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ABSTRACT

Background Data: Degenerative lumbar spine, including spondylolisthesis, is a common clinical
condition that affects humans in the most productive period of their life. There are many surgical options
for the management of such conditions after the failure of conservative therapy. Recently, there has been
a great debate regarding the use of minimally invasive (MI) versus open transforaminal lumbar interbody
fusion (O-TLIF) in the treatment of single-level low-grade lumbar spondylolisthesis, so there was a need
to reach a consensus over this issue.

Purpose: To compare the clinical efficacy and safety of MI-TLIF versus O-TLIF in the treatment of
single-level low-grade degenerative lumbar spondylolisthesis.

Study Design: A systematic review for recent studies in the context and meta-analysis.

Patients and Methods: We searched online databases of PubMed, Google Scholar, Cochrane Library,
and DOAJ (2016-2020), and the search yielded 1352 articles. Based on our inclusion and exclusion
criteria, we included retrospective, prospective, and randomized control trials, which came down to 11
research articles. Operative time, blood loss, hospital stay, back pain scores (Visual Analogue Scale),
functional score (Oswestry Disability Index), complication rate, and reoperation rate for both techniques
were recorded and presented as means. We then performed a meta-analysis.

Results: There is an overall advantage for the MI-TLIF over the O-TLIF in different parameters. There was
a statistically significant difference in blood loss of —0.954 ml (p = 0.000) and hospital stay of —1.19 days
(P =0.000), favoring M-TLIF. There was a statistically insignificant difference in the total operative time (P =
0.071), the postoperative VAS of —0.22 (P = 0.384), and the postoperative ODI of —2 (P = 0.331). Moreover,
there was a reduced combined odds ratio for complications and a reduced odds ratio for re-operation.
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Conclusion: The reported data in this study suggest that there was a significant difference in operative
blood loss and hospital stay between both groups that favor the MI-TLIF procedure. In contrast, there
was no significant difference in operative time, VAS, ODI, reoperation rate, and rate of postoperative

complications between both groups. (2021ESJ235)
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INTRODUCTION

Degenerative spondylolisthesis (DS) is an
acquired anterior-vertebral displacement without
disrupting the pars interarticularis, associated
with the degenerative changes of aging, such as
intervertebral disc degeneration, ligamentous
hypertrophy or buckling, and osteophyte
proliferation.!3?>! This clinical condition place
enormous socioeconomic and health burdens on
the health service providers and society.
Instrumented lumbar interbody fusion (LIF)
is a commonly used surgical intervention to
treat various kinds of lumbar disease requiring
fusion. Recently, LIF using minimally invasive
techniques, such as percutaneous pedicle screw
fixation (PPSF), has been used frequently with
the advancement of minimally invasive spinal
technique (MIS).>1%173638 The preferred approaches
for this procedure are posterior lumbar interbody
fusion (PLIF) 3%3! or transforaminal lumbar
interbody fusion (TLIF).>71121.2 In 2002, Foley
and Lefkowitz® first introduced the minimally
invasive transforaminal lumbar interbody fusion
(MI-TLIF) technique. With the advancement of
surgical instrumentation and optical systems,
the MIS-TLIF technique has become more and
more popular with the potential advantages of
smaller wound size, less tissue trauma, and faster
recovery.2”3>%7

Recently, other approaches!'?>*’ have been
performed; however, MI-TLIF has gained more
popularity than others due to no thecal sac
retraction and the lower level of trauma to back
muscle and bony structures such as facet joints
and lamina. Although many articles have reported
O-TLIF or MI-TLIF, no studies have reported
the long-term clinical and radiological outcomes
of instrumented MI-TLIF. Other studies have

reported the harmful effects of extensive muscle
dissection and excessive blood loss due to this
traditional O-TLIF procedure.??343° Up to now,
no consensus has been reached regarding which
procedure can achieve better effects in the treatment
of symptomatic lumbar spondylolisthesis.*

This study was performed to estimate the clinical
efficacy and safety of MI-TLIF versus O-TLIF
in the management of single-level low-grade
degenerative lumbar spondylolisthesis.

