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INTRODUCTION 

Transforaminal lumbar interbody fusion (TLIF) was intro-

duced by Harms and Rolinger [1] in 1982 and has been still 

widely used until recently. TLIF usually approaches the disc 

space through one-sided facetectomy, which has the advantage 

of reducing tissue damage and thecal sac retraction. Minimally 

invasive transforaminal lumbar interbody fusion (MIS-TLIF)  

uses a tubular retractor and percutaneous pedicle screw fix-
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Objective: This study aimed to evaluate the radiologic and clinical outcomes of minimally inva-
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logic parameters increased from their preoperative measures at the last follow-up study; simi-
larly, there were no intergroup differences. The fusion rates in the MIS-TLIF and PLIF groups 
were 86% and 82.7%, respectively. The subsidence rates in the MIS-TLIF and PLIF groups were 
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sidence. Clinical outcomes also gradually improved after surgery in both groups without inter-
group differences. 
Conclusion: In L5–S1 posterior spinal surgery, there was no significant difference between MIS-
TLIF and conventional PLIF. Considering the operation time and estimated blood loss, MIS-TLIF is 
more effective than PLIF surgery in terms of postoperative health care and economics. 
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ation system to reduce the requirement of skin incisions, blood 

loss, and postoperative pain, thereby reducing the duration of 

hospital stay [2-4]. 

MIS-TLIF has many such advantages for patients, but some 

surgeons doubt its usefulness at the L5–S1. Structures contain-

ing the L5–S1 have been of particular interest because of their 

unique anatomy, the transition from the movable segment to 

the stationary segment, which results in higher mechanical 

stress and loads compared to other segments of the lumbar 
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spine [5,6]. For this reason, several studies have revealed that 

the fusion rate of L5–S1 is lower than that of other lumbar seg-

ments [7-9]. Although many studies have examined the clinical 

and functional outcomes of conventional posterior lumbar 

interbody fusion (PLIF) surgery between L5–S1 level and other 

lumbar levels, none have compared radiologic and clinical out-

comes and fusion rates between MIS-TLIF and conventional 

PLIF limited to the L5–S1. 

This study aimed to evaluate the radiologic and clinical out-

comes of MIS-TLIF and conventional PLIF at the L5–S1. This 

research question was based on how the unique structure of 

L5–S1 affects the union of MIS-TLIF and conventional PLIF. 

Therefore, it is necessary to examine patients’ radiologic pa-

rameters and functional outcomes. We hypothesize that fusion 

rates after MIS-TLIF and PLIF were equivalent in L5-S1 level. 

MATERIALS AND METHODS 

1. Patients 

This retrospective study was performed at a single insti-

tution. A total of 580 consecutive patients who underwent 

posterior lumbar fusion (69 MIS-TLIF, 511 conventional PLIF) 

at only the L5–S1 level were enrolled. The inclusion criteria 

were as follows: 1) age>18 years; 2) symptomatic spinal steno-

sis, spondylolisthesis, or herniated lumbar disc disease; 3) at 

least 12 months of follow-up; and 4) underwent postoperative 

computed tomography (CT) to confirm fusion. Patients with 

tumors, infection, trauma, or multilevel fusion were excluded. 

Two-hundred-and-eighty-five patients were excluded from our 

study because they underwent multi-level surgery or were lost 

to follow-up. The first cohort of 50 patients with MIS-TLIF was 

matched with 52 patients from the group with conventional 

PLIF surgery. All patients were matched with a patient of the 

sex, age and diagnosis. Then we had two matched cohorts (I 

and II) of 50 and 52 patients, respectively (Figure 1). 

These patients underwent mono-segmental posterior lum-

bar interbody fusion at L5–S1 using MIS-TLIF (Figure 2A) or 

conventional PLIF (Figure 2B) with a screw and double rod sys-

tem and a polyetheretherketone (PEEK) cage with a 10° lordot-

ic angle according to the different surgical methods performed 

by one different senior surgeon with more than 10 years’ sur-

gical experience. All patients underwent CT and radiography 

before surgery and at least 1 year after surgery. This study was 

reviewed and approved by our local institutional review board 

(IRB No: 3-2021-0378). 

