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Abstract

Objective: This meta-analysis aimed to compare the clinical effectiveness, safety, and bio-
chemical impacts of two spinal surgery techniques: open transforaminal lumbar interbody
fusion (open-TLIF) and minimally invasive TLIF (MIS-TLIF). Methods: A comprehen-
sive literature search was conducted through April 2023 across PUBMED, Cochrane Li-
brary, SCOPUS, Web of Science, EMBASE, and CNKI, using the terms “transforami-
nal lumbar interbody fusion” or “TLIF” combined with “minimally invasive” or “open.”
A total of 44 studies met the inclusion criteria for analysis. Results: The meta-analysis
found that MIS-TLIF results in higher intraoperative radiological exposure but less blood
loss, lower postoperative drainage, shorter hospital stays, and better outcomes on the Vi-
sual Analog Scale (VAS) and Oswestry Disability Index (ODI). Biochemically, MIS-TLIE
is associated with lower CRP, CK-MM, and CPK levels 24 hours post-operation compared
to open TLIF. Conclusions: MIS-TLIF demonstrates superior clinical effectiveness, im-
proved safety, and reduced muscle injury compared to open TLIF, making it a better option
when minimizing tissue trauma and promoting rapid recovery are priorities.
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1 Background

Lumbar fusion technology is extensively employed in managing lumbar instability and spinal
deformities!'). The primary objective is to restore the height of intervertebral discs and spinal
segments, thereby alleviating nerve compression[?. Since its initial description by Harms and
Rolinger in 1982, TLIF has been performed using a single posterolateral approach to achieve
circumferential fusionl. This technique, executed through a paramedian skin incision, allows
transforaminal access with minimal neural retraction. The lateral trajectory offers significant
benefits: (1) limited nerve retraction, reducing the risk of iatrogenic injury; (2) utilization of
contralateral intact bony structures as additional fusion sites; and (3) potential for bilateral de-
compression without the morbidity associated with extensive contralateral soft tissue, muscle,
and neural manipulation[ !,

Despite the widespread adoption of TLIF, its associated challenges, such as muscle atrophy
and scar formation due to the anatomical disruption of the paraspinal muscles, have been linked
to long-term postoperative pain and disability[é]. These complications, along with prolonged
hospital stays and high costs, remain significant drawbacks.

In recent years, MIS-TLIF has gained attention due to its smaller incision, reduced tissue dam-
age, and faster recoverym. The procedure involves the insertion of a tubular retractor through a
small incision, allowing the surgeon to operate without extensive muscle cutting. Damaged discs
are removed to relieve pressure on the spinal cord or nerves, followed by the placement of an
artificial spacer between vertebrae and stabilization with screws and rods to aid in spinal align-
ment during healing[g]. While the efhicacy and safety of MIS-TLIF are increasingly recognized,
its success depends on patient selection, severity of lumbar deformity, and pre-existing condi-
tions such as spinal instability, sagittal imbalance, osteoporosis, and advanced bone loss, which
may contraindicate lateral fusion approaches[9]. Furthermore, the learning curve associated with
MIS-TLIF can lead to complications such as dural tears, implant misplacement, nerve damage,
and incomplete fusion, necessitating enhanced surgical training[m].

Given the inconsistent results from studies comparing the clinical outcomes and fusion rates
of these techniques, our meta-analysis seeks to provide cumulative estimates of clinical efhcacy

and determine which surgical approach offers greater benefits.

2 Methods

2.1 A systematic search of the literature was conducted up to April 2023 across multiple

databases

Including PUBMED, the Cochrane Library, SCOPUS, Web of Science, EMBASE, and CNKI.
The search employed key terms such as  “transforaminal lumbar interbody fusion” or “TLIF”
alongside “minimally invasive” or “open” . Additionally, reference lists of relevant studies
were examined. No language restrictions were applied. This study adheres to the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) and AMSTAR (Assessing
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the Methodological Quality of Systematic Reviews) guidelines'').

2.2 Studies were eligible for inclusion if they

(1) utilized a comparative design comparing MIS-TLIF with open TLIF; (2) involved adult pa-
tients with degenerative lumbar conditions such as disc herniation, spinal stenosis, or spondylolis-
thesis; (3) reported on perioperative outcomes such as operative time, blood loss, improvements
in pain or disability, or fusion rates; and (4) included a follow-up period of at least six months
post-surgery. If multiple studies from the same group met the inclusion criteria, outcomes were

compared, and the most comprehensive or recent study was selected.

2.3  Exclusion criteria included literature reviews

Case reports, conference abstracts, editorials, biomechanical studies, animal studies, cadaver stud-

ies, and studies where full texts or data could not be retrieved were excluded.

