52.14 ± 7.39) (50.60 ± 5.38) 0.0001

PT (18.46 ± 7.22) (19.26 ± 5.54) 0.0001

NRS (7.48 ± 1.66) (3.80 ± 1.43) 0.0001

ODI (50.09 ± 6.62) (24.58 ± 6.66) 0.0001

Abbreviations: LL, lumbar lordosis; NRS, Numeric Rating Scale; ODI, Oswestry Disability Index; PI, pelvic incidence; PT, pelvic tilt; SL, segmental lordosis; 
SS, sacral slope; TLIF, transforaminal lumbar interbody fusion.
ap < 0.05.



56

Indian Journal of Neurotrauma Vol. 18 No. 1/2021 © 2020. Neurotrauma Society of India.

Comparative Study between TLIF and PLF for Treatment of Spondylolisthesis Farrokhi et al.

all spino-pelvic sagittal parameters was observed in the TLIF 
group after surgery, and, at the same time, all spino-pelvic 
sagittal parameters had improved in the PLF group, except 
the SL, which showed no significant difference after sur-
gery in the PLF group. Previous studies have revealed that 
deterioration of natural spino-pelvic sagittal balance may 
lead to poor clinical outcomes. It was also reported that 
patients having low back pain showed lower SS and LL com-
pared with normal controls.27 However, the influence of spi-
no-pelvic sagittal balance restoration on clinical outcomes 
remains controversial.28,29 Although most patients were sat-
isfied with the clinical results after surgery, some patients 
suffered from newly initiated or recurrent low back pain, 
which is called failed surgery syndrome or chronic low back 
pain.30 Wang et al stated that paraspinal muscle degener-
ation and low back pain before surgery are risk factors for 
CLBP after surgery.31 Mukai et al reported that postoperative 
muscle strain may be related to low back pain.32 There was 
no difference in the rate of complication in each group. Both 
groups achieved significant improvement postoperatively 
in the clinical outcomes, and there was no significant dif-
ference in the incidence of postoperative low back pain or 
radicular pain between the two groups. The results of this 
study showed that postoperatively, 8/36 (22.22%) patients in 
the PLF group and 10/41 (24.39%) patients in the TLIF group 

suffered from low back pain. Furthermore, 11/36 (30.55%) 
and 13/41 (31.70%) patients in PLF and TLIF groups, respec-
tively, were experiencing radicular pain.

The comparison between two techniques on the same 
number of 30 patients was conducted by Challier et al.33 The 
2-year follow-up of the patients showed that both techniques 
resulted in a similar clinical outcome as the visual analog 
scale scores for back pain were improved by 3.8 and 3.3 in 
PLF and TLIF groups, respectively. Accordingly, 57% of the 
patients (17 out of 30) were fused in the PLF group, whereas 
the percentage was 97% (29 out of 30) for the TLIF one. 
Etemadifar et al conducted a randomized controlled trial in 
2016 to compare the PLF (n = 25) and TLIF (n = 25) techniques 
for all posterior lumbar spondylolisthesis scores (grades 1, 2, 
and 3). The data showed that 72%, 26%, and 2% of patients 
had grades 1, 2, and 3, respectively. The TLIF group reported 
lower average scores at 24-month follow-up for back pain, 
leg pain, and ODI (p < 0.05). Also, in the ODI assessment in 
the PLF group, 53.2% had pain improvement compared with 
TLIF group (56.7%).34 In this study, both TLIF and PLF achieved 
the appropriate restoration of spinal alignment, with no 
significant differences in the clinical outcomes and compli-
cations rate. Furthermore, clinical outcomes (NRS and ODI) 
had improved significantly after surgery in both PLF and 
TLIF groups. Potter et al stated that TLIF is an effective way 

Table 4  Comparison of spino-pelvic sagittal balance parameters between two groups PLF and TLIF