2. Surgical Procedure 

MIS-TLIF is performed through a standard 2–3 cm parame-

dian approach, with the patient in the prone position. Using a 

tubular retractor (METRx®; Medtronic Sofamor Danek, Mem-

phis, TN, USA), the incisions were opened one after the other 

and a 24-mm working channel was inserted. A facetectomy was 

performed on the unilateral side. The ascending and descend-

ing articular processes were removed using an osteotome and 

drill. The foraminotomy was performed unilaterally or bilater-

ally according to the patient’s symptoms. Complete discectomy 

and end plate preparation were performed using pituitary ron-

geurs and curettes. After discectomy, autologous bone from the 

laminectomy filled the disc space. A single lordotic PEEK cage 

(Capstone; Medtronic Sofamor Danek) which was filled with 

only autologous local bone fragment were inserted into the 

disc space. Then, a percutaneous pedicle screw and rod sys-

tem (Sextant; Medtronic Sofamor Danek) were inserted under 

C-arm fluoroscopic images [10].  

Conventional PLIF was performed through a midline ap-

proach in the prone position. Laminectomy and bilateral 

medial facetectomy were performed using a Carrison rongeur 

and drill. Complete discectomy and endplate preparation were 

performed as in MIS-TLIF. Two PEEK cages (Concorde; Dupey 

Synthes, West Chester, PA, USA) was filled with autologous 

bone and inserted into the disc space. Subsequently, bilateral 

pedicle screw and rod fixation (CD Horizon Legacy; Medtronic 

Sofamor Danek) was performed [11]. 

285 pts
Tumor, infection, trauma, 

multilevel fusion

Cohort I
50 pts

MIS TLIF

Cohort II
52 pts

Matched with cohort I for 
gender, age, diagnosis

245 pts
PLIF

Figure 1. Flowchart of the patient selection process. MIS-TLIF: 
minimally invasive transforaminal interbody fusion, PLIF: pos-
terior lumbar interbody fusion.

580 pts
Total number of MIS

TLIF and PLIF on L5-S1 
level
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3. Radiographic Assessment 

Radiological evaluation was performed using plain radiogra-

phy (standing lumbosacral anteroposterior, lateral, flexion, ex-

tension, whole spine anteroposterior, and lateral) and CT scans 

preoperatively, immediately postoperatively, and at 12 months 

postoperatively. Disc height (DH), disc slope angle (DSA), disc 

angle (DA), segmental lordotic angle (SLA) at the L5– S1 level, 

pelvic parameters, and degree of spondylolisthesis were mea-

sured using X-ray scanning. 

The DH measured the distance between the L5 lower end-

plate and the S1 upper endplate, which is measured as the 

sum of a line drawn in the middle between the endplates and 

a vertical line drawn from the corners of the upper and lower 

segmental vertebrae, then divided in half (Figure 3) [12]. The 

DA was the angle between the L5 lower endplate and the S1 

upper endplate. DSA was defined as the angle between the hor-

izontal line and the line connecting the midpoint between the 

anterior and posterior disc spaces [7]. The SLA was measured 

in degrees between the L5 upper endplate and the S1 upper 

endplate (Figure 4). Pelvic parameters included the lumbar lor-

dotic angle (LL), pelvic incidence (PI), pelvic tilt, PT, and sacral 

slope (SS). The degree of spondylolisthesis was measured as 

the percentage of the distance between the posterior border of 

the L5 vertebra and the posterior border of the rostral vertebra. 

Bony fusion, cage subsidence, and hardware failure were as-

sessed on CT. Lumbar spine CT scan was performed preopera-

tively and at 12 months postoperatively. The modified Bridwell 

fusion criteria [13,14] were also measured on CT scans. Using 

Figure 2. Lumbar spine lateral radiographs (A) showing the posterior lumbar interbody fusion at L5–S1 using MIS-TLIF and (B) 
showing the conventional PLIF.

A B

Figure 3. Disc height measurement according to the Frobin 
method. The four corners of the vertebral segments are desig-
nated on the lateral radiographs (1, 2, 3, 4). The medial point, 
medial plane (median line), and its bisector are shown. Disc 
height is the sum of the lines perpendicular to the bisector 
from the corners of the upper and lower segmental vertebrae 
divided in half. Disc height=(H1+H2+h1+h2)/2.
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these criteria, the fusion rate could be defined as follows: grade 

1, fused with remodeling and trabeculae present; grade 2, graft 

intact, not fully remodeled and incorporated, but no lucency 

present; grade 3, graft intact, potential lucency present at the 

graft’s top and bottom; and grade 4, fusion absent, with graft 

collapse/resorption. Therefore, fusion was identified when 

grade 1 or 2 was accepted through these criteria. Subsidence 

means that the disc height was lowered by 2 mm or more in the 

follow-up plain lateral X-ray scan. 