2.4 Data Extraction and Quality Assessment: Data were extracted for each study

Including the first author’s name, year of study, study design, patient demographics, and outcomes
such as operative duration, blood loss, and hospital stay. The quality of the included studies was
assessed by two independent reviewers (CZX and LJY) using the Newcastle-Ottawa Scalel'?.
Although high-quality randomized controlled trials were scarce, the included studies (with NOS
scores ranging from 5 to 9) are considered to have high methodological quality. However, there
were notable limitations that may diminish the overall quality of evidence. These limitations
include the small number of studies available for certain subgroup analyses, incomplete clinical
outcome data in some studies, and two studies with small sample sizes that potentially increased
heterogeneity and bias. Additionally, the restriction to studies published in English may have
introduced language bias.

2.5 Statistical Analysis: Data analysis was performed using Review Manager

Clinical outcomes were analyzed as score differences between the 2-year follow-up and pre-
surgery values. Mean differences (MD) and 95% confidence intervals (CI) were calculated for
continuous variables, and relative risks (RR) for dichotomous variables. Heterogeneity was as-
sessed using the Chi-squared (Cochrane Q) test and the I? statistic. A fixed-effects meta-analysis
was applied if p > 0.1 and I* < 50%; otherwise, a random-effects model was used13], Strategies
to address heterogeneity were implemented as outlined in the Cochrane Handbook!'*). All tests

were two-sided, with statistical significance set at an alpha level of 0.05 unless otherwise specified.

3 Methods

Search Strategy and Inclusion Criteria: A systematic search of the literature was conducted up
to April 2023 across multiple databases, including PUBMED, the Cochrane Library, SCOPUS,
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Web of Science, EMBASE, and CNKI. The search employed key terms such as “transforaminal
lumbar interbody fusion”or “TLIF”alongside “minimally invasive”or “open”. Additionally, ref-
erence lists of relevant studies were examined. No language restrictions were applied. This study
adheres to the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
and AMSTAR (Assessing the Methodological Quality of Systematic Reviews) guidelines!!!].

Studies were eligible for inclusion if they: (1) utilized a comparative design comparing MIS-
TLIF with open TLIF; (2) involved adult patients with degenerative lumbar conditions such as
disc herniation, spinal stenosis, or spondylolisthesis; (3) reported on perioperative outcomes such
as operative time, blood loss, improvements in pain or disability, or fusion rates; and (4) included
a follow-up period of at least six months post-surgery. If multiple studies from the same group
met the inclusion criteria, outcomes were compared, and the most comprehensive or recent study
was selected.

Exclusion criteria included literature reviews, case reports, conference abstracts, editorials,
biomechanical studies, animal studies, cadaver studies, and studies where full texts or data could
not be retrieved.

Data Extraction and Quality Assessment: Data were extracted for each study, including the
first author’s name, year of study, study design, patient demographics, and outcomes such as op-
erative duration, blood loss, and hospital stay. The quality of the included studies was assessed
by two independent reviewers (CZX and L]Y) using the Newcastle-Ottawa Scalel'?l. Although
high-quality randomized controlled trials were scarce, the included studies (with NOS scores
ranging from 5 to 9) are considered to have high methodological quality. However, there were
notable limitations that may diminish the overall quality of evidence. These limitations include
the small number of studies available for certain subgroup analyses, incomplete clinical outcome
data in some studies, and two studies with small sample sizes that potentially increased hetero-
geneity and bias. Additionally, the restriction to studies published in English may have introduced
language bias.

Statistical Analysis: Data analysis was performed using Review Manager (version 5.3). Clin-
ical outcomes were analyzed as score differences between the 2-year follow-up and pre-surgery
values. Mean differences (MD) and 95% confidence intervals (CI) were calculated for continuous
variables, and relative risks (RR) for dichotomous variables. Heterogeneity was assessed using
the Chi-squared (Cochrane Q) test and the I? statistic. A fixed-effects meta-analysis was applied
if p > 0.1 and I? < 50%; otherwise, a random-effects model was used!!3]. Strategies to address
heterogeneity were implemented as outlined in the Cochrane Handbook!". All tests were two-
sided, with statistical significance set at an alpha level of 0.05 unless otherwise specified.

4 Results

4.1 Literature Survey

Our systematic search identified 44 studies, as detailed in Table 1. The initial search strategy
yielded 87 records. After screening the titles and abstracts, 64 articles remained. Seventeen studies
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were excluded due to duplication, meta-analysis overlaps, technical indications, commentaries,

and cadaveric studies. Ultimately, 44 studies met the inclusion criteria after a full-text review

(Figure 1).