PATIENTS AND METHODS

Search Strategy: This study was performed
according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses
(PRISMA).2 The relevant literature retrieval was
performed in 4 electronic databases, including
PubMed, Google Scholar, Cochrane Library,
and Directory of Open Access Journal (DOAJ).
The final searches were performed on January
5t 2021. Reference lists of included articles and
relevant meta-analysis were manually searched.
Randomized or nonrandomized controlled
studies published from January 2016 to December
2020 that compared MI-TLIF with O-TLIF for
the treatment of low-grade lumbar degenerative
spondylolisthesis were retrieved.

We searched these databases using a combination
of the keywords and medical subject headings.
For maximum sensitivity of the search strategy,
the search terms were combined as follows: 1)
transforaminal lumbar interbody fusion OR TLIF
OR open; 2) minimally invasive transforaminal
lumbar interbody fusion OR MI-TLIF OR
minimally invasive surgery; 3) single-level
degenerative spondylolisthesis; 4) 1, 2, and 3.
Only articles that were published in the English
language were included. Citations abstracts and full

Egy Spine J - Volume 39 - July 2021

3



EGYPTIAN R385

Journal

manuscripts were downloaded and de-duplicated
for screening and categorization of potentially
eligible studies. For degenerative spondylolisthesis,
the initial searches were conducted independently
by two reviewers (MHM, MS) to screen all
retrieved titles and abstracts. Unqualifying studies
were initially excluded, while the full text of
eligible reports was assessed. The reference lists of
all acquired articles were also manually checked
for additional relevant studies. Discrepancies
between them were resolved by discussion.
Inclusion Criteria. Eligibility criteria for study
selection included in the present network meta-
analysis are as follows: (1) an RCT and non-RCT
published in English; (2) patients with degenerative
lumbar spondylolisthesis; (3) comparing the
2-fusion procedure, MIS-TLIF, and O-TLIF;
(4) treatment-specific outcomes including
preoperative and postoperative VAS (Visual
Analogue Score) and Oswestry Disability Index
(ODI) scores, blood loss, operative time, hospital
stay, reoperation rates, and complications; (5) an
average follow-up duration of at least 12 months.
Exclusion Criteria: Studies were expelled
according to the following items: (1) <10 patients
per intervention arm,' (2) Observational studies,
case reports, conference abstracts or paper, and
duplicated papers or reviews, and (3) Qualified
data from the original studies could not be
extracted.

Search Results:

We searched online databases of PubMed,
Google Scholar, Cochrane Library, and DOAJ
(2016-2020), which yielded 1352 articles.
We included retrospective, prospective, and
randomized control trials based on our inclusion
and exclusion criteria, which came down to
11 research articles. A PRISMA flowchart
diagram depicting the study identification and
selection process is shown in Figure 1. Data were
extracted independently and duplicated from
eligible studies by the same two researchers using
standardized data collections forms developed
a priori. Data items recorded included general
manuscript information, patients’ characteristics,

study characteristics, treatment details, and main
outcomes (Table 1). Data extraction discrepancies
between the two researchers were resolved by
discussion. Moreover, we have applied the quality
check on the papers included according to the
8-Item Modified Jadad Scale, as explained in
Table 2. Operative time, blood loss, hospital stay,
pain scores (Visual Analogue Scale), functional
score (Oswestry Disability Index), complication
rate, and reoperation rate for both techniques
were recorded and presented as means. We then
performed a meta-analysis.

PubMed (n=48)
Google Scholar
(n=1250)
Cochrane
Library (n=54)

l

Total Articles
(n=1352)

|

Relevant Articles
after Inclusion
and Exclusion
Criteria (n=25)

l

Relevant Articles 9 Duplicated
after removing | ——» articles were
duplicates (n=11) removed

L

Randomized Non-Randomized
Controlled Trials Controlled Trials
(n=4) (n=7)

Total Articles
(n=11)

Figure 1. Flow diagram of the search strategy and
study selection process.
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Table 2. Quality evaluation according to the 8-Item Modified Jadad Scale.