4. Functional Evaluation 

Demographic and baseline data included the number of 

patients, sex, age at surgery, postoperative outpatient fol-

low-up duration, body mass index (BMI), bone mineral 

density (BMD), primary diagnosis, and comorbid conditions 

such as diabetes mellitus and smoking status were recorded. 

Operation time, estimated blood loss, and length of hospital 

stay were also assessed from the patients’ hospital records. We 

used the visual analog scale (VAS) and the Oswestry Disability 

Index (ODI) to compare the MIS-TLIF and PLIF groups preop-

eratively, immediately postoperatively, and at 1 year postoper-

atively. 

5. Statistical Analysis 

The statistical analysis was performed using SPSS version 

25.0 software (IBM Corporation, Armonk, NY, USA). All con-

tinuous data are presented as mean and standard deviation 

and were tested for normal distribution using the Kolmogorov– 

Smirnov test. Differences in baseline data and radiologic pa-

rameters were analyzed using the t-test or the Mann–Whitney 

U test for continuous variables and the chi-square test or Fish-

er’s exact test for categorical variables. Statistical significance 

was set at p<0.05.  

RESULTS  

1. Patients Demographics  

A total of 102 patients (50 in the MIS-TLIF group, 52 in the 

PLIF group) were included in the study. The patients’ demo-

graphic characteristics are shown in Table 1. The mean age at 

surgery (57.00 vs. 57.17 years; p=0.929) and mean follow-up 

duration (23.42 vs. 22.37 months; p=0.791) did not differ sig-

nificantly between groups. The BMI (25.02 vs. 25.06 kg/m2; 

p=0.945) and BMD (–1.55 vs. –1.41; p=0.591) were also compa-

rable. In both group, isthmic spondylolisthesis was the main 

pathology (20/50 [44%] and 22/50 [42.3%]). 

2. Radiologic Outcomes 

All radiologic parameters are presented in Table 2. Radiologic 

parameters were evaluated using the preoperative, immedi-

ately postoperative, and 12 months postoperative plain radio-

graphs as mentioned above. The pre- and postoperative DH 

did not differ significantly between the two groups immediately 

postoperatively or at 12 months postoperatively. DA and DSA 

did also not differ significantly between the two groups in the 

preoperative and postoperative states. However, the SLA of L5–

S1 was 16.5° and 18.34° in the MIS-TLIF group and 13.95° and 

17.10° in the PLIF group pre-and postoperatively, respectively. 

There was a significantly difference between the preoperative 

SLA of L5–S1 (p=0.047). 

LL and SS increased slightly after surgery in both groups, 

but the difference was not significant. There was no significant 

difference in pre- or postoperative PI in either group. PT de-

creased slightly after surgery; however, there was no significant 

difference in either group. The pre- and postoperative values 

of the spondylolisthesis rate in patients with both degenerative 

and isthmic spondylolisthesis were reduced, and there was no 

Figure 4. Overview of the radiographic parameters. Disc angle 
(DA): angle between the L5 lower endplate and the S1 upper 
endplate (black line). Disc slope angle (DSA): angle between 
the horizontal line and the line connecting the midpoint be-
tween the anterior and posterior of disc spaces (gray line). 
Segmental lordotic angle (SLA): angle between the L5 upper 
endplate and the S1 upper endplate (white line).
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significant intergroup difference. 

Table 3 shows the perioperative results and fusion rates of the 

two groups. Regarding perioperative outcomes, the operation 

time and the estimated blood loss were significantly lower in 

the MIS-TLIF group (MIS-TLIF: 101.92 min, 164.8 mL vs. PLIF: 

172.27 min, 675.38 mL; p<0.001). There was no significant 

intergroup difference in the length of hospital stay (MIS-TLIF, 

11.14 vs. PLIF, 12.63 days; p=0.285). The fusion rate was ana-

lyzed using the modified Bridwell fusion criteria. The fusion 

rate of the MIS-TLIF group was 86%, while that of the PLIF 

group was 82.7%. Cage subsidence was observed in 6% (3/50) 

of the patients with MIS-TLIF and 3.8% (2/52) of PLIF patients. 