Initial Search from Pubmed,
Scopus, EMbase, Web of
Science, Cochrane Library,
and CNKI (N=87)

l

Titles and Abstracts
Screened (N=64)

l

Full-text Screened (N=47)

Excluded Studies due to
Duplicates, Meta-Analysis,
Technical Indication,
Comment Articles, and
Cadaveric Studies (N=17)

Excluded Studies due to
Insufficient Data (N=3)

A4

Included Studies (N=44)

Figure 1: Flowchart

Intraoperative Radiological Exposure: In a meta-analysis of 12 studies involving 1,394 patients,

the weighted mean difference (WMD) in intraoperative radiological exposure time favored the

open group, with the minimally invasive surgery (MIS) group experiencing an average of 30.97
seconds longer exposure (95% CI: 20.53 to 41.42, P < 0.00001). This result was accompanied by
substantial heterogeneity (I2 = 99%, Figure 2).
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Figure 2: Intraoperative radiological exposure
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4.2 Blood Loss

Analysis of 39 studies comprising 3,276 patients revealed significantly greater blood loss in the
open group compared to the MIS group, with a WMD of 230.55 ml (95% CI: -273.92 to -187.19,
P < 0.00001), also demonstrating high heterogeneity (I = 98%, Figure 3).

MS Open Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV. Random, 95% CI
Alan T Villavicencio 2011 163 131.2 76 366.8 2982 63  2.5% -203.80[-283.12,-124.48] T
ChanYWeam Benedict Peng, 2009 150 100 29 681 250 29 2.4% -531.00[-629.00,-433.00] S
ChuYa'ei 2014 362 166 15 590 135 36 2.5% -22800[-322.88,-133.12) S S
Chusheng seng etal. 2013 1273 457 40 405 80 40 2.8% -277.70[-306.25,-249.15] B
Dhall 8 2008 194 1828 | 505 1828 il 2.4% -311.00 [421.57,-200.43] S s
F. Zair 2013 148 488 40 486 488 B0 1.8% -338.00[-533.24,-142.76] e
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Hwee Weng Dennis Hey 2015 2374 57.5 21 29141 65.6 21 2.7% -13.70 [-51.01, 23.61] = B
Jason 8. Cheng 2013 3925 284 50 5355 324 25 21% -143.00 [-292.42, 6.42] e B
Jian Guan 2016 120.2 63.7 44 3065 1657 54  2.7% -186.30[-234.34,-138.26] o
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Liang Bo e 2011 193.8 86.2 42 357.2 1164 45  27% -163.40[-206.25,-120.55] =5
Luo Zhi Ping 2015 175 56 42 296 108 54  27% -121.00[-154.42,-87.58] 3.5
Miguel et al. 2012 125 76.3 33 2746 994 33 27% -149.60[-192.35,-106.85) o
Owoicho et al. 2011 218.8 377 15 305 2 15  2.8% -86.20 [-108.04, -64.36] .
QI QiHua 2015. 200.4 70.57 28 260.54 100.34 26 27% -60.14 [-106.73,-13.55] e
Shu Dong Ping 2016 367 72 26 921 88 26 27%  274.90[231.20, 318.60] =3
Shunweu, Fan 2010 3988 1258 32 517 1478 30 26% -117.20[185.73,-48.67) SR 7R
Tang FuXing 2015 2458 56 28 3942 921 30 27% -14840[-187.34,-109.46] T
Tang Hongwei 2016 2025 1482 20 482 1999 25 2.4% -279.50[-381.28,-177.72) e
Wale et al.2014 95 20 57 786 107 1 2.6% -691.00 [-754.44,-627.56] ¥
Wang Hong Li 2011 207.7 57.6 41 2589 1222 38 27% -51.20 [[93.87, -8.53] =5
Wang Jian 2011 310 5 172 623 156 199 2.8% -313.00[-337.40,-288.60] s
Wang Lin Jie 2015 56.3 232 43 1674 475 43 28% -111.10[-126.90,-95.30] x
XU Hui 2013 211.5 458 48 5346 1004 43 27% -32310[-354.32,-291.89) =
Yan XiondWei 2016 4828 2748 51 7879 2647 46 2.4% -30510[-412.52,-197.69] T T
Yang Jin 2013 362 177 43 720 171 104 2.6% -358.00[-420.28, -295.72] S
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Figure 3: Intraoperative blood loss.

4.3 Postoperative Drainage Volume

Data from 15 studies, including 1,488 patients, indicated that postoperative drainage volume was
significantly less in the MIS group by 103.76 ml (95% CI: -125.15 to -82.38, P < 0.00001), with
notable heterogeneity observed (I* = 94%, Figure 4).