- - 7 - - 8% 2 I >
Bs Tz Is g s =3 ®s g ; e & ] 0©® o
o>~ [SXe) o~ \O + 00 0O ~ T S 53
Items Assessed oz oz Sz ¥= o5 oS § = é N gy FA S S
EQ €8 L8 (K = ] §8& T 5w B ) s8
- N 8 B A M®S Sy 2 x2 O
Was the' study described as Yes Yes Yes Yes No No No No No No No
randomized?
Was the method of randomization  veo ves  yves Yes NA NA NA NA NA N/A N/A
appropriate?
Was the study described as blinded? NA NA Yes Yes NA NA NA NA NA N/A N/A
Was the method of blinding NA NA Yes Yes NA NA NA NA NA N/A N/A
appropriate?
Was there a description of NA NA NA NA NA NA NA NA NA N/A N/A

withdrawals and dropouts?

‘Was there a clear description of the
inclusion/exclusion criteria?

Yes NA Yes

NA Yes Yes Yes Yes Yes Yes Yes

‘Was the method used to assess
adverse effects described?

Yes Yes Yes

NA Yes Yes Yes NA NA Yes Yes

‘Was the method of statistical
analysis described?

Yes Yes Yes

Yes Yes Yes Yes Yes Yes Yes Yes

Total scores 5 4 7

5 3 3 3 2 2 3 3

Statistical Analysis:
We analyzed data from the included studies

using Comprehensive Meta-analysis (Biostat
Inc., Englewood, NJ, USA), Open Meta Analyst
(Wallace, Byron C., Issa J. Dahabreh, Thomas
A.), and Microsoft Excel 2016 (Microsoft Corp.,
Redmond, WA, USA). A formal meta-analysis
was conducted for all outcomes if the data were
sufficient. We expressed pooled dichotomous data
as odds ratio (OR) with 95% confidence intervals
(95% confidence interval (CI)), while pooled
continuous effect measures were expressed as the
mean difference with 95% CI. We explored and
quantified between-study statistical heterogeneity
using the 12 test. By default, we used the fixed-
effects model in all analyses. If heterogeneity was
statistically significant (P < 0.05) or 12 was > 0%,
we used the Der Simonian and Laird random-
effects model instead. Statistical analyses were
two-sided with an a-error of 0.05.

RESULTS

Eleven studies were reported in this systematic
review, including four randomized controlled
trials (RCT)*0434648 and seven nonrandomized
controlled trials.>!82428334244 The summary of our
extracted data and reported articles is presented in
Table 1. The total number of patients was 1228,
of which 745 patients underwent O-TLIF and 483
patients underwent MI-TLIF. The mean age was
57.3 years in the MI-TLIF group and 56.3 years
in the O-TLIF group, while the total mean age
was 56.8 years. The gender reported in this review
showed that 445 were males and 677 were females,
excluding Lv et al.’s?* study (n = 106), who did not
consider the count of separate genders. In the MI-
TLIF approach, the male/female was 176/257,
while in the O-TLIF approach, the male/female
was 269/420.

6
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According to the operated spinal levels in this
review, the L2-L.3 level affected 6% of the patients,
the L3-L4 level 10%, the L4-L5 level 49%, and
the L5-S1 level 35%. According to the degree of
slippage, 92% of the patients had grade I and 8%
had grade II lumbar spondylolisthesis. The mean
follow-up was 23 months in MI-TLIF and 26.1
months in O-TLIF, while the total mean follow-up
was 24.55 months in the whole group.

Operative Time:

Nine studies had sufficient data regarding the
operative time. The mean operative time was
180.40 = 69.1 minutes in the MI-TLIF group and
161.83 £ 56.18 minutes in the O-TLIF group.
Based on our meta-analysis, there was no statistical
significance between both procedures (P <0.071)
(Figure 2).

Blood Loss:

Ten studies had sufficient data regarding the
amount of operative blood loss. The mean
operative blood loss volume was 149.13 + 77.26 ml
in the MI-TLIF group and 287.44 + 127.12 ml in
the O-TLIF group. The difference was significant
and favored the MI-TLIF procedure (P <0.001)
(Figure 3).

Hospital Stay:

Eight studies had sufficient information on the
length of hospital stay. The mean hospital stay was
5.3 £ 2.9daysinthe MI-TLIF groupand 7.12 + 3.9
days in the O-TLIF group. The difference was
significant and favored the MI-TLIF procedure
(P <0.001) (Figure 4).