However, there were no statistically significant intergroup dif-

ferences. 

3. Functional Outcomes 

The mean VAS scores notably decreased in both groups from 

5.94±2.24 preoperative to 2.50±1.49 immediately postoperative-

ly and 1.52±1.73 at 12 months postoperatively in the MIS-TLIF 

group, and from 5.81±2.11 preoperatively to 2.15±1.90 imme-

diately postoperatively and 1.92±1.88 at 12 months postopera-

tively in the PLIF group, respectively. The perioperative mean 

VAS score in both groups improved significantly, and there 

was no intergroup difference. Likewise, there were significant 

improvements in the ODI in both groups: from 41.41±13.51 

preoperatively to 24.68±9.29 immediately postoperatively and 

16.32±8.90 at 12 months postoperatively in the MIS-TLIF group, 

and from 48.27±13.31 preoperatively to 27.87±9.37 immediately 

postoperatively to 20.13±7.15 at 12 months postoperatively in 

the PLIF group. There were no significant intergroup differ-

ences. 

DISCUSSION 

Minimally invasive spinal fusion surgery has been widely 

used for the treatment of lumbar degenerative diseases, with 

many advances. MIS-TLIF uses a tubular retractor localized in 

the paraspinal area to prevent excessive muscle destruction. 

Additionally, unlike PLIF, MIS-TLIF does not require dural 

or nerve root over retraction, reduces dural damage, and can 

reduce intraoperative bleeding with smaller incisions than in 

conventional PLIF [3,10,15]. As it is possible to increase the fo-

raminal height through removal of the facet complex, foraminal 

stenosis is also a suitable indication for MIS-TLIF. In addition, 

as reported in many other studies, MIS-TLIF is preferred for 

degenerative and isthmic spondylolisthesis [16-18]. The L5–S1 

is one of the most affected levels of spondylolisthesis, especial-

ly in patients with isthmic spondylolisthesis. In our study, the 

fusion rate of L5–S1 was 86% in the MIS-TLIF group and 82.7% 

in the PLIF group, which was similar to the results of previous 

studies but lower than that of other lumbar levels. Ito et al. [19] 

Table 1. Patients’ demographic and baseline data

Characteristic Total MIS-TLIF PLIF p-value
Number of patients 102 50 52
Sex (%) 0.975*
  Female 43 (42.2) 21 (42) 22 (42.3)
  Male 59 (57.8) 29 (58) 30 (57.7)
Age at surgery (yr) 57.09±9.28 57.00±10.1 57.17±9.36 0.929
Follow-up period (mo) 22.88±19.99 23.42±20.68 22.37±19.46 0.791
Body mass index (kg/m2) 25.04±3.21 25.02±2.62 25.06±3.72 0.945
Bone mineral density (T-score) –1.47±1.05 –1.55±1.00 –1.41±1.09 0.591
Diagnosis (%) 1.000*
  Foraminal stenosis 24 (23.5) 12 (24) 12 (23.1)
  Central stenosis 6 (5.9) 3 (6) 3 (5.8)
  Degenerative spondylolisthesis 16 (15.7) 8 (16) 8 (15.4)
  Isthmic spondylolisthesis 42 (41.2) 20 (40) 22 (42.3)
  Massive lumbar disc herniation 14 (13.7) 7 (14) 7 (13.5)
Comorbid conditions
  Diabetes mellitus 13 8 5 0.334*
  Smoking status (%) 22 (21.6) 13 (26) 9 (17.3) 0.286*

MIS-TLIF: minimally invasive transforaminal lumbar interbody fusion, PLIF: posterior lumbar interbody fusion.
*chi-square test.
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Table 2. Patients’ radiological parameters by group

Parameter MIS-TLIF PLIF p-value
Disc height (mm)
  Preoperative 9.00±2.74 8.78±2.94 0.701
  Immediately postoperative 11.90±1.53 12.42±2.00 0.147
  Last follow-up 11.00±1.64 11.64±1.85 0.067
Disc angle (°)
  Preoperative 3.90±2.38 4.45±2.33 0.249
  Immediately postoperative 5.07±2.07 5.45±2.23 0.386
  Last follow-up 4.85±2.08 5.51±2.04 0.110
Disc slope angle (°)
  Preoperative 29.68±8.75 27.17±9.95 0.180
  Immediately postoperative 27.03±9.57 27.18±9.78 0.936
  Last follow-up 24.72±11.43 27.90±9.90 0.136
Segmental lordotic angle of L5–