PLF (n = 36) TLIF (n = 41) p-Valuea

LL (before surgery) (48.47 ± 9.62) (48.65 ± 8.73) 0.929

LL (after surgery) (49.19 ± 8.86) (47.317 ± 8.44) 0.352

SL (before surgery) (14.47 ± 4.98) (15.19 ± 6.20) 0.578

SL (after surgery) (14.69 ± 6.10) (16.95 ± 5.77) 0.983

SS (before surgery) (30.36 ± 9.15) (33.26 ± 7.15) 0.123

SS (after surgery) (31.77 ± 6.90) (32.07 ± 5.58) 0.836

PI (before surgery) (53.83 ± 9.46) (52.14 ± 7.39) 0.383

PI (after surgery) (54.16 ± 7.97) (50.60 ± 5.38) 0.023

PT (before surgery) (22.47 ± 6.00) (18.46 ± 7.22) 0.010

PT (after surgery) (22.50 ± 6.51) (19.26 ± 5.54) 0.021

Abbreviations: LL, lumbar lordosis; PI, pelvic incidence; PLF, posterolateral fusion; PT, pelvic tilt; SL, segmental lordosis; SS, sacral slope; TLIF, transfo-
raminal lumbar interbody fusion.
ap < 0.05.

Table 5  Comparison of clinical outcomes between PLF and TLIF groups

PLF (n = 36) TLIF (n = 41) p-Valuea

NRS (before surgery) (6.88 ± 1.76) (7.48 ± 1.66) 0.0001

NRS (after surgery) (4.61 ± 1.88) (3.80 ± 1.43)

ODI (before surgery) (48.00 ± 5.32) (50.09 ± 6.62)

ODI (after surgery) (27.36 ± 7.10) (24.58 ± 6.66)

CLBP (8/36) (10/41)

Radicular pain (11/36) (13/41)

Abbreviations: CLBP, chronic low back pain; NRS, Numeric Rating Scale; ODI, Oswestry Disability Index; PLF, posterolateral fusion; TLIF, transforaminal 
lumbar interbody fusion.
ap < 0.05.
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to reach lumbar fusion. The results of these studies showed 
that pain among 29% of patients had completely diminished, 
and 50% of patients had significantly improved their pain.34 A 
further study by Hackenberg et al in 2005 also showed that 
by the TLIF technique, there is a significant reduction in ODI 
score, 8%, while it reached 89% fusion rate.35

In an observational study, Carreon et al also compared the 
clinical improvement in 101 patients with these techniques 
and the results suggested that visual analog scale scores for 
back and leg pains improved by 4.2 and 4.6 respectively for 
TLIF group and 3.5 and 3.7 for PLF group.36

TLIF exhibited a significantly higher incidence of adja-
cent segment disease. Fixing intervertebral cages or 
grafts can increase stress on adjacent sections by increas-
ing segmental rigidity, subsequently accelerating the 
degenerative process of adjacent segments after surgery. 
Previous studies showed that intervertebral fusion does 
not have a significant effect on global clinical results after 
surgery.37,38 Imbalance of the lumbar and pelvis may be a 
potential cause for degenerative lumbar diseases. Ferrero 
et al conducted a study on 654 patients and found that 
degenerative spondylolisthesis is relevant to a large PI 
and small LL.5 This result is in agreement with another 
study,39 which indicated that imbalanced sagittal param-
eters are formed gradually during the process of lumbar 
degeneration.

Radovanovic et al showed that patients with poor 
spino-pelvic sagittal balance restoration always have poor clin-
ical outcome.40 In this study, postoperative PI and PT improved 
significantly in the TLIF group in comparison to the PLF group. 
These results indicate that the added cages or grafts in the TLIF 
group were able to restore the pelvic sagittal balance with 
improvements in PI and PT and counteract the worsening of 
lumbosacral sagittal balance parameters. Hence, it can achieve 
better postoperative spino-pelvic sagittal balance parameters. 
However, PLF cannot offer sufficient support to improve the 
abnormal sagittal balance parameters.

Limitation
In this study we had some limitations, such as the number of 
patients was too small, and the follow-up period was limited; 
we also included those with 1 year of follow-up while most 
studies have included those with at least 2 years. For evalua-
tion of the fusion rate, we need to perform a high-resolution 
thin-cut CT-scan, which was not performed in the current 
study. Therefore, no data could be collected for the fusion rate 
in these patients and groups. Our study was a retrospective 
cross-sectional study but not randomized. And the cause of 
CLBP after surgery was investigated due to short follow-up. 
Hence, cohort studies are recommended in the future.

Conclusion
PLF and TLIF can improve the clinical and radiologic outcomes 
of patients. However, TLIF can accomplish better restoration 
of spino-pelvic sagittal balance parameters in comparison to 
PLF alone.
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