Low Back Pain Visual Analogue Score:

Six studies had sufficient data regarding the VAS
scores of LBP. The mean preoperative VAS score
for LBP was 6.45 in the MI-TLIF group and 6.37 in
the O-TLIF group, with no statistically significant
difference (P = 0.388) (Figure 5). The mean VAS
score for postoperative LBP at the final follow-up
was 1.19 in the MI-TLIF group and 1.41 in the
O-TLIF group with no statistically significant
difference between both procedures (P =0.137)
(Figure 6). There were marked differences and

significant improvement between the preoperative
and the postoperative VAS at the final follow-up in
both procedures.

Oswestry Disability Index:

Six studies reported sufficient data on the ODI
scores expressed in percentage. The mean
preoperative ODI score was 46.38 in the MI-
TLIF group and 45.13 in the O-TLIF group.
The difference between both groups was not
statistically significant (P =0.320) (Figure 7). At
the final follow-up, the mean ODI score was 18.63
in the MI-TLIF group and 20.63 in the O-TLIF
group, with no significant difference between both
groups (P =0.331) (Figure 8). There were marked
differences and significant improvement between
the preoperative and the postoperative ODI at the
final follow-up in both procedures.

Complications:

The number and details of complications have
been reported in seven studies. The complication
rate was 2.14% in the MI-TLIF group and 2.28%
in the O-TLIF group. The difference between both
groups was not statistically significant (P = 0.634)
(Figure 9). Reported complications in seven studies
were minor in general and included incidental
dural tear, added neurological deficit, screw
malposition, cage migration, wound infections,
delayed wound healing, pseudoarthrosis, large
seroma, large symptomatic seroma, contralateral
radiculopathy, myocardial infarction, urinary tract
infections, and bowel and bladder incontinence.
Reoperation Rate:

Four studies reported sufficient data on the
reoperation rate expressed in percentage. The mean
percentage of reoperation in the MI-TLIF group
was 2% and 6% in the O-TLIF group, without any
statistically significant difference between the two
groups (P = 0.758) (Figure 10). The most common
causes of reported reoperation in the study articles
were adjacent segment disease, pseudoarthrosis,
surgical site infection, contralateral radiculopathy,
and implant-related complications, including cage
and screw repositioning.
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Studies Estimate (95% C.I.)
yang/zhang,2017 37.200 (25.106, 49.294) : —
Serban 2017 25.700 (-15.325, 66.725) L
Zhao 2019 -7.000 (-14.279,  0.279) —- 1
Yu wang 2016 9.900 (-5.947, 25.747) —
Ai-Min Wu 2018- -5.900 (-12.206,  0.406) s i
P peng 2020 69.400 (52.699, 86.101) | _
Kulkarni,2020 26.500  (0.286, 52.714) — -
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Chan et al,2020 38.600 (11.419, 65.781) .
Overall ] 17.051 (-1.451, 35.552) e
I T T 1
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Figure 2. Forest plot for operation times, difference, total, and 95% CI. There is a difference in a total time of
17.052mins (-1.1448 <95%CI < 35.552) and p=<0.071 (not statistically significant); standard error: 9.439.

Studies Estimate (95% C.I.)

yang/zhang,2017 -350.000 (-415.193, -284.807) —. i

Serban 2017 -66.250 (-156.260, 23.760) : —

Zhao 2019 -9.300 (-20.290, 1.690) i —]

Yu wang 2016 -98.000 (-192.487, -3.513) :

Ai-Min Wu 2018- -79.600 (-97.896, -61.304) i R 3

P peng 2020 -167.580 (-191.493, -143.667) {i

Kulkarni, 2020 -247.330 (-311.138, -183.522) S

P. V. Mummaneni et al.2017 -147.000 (-183.332, -110.668) +'

Y. LV ET AL.2017 -27.300 (-33.927, -20.673) : [ |

Chan et al, 2020 -190.800 (-228.116, -153.484) —— i

Overall : -135.027 (-179.634, -90.421) <<I>>
r T : T 1
-400 200 0 200 400

Mean Difference

Figure 3. Forest plot for blood loss, difference, total, and 95% CI. There is a difference in blood loss of -135.027
(-179.634<95%CI1<-90.421); p<0.001. Standard error: 22.759.