S1 (°)
  Preoperative 16.50±7.09 13.95±5.70 0.047*
  Immediately postoperative 19.34±5.07 17.96±6.65 0.242
  Last follow-up 18.34±5.55 17.10±6.15 0.288
Lumbar lordosis (°)
  Preoperative 33.57±12.64 30.39±14.09 0.234
  Immediately postoperative 33.19±11.67 30.10±12.44 0.199
  Last follow-up 35.59±13.73 35.47±14.23 0.965
Pelvic incidence (°)
  Preoperative 49.89±12.67 49.57±11.36 0.894
  Immediately postoperative 48.44±11.43 48.36±11.13 0.971
  Last follow-up 49.97±11.81 49.64±11.80 0.888
Pelvic tilt (°)
  Preoperative 16.79±10.52 17.27±7.59 0.790
  Immediately postoperative 16.00±8.40 14.78±7.68 0.445
  Last follow-up 15.06±8.80 15.80±6.81 0.635
Sacral slope (°)
  Preoperative 33.21±8.93 31.49±9.19 0.342
  Immediately postoperative 32.05±9.50 32.72±9.28 0.720
  Last follow-up 34.82±8.52 33.84±9.26 0.581
Spondylolisthesis rate (%)
  Preoperative 20.17±10.05 22.44±8.72 0.366
  Immediately postoperative 8.24±5.62 8.95±7.94 0.701
  Last follow-up 10.01±5.93 10.51±7.69 0.790

MIS-TLIF: minimally invasive transforaminal lumbar interbody fusion, 
PLIF: posterior lumbar interbody fusion.
*p<0.05, statistically significant difference.

Table 3. Patients’ perioperative results and fusion rates by group

Parameter MIS-TLIF (n=50) PLIF (n=52) p-value
Operation time (min) 101.92±21.18 172.27±41.31 <0.001*
Estimated blood loss (mL) 164.8±175.60 675.38±360.01 <0.001*
Length of hospital stay (d) 11.14±8.34 12.63±5.46 0.285
Fusion rate (%) 43/50 (86) 43/52 (82.70) 0.169
Bridwell grade I 20 (40) 26 (50)
Bridwell grade II 23 (46) 17 (32.7)
Cage subsidence (%)a 3 (6) 2 (3.8) 0.615b

* p<0.05, statistically significant difference.
aCage subsidence means that the disc height was lowered by 2 mm or 
more on follow-up plain lateral X-ray scanning.
bchi-square test.

reported a fusion rate of 96.4% at L4–L5 and 87.5% at L5–S1. 

Han et al. [7] reported a fusion rate of 89.8% (53/59) at L4–L5 

and 42.9% (6/14) at L5–S1. Bassani et al. [20] compared pos-

terior and anterior techniques in single-level L5–S1 interbody 

fusion and reported that the fusion rate of ALIF was 88.65%, 

while that of TLIF was 91.9% (p=0.23). Mun et al. [21] reported 

a fusion rate of both oblique lumbar interbody fusion (OLIF) 

and TLIF at L5–S1 single level. Accordingly, the fusion rates 

were 81.8% and 87.8% for OLIF and TLIF, respectively. This low 

fusion rate for L5–S1 may be due to several factors. 

First, the DSA was higher than at other lumbar levels. In our 

study, the DSA of L5–S1 was 28.40°, twice as high as that of L4– 

L5 in a previous study [7]. As the DSA increased, the shear force 

in the disc space also increased. Therefore, this may be a factor 

of the fusion rate being lower for L5–S1 than for L4–L5. Second, 

the compression strength of L5–S1 is lower than that of L4–L5 

[22]. Because the lordosis of the lumbar spine originates from 

the L3 or L4 vertebrae, the compressive strength may be lower 

than that of the L5 vertebra. Third, the range of motion of L5–

S1 was greater than that of other lumbar vertebral levels. This 

means that after PLIF, translational motion between the L5 

vertebra and the sacrum may occur on a larger scale than at 

other lumbar segments. Fourth, the conical shape of the L5–S1 

disc space also lowered the fusion rate. The posterior margin of 

L5–S1 is narrower than the anterior margin compared to that 

in other lumbar levels [7,23]. Because the entrance is narrow, 

if the cage is placed in the same way as in other lumbar levels, 

a large space is left, which lowers the fusion rate. Because of 

the low fusion rate of L5–S1, this study attempted to increase 

the contact area of the cage and increase the contact force be-

tween the cage and the bony endplate. In addition, to reduce 

the empty space in the disc space after cage insertion, one must 

maximize bone packing in the disc space to improve the fusion 

rate. In addition, a larger cage was inserted by drilling or osteot-

omy of part of the caudal endplate of L5 and part of the cranial 

endplate of S1. For these reasons, the fusion rates of MIS-TLIF 

and conventional PLIF surgery were improved in this study 

compared to those in previous studies. 

1n a previous study, TLIF could cause a kyphotic change; in 

another study, 57% of patients who were normal before sur-

gery developed lumbar kyphosis after TLIF [24,25]. Kyphosis 
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progression was also observed in MIS-TLIF [26,27]. However, 

in several studies, LL and SLA improved after MIS-TLIF. Le et 

al. [28] reported that LL was improved or preserved in 86% of 

cases, while SLA improved in 97.4% of cases. Choi et al. [29] re-

ported that LL improved from 44.3° to 47.1° at 12 months post-

operative, while SL improved from 13.3° to 15.5° at 12 months 

after surgery. In our study, LL improved from 33.57° to 35.59° 

at the last follow-up, while SL improved from 16.5° to 18.34° at 

the last follow-up. This showed the same results in MIS-TLIF 

and conventional PLIF surgery, with no significant intergroup 

differences. This is because the cage was placed as high as pos-

sible anterior to the disc space and the angle was made through 

sufficient compression of the rod between screws. 

In most cases, the reduction of spondylolisthesis is per-

formed using open techniques as the general standard of care. 

However, surgical management of spondylolisthesis using MIS-

TLIF has been studied extensively, and the clinical results are 

good [30,31]. In recent studies, techniques for reduction of 

spondylolisthesis such as the “swing technique” and “rocking 

technique” have been introduced, and correction was success-

fully performed through improvement of segmental deformity 

and reduction in spondylolisthesis patients [32,33]. Kim et al. 

[30] reported that the spondylolisthesis rate was reduced from 

16.77% to 9.79% with MIS-TLIF in isthmic spondylolisthesis 

and from 11.33% to 3.78% in degenerative spondylolisthesis. In 

our study, the spondylolisthesis rate was reduced from 20.17% 

to 10.01% in the MIS-TLIF group and from 22.44% to 10.51% in 

the PLIF group. There was no statistically significant difference 

in reduction between the two surgeries, and spondylolisthesis 

was corrected. 

In our study, VAS and ODI were significantly improved after 

both MIS-TLIF and conventional PLIF surgery. In addition, 

there was no significant intergroup difference in the improved 

results. This means that the results are equivalent between 

the MIS-TLIF and conventional PLIF procedures. However, 

Cheng et al. [34] showed that although there was no difference 

in VAS after surgery, the use of morphine or equivalent pain 

medication during hospitalization was lower after MIS-TLIF. 

This is because MIS-TLIF features a smaller skin incision and 

less intraoperative bleeding. In our study, compared to conven-

tional PLIF, the operative time and the amount of perioperative 

bleeding were significantly less for MIS-TLIF. This means that 

the burden on patients and surgeons was reduced. 

There were some limitations to this study. First, it was a 

retrospective study conducted at a single center. Second, the 

follow-up period was comparatively short. However, this is the 

first comparative study of fusion rate through the analysis of 

radiological parameters of patients who underwent MIS-TLIF 

and conventional PLIF at the L5–S1 level. Further studies in-

volving long-term follow-up with a multicenter study should be 

performed. 

CONCLUSION 

Both MIS-TLIF and conventional PLIF at the L5–S1 level 

showed good clinical and radiological outcomes. Although 

there was no significant intergroup difference in postoperative 

VAS and ODI values, MIS-TLIF was more effective than con-

ventional PLIF because it reduced burden on the patient and 

surgeon due to the small amount of perioperative bleeding and 

short operation time. 
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