Studies Estimate (95% C.I.)

Serban 2017 -2.200 (-2.517, -1.883) |

Yu wang 2016 -3.500 (-4.865, -2.135) ] :

Ai-Min Wu 2018- -1.500 (-2.180, -0.820) ——

P peng 2020 -3.310 (-5.303, -1.317) =

Kulkarni, 2020 -1.730 (-2.608, -0.852) —a—

P. V. Mummaneni et al.2017 -0.150 (-0.557, 0.257) i i

Y. LV ET AL.2017 -1.700 (-2.862, -0.538) —

Chan et al,2020 -0.400 (-0.865, 0.065) ; e

Overall (1*2=92% , P< 0.001) -1.657 (-2.471, -0.842) —e
[ T : T 1
-4 -2 Q 2 4

Mean Difference

Figure 4. Forest plot for hospital stay, difference, total, and 95% CI. There is a difference in hospital stay of -1.657
days (-2.471<95%CI<-0.842); p<0.001. Standard error: 0.415.
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Figure 5. Forest plot for preoperative VAS, difference, total, and 95% CI. There is a difference in preoperative VAS
of 0.073 (-0.129<95%CI<0.275) and p=0.388.
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Figure 6. Forest plot for postoperative VAS, difference, total, and 95% CI. There is a difference in postoperative VAS
of -0.220 (-0.510<95%CI<0.070); p value=0.137. Standard error: 0.148.
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Figure 7. Forest plot for preoperative ODI, difference, total, and 95% CI. There is a difference in preoperative ODI
of 2.181 (-2.117<95%CI1<6.479); p value=0.320. Standard error: 2.193.
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yang/zhang,2017 -1.500 (-5.451, 2.451)
Serban 2017 -0.150 (-2.924, 2.624)
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[
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Figure 8. Forest plot for last F/U ODI, difference, total, and 95% CI. There is a difference in the last F/U ODI of
-1.386 (-4.181 <95%CI < 1.408); p value=0.331. Standard error: 1.426.

Studies Estimate (95% C.I.) Ev/MIS-TLIF Ev/CO-TLIF
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QOdds Ratio (log scale)

Figure 9. Forest plot for complications, OR and 95% CI. There is a difference in complications of 1.026
(0.494<95%CI<2.134) and p value=0.634 (not statistically significant).

Studies Estimate (95% C.I.) Ev/MIS-TLIF Ev/CO-TLIF
Zhao 2019 0.636 (0.101, 4.001) 2/46 3/45
Yu wang 2016 1.000 (0.019, 52.849) 0/20 0/20
Ai-Min Wu 2018- 1.697 (0.276, 10.430) 3/78 2/88
P. V. Mummaneni et al.2017 1.062 (0.317, 3.559) 4/76 9/181
QOverall (I1*2=0% , P=0.758) 1.054 (0.440, 2.524) 9/221 14/334

009 018 045 089 179 447 894 1208

Odds Ratio (log scale)

Figure 10. Forest plot for reoperation rate, OR and 95% CI. There is a difference in reoperation rate of 1.054 and

(0.440 < 95%CI < 2.524) and p value =0.758.

DISCUSSION

Compared to the standard PLIF, the posterolateral
approach utilized in TLIF offered adequate
exposure of the disc space through unilateral
facetectomy, thus reducing retraction on thecal
sac and nerve root while preserving contralateral
anatomy. There is no consensus whether the MI-
TLIF offered a better clinical outcome relative

to O-TLIF. This systematic review and meta-
analysis compared the MI-TLIF versus O-TLIF
in low-grade lumbar spondylolisthesis. It is one of
the ongoing efforts to compare the outcomes of
O-TLIF and MI-TLIF by reviewing what has been
published in the literature, considering that the use
of MI-TLIF is still growing among spine surgeons
regarding knowledge and skills. We reviewed 11
case studies, including four randomized controlled
trials 40434648 and seven nonrandomized controlled
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trials? 182428334244 t5 compare the clinical outcomes
of patients who underwent either O-TLIF or
MI-TLIF. The main findings of this review have
shown a significant difference in operative blood
loss and hospital stay between both groups that
favour MI-TLIF procedure. While there was no
significant difference in operative time, LBP VAS,
OD], reoperation rate and rate of postoperative
complications between both groups.

The traditional O-TLIF technique is a midline
approach with dissection of paraspinal muscles to
exposethespinousprocess,laminae, and facetjoints
to perform neural decompression and interbody
fusion.’ Postoperative pain and operative blood
loss are significant problems of O-TLIF.?2343 MI
lumbar surgeries were introduced 20 years ago
by Foley®® as an alternative to open traditional
surgeries. The MI-TLIF approach via the Wiltse
plan was one of the MI initiative procedures with
minimal muscle stripping, retraction, and hence
injury.5'415 For beginners, the challenges of MI-
TLIF lie in the steep learning curve and the longer
operative time.'®

We reviewed previous similar systematic
reviews reporting the outcome of MI-TLIF and
O-TLIF in treating single-level low-grade lumbar
spondylolisthesis or mixed indications and
reported three studies.®?%3 Qin et al.*® (2000—
2018) reported 394 in six articles, including two
RCTs and four retrospective or prospective cohort
studies. Hammad et al.? (2000-2017) reported 2385
patients in 32 studies, including one RCT and 13
retrospective and 18 prospective cohort studies.
Miller et al.? reported 496 in four RCTs. Kim
et al.’® (2009-2019) published a narrative review
study that reported 2327 patients in 20 studies,
including six RCTs (Table 3).

Back pain VAS has been reported in all and was
similar in either MI-TLIF and O-TLIF in all
reviews, which is in line with our study. While
ODI was similar in both techniques in our study
and Hammad et al.’s study?, it was better in the MI-
TLIF in Qin et al.?® and slightly better in Miller et
al.’s ?® reviews. Operative blood loss and hospital
stay were shorter in MI-TLIF in our review and

another three reviews. Operative time was longer
in MI-TLIF in our study and Qin et al.’s review *°,
while it was similar in both techniques in the other
two reviews. This difference could be because both
our study and Qin et al.’s review>® reported only
spondylolisthesis patients, while the other reviews
reported mixed groups, including disc herniations
and degeneration patients. As reported by Qin et
al. and Miller et al.?®, the fusion rate was similar
in both groups. We did not report this parameter in
our review. Similar back pain VAS and ODI may
also reflect a similar fusion outcome indirectly
among both groups.

Prolonged radiation exposure was reported in
the MI-TLIF technique compared to the O-TLIF
technique as reported by Hammad et al.® and
Miller et al.?s; this could also be explained by the
fact that most of the reported studies and that
of Qin et al.* are fairly recent compared to the
other reviews, which reflect the learning curve and
cumulative experience effect upon the technique
itself. Our review showed that the reoperation rate
was better in the MI-TLIF group than the O-TLIF
group, while it was similar in both groups in Qin
et al.’s® review. Although both reviews reported
an identical group of patients, this difference may
also be related to the surgeon experience and
familiarity with the technique. Complication rate
was similar in both groups in our review and Qin
et al.®, and Miller et al.?® reviews, while it was
better in the Hammad et al.? review.

Chan et al.? found that MI-TLIF has a less
postoperative disability, a better quality of life,
higher patients’ satisfaction, faster return-to-work
rate, and less blood loss than O-TLIF; however,
MI-TLIF has prolonged operative times and
a 5-fold lower rate of reoperation.? Wu et al.®
reported better two-year pain outcomes following
MI-TLIF compared to O-TLIF. In Qin et al.’s %
study, O-TLIF has a higher risk of surgical site
infection than MI-TLIF. Lv et al.* reported that
there were no differences in the sagittal balance
of the spine among the MI-TLIF and the O-TLIF
groups postoperatively. Moreover, although there
were no differences between the two groups
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Table 3. Comparison of different outcome reported in previous systematic review and meta-analysis

Parameters This Study Qin et al.® Hammad et al.® Milleret al. * Kim et al. '
Search span 2016-2020 2000-2018 2005-2017 NA 2009-2019
PubMed,
PubMed, Google Google PubMed,
Search engine  Scholar, Cochrane E%Eﬁgi’;?ﬁgﬁie’ PubMed Scholar, Embase,
Library, DOAJ y Cochrane  Google Scholar
Library, DOAJ
11 including 8 including 32 including 20 including 6
Papers reported 4 RCTs 4 RCTs 1 RCT 4RCTs RCTs
Patients (MI- 1228 394 2385 496 2327
TLIF/O-TLIF) (483/745) (182/212) (1285/1100) (246/250) (1046/1281)
Posterior
L Low-grade Low-grade . . Lumbar
Indications spondylolisthesis  spondylolisthesis Mixed Mixed Interbody
Fusion
Visual Analogue  No significant  Similar last follow- fo?llém}ir lﬁik Similar at Slightly better
Scale difference up back pain VAS WP short term in MI-TLIF
pain VAS
Oswestry No significant . Similar last Slightly better  Slightly better
Disability Index ~ difference ~ Derter im METLIF g 0 wpODI in MLTLIF  in ML-TLIF
Operative time Nzisf}fi?éggznt More in MI-TLIF Similar Similar %ﬁ?ﬁlﬁl
Radiation . More in More in
exposure NA NA More in MITLIE yrp oy 1 MLTLIF
Operative blood . . . Less in Less in
loss Less in MI-TLIF  Less in MI-TLIF  Less in MI-TLIF MLTLIF MLTLIF
Hospital st Shorter in Shorter in Shorter in Shorter in Shorter in
ospitat stay MI-TLIF MI-TLIF MI-TLIF MI-TLIF MI-TLIF
Complication No significant - Lower in _ e
rate difference Similar MLTLIF Similar Similar
Reoperation rate No .51gn1ﬁcant Similar NA NA Similar
difference
Fusion rate NA Similar NA Similar Similar

preoperatively in their study, they reported that
MI-TLIF prevents paraspinal muscle atrophy
compared with O-TLIF in a long-term follow-
up.?* Djurasovic et al.* reported that the direct
costs at one year were $2493 lower in the MI-
TLIF group than in the O-TLIF group. Shepard*!
suggested that the MI-TLIF is a more cost-effective
intervention than O-TLIF. In a systematic review
by Parker et al.,*? they concluded that there was
a significant decrease in the rate of surgical site
infection after MI-TLIF compared with O-TLIF.
Thus, MI-TLIF may be a better option in patients
with high risks for perioperative wound infections,
such as obese patients.”? Mummaneni et al.?®
found no difference with regard to the length of

hospital stay and 90-day return-to-work period. Su
et al.’s *? concluded in their study that in low-grade
degenerative spondylolisthesis, both MI-TLIF
and O-TLIF were associated with a significant
reduction in vertebral slip; however, O-TLIF had
a higher rate of slip reduction than MI-TLIF. They
also reported that MI-TLIF significantly reduces
lumbar lordosis and slip angle, resulting in relative
kyphosis at the fused segment. Finally, they found
that O-TLIF significantly reduces L1 axis and S1
distance and may be more conducive to improving
lumbar sagittal balance. Contrary to their results,
Serban et al.*’ reported similar radiological
outcomes parameters among both M-TLIF and
O-TLIF surgical groups.
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This review has some limitations, including the
paucity of RCTs and some reported studies not
documenting the radiation exposure, fusion,
sagittal balance, opioids use, and perioperative
cost of each procedure. Multilevel and high-
grade spondylolisthesis patients not reported here
warrant more studies. More RCTs with a long-term
follow-up are highly recommended with a focus on
items mentioned in the limitations. Furthermore,
important limitations are that some papers mixed
other diagnoses with spondylolisthesis in the
count pool of subjects, while some other papers
counted grades I and II in the same counting pool.

CONCLUSION

The reported data in this systematic review and
meta-analysis suggest that there was a significant
difference in operative blood loss, and hospital
stay between both groups that favor MI-TLIF
versus O-TLIF procedure. While there was no
significant difference in operative time, VAS,
ODI, reoperation rate, and rate of postoperative
complications between both groups.
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