4.4 Surgery Time

Despite evidence of substantial heterogeneity, there were no significant differences in surgery
time between the MIS and open groups across 40 studies involving 3,470 patients (I = 99%,
Figure 5).
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Figure 4: Postoperative drainage volume.
MS Open Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV. Random. 95% CI IV. Random, 95% CI
Alan T Villavicencio 2011 2225 675 76 2149 60 63 2.5% 7.60[13.61,28.81] 3%
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Figure 5: Surgery time comparison between MIS and open groups.
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4.5 Length of Hospitalization

In 22 studies, including data from 15 studies that specifically compared the two groups, the MIS
group demonstrated a shorter hospital stay by an average of 1.95 days compared to the open group
(95% CI: -2.56 to -1.33, P < 0.00001). Significant heterogeneity was present in these findings
(I> = 96%, Figure 6).

MIs Open Mean Difference Mean Difference
Study or Subgroup Mean _SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Alan TVillavicencio 2011 3 23 B 42 35 63 49% -1.20[2.21,-019]
Chan¥earm Benedict Peng. 2009 4 1.25 29 &7 1.6 29 52% -270[-3.44,-1.96) —
Chusheng seng etal. 2013 36 03 40 59 0.4 40  56% -2.30[245-219] -
Giovanni B 2015 41 1 30 74 25 34 50% -330[4.21,-239) I
HeYong 2017 871 1.68 24 8.23 1.8 24 50% 048042 1.39) T
Hwee Weng Dennis Hey 2015 6.6 1 21 7 1.4 21 5.2%  -0.40[1.14,034] T
Jason S. Cheng 2013 48 18 50 6.05 1.8 25 51% -1.25[211,-0.39] I
Jian Guan 2016 5 13 44 38 1.3 54 54% 1.20[0.68,1.72) -
JianWang 2010 106 25 42 148 38 43 44% -400[5.36,-2.64] —_—
Kernetal. 2014 23 12 33 29 1.1 33 54% -060[1.16,-0.04] -
Kong etal. 2012 32 28 72 638 34 72 49% -360[463,-257) -
Kriangsak Saetia 2013 842 3.34 12 833 672 12 1.5% 0.09[-4.16, 4.34]
LiYu 2015 752 1.34 33 996 221 37 51% -2.44[-3.29,-1.59) -
Miguel etal. 2012 2 67 33 3 11 33 31% -1.00[-3.32,1.32] —
Owoicho Adogwa 2012 319 0.24 14 3875 0161 7 56% -0.69[-0.86,-0.51] -
Shu Dong Ping 2016 5 1 26 7 1 26 54% -2.00[2.54,-1.46] —
Shunwu, Fan 2010 93 26 32 125 1.8 30 48% -3.20[4.31,-2.09) I
Tang Fuxing 2015 66 16 28 9.8 19 30 50% -3.20[4.10,-2.30) -
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Figure 6: Length of hospitalization comparison between MIS and open groups.

4.6 Pain Outcomes Assessed by Visual Analog Scale (VAS)

4.6.1 Short-term Follow-up (< 6 Months)

Data from 12 studies analyzing VAS scores for back pain demonstrated that the minimally inva-
sive surgery (MIS) group reported significantly lower pain scores compared to the open group,
with a weighted mean difference (WMD) of -0.63 points (95% CI: -0.95 to -0.31, P = 0.001),
accompanied by substantial heterogeneity (I = 92%). Additionally, VAS scores for leg pain, de-
rived from 8 studies, showed a reduction of 0.49 points in the MIS group (WMD = -0.49; 95%
CI: -0.82 to -0.19, P = 0.004), with notable heterogeneity (I* = 88%).

4.6.2 One-year Follow-up

Analysis of 8 studies on VAS scores for back pain at one year revealed that the MIS group ex-
perienced a further reduction in pain by 0.37 points (WMD = -0.37; 95% CI: -0.62 to -0.13,
P = 0.003), with persistent high heterogeneity (I> = 93%). For leg pain at the same follow-up
interval, data from 5 studies indicated no statistically significant differences between the MIS and
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open groups (WMD = -0.02; 95% CI: -0.12 to 0.09, P = 0.77), with moderate heterogeneity (I
= 41%, Figure 7).

4.7 Long-term Pain Outcomes Assessed by Visual Analog Scale (VAS)
4.7.1 Two-Year Follow-up

In a meta-analysis of 13 studies evaluating back pain, the minimally invasive surgery (MIS) group
demonstrated a statistically significant reduction in pain scores compared to the open group, with
a weighted mean difference (WMD) of -0.31 points (95% CI: -0.44 to -0.17, P < 0.00001). This
finding was associated with moderate heterogeneity (I> = 73%). For leg pain assessed at the same
two-year follow-up, data from 8 studies indicated no statistically significant differences between
the MIS and open groups, witha WMD of -0.10 (95% CI: -0.25 to 0.06, P = 0.21). This outcome
also displayed moderate heterogeneity (I = 54%, Figure 7).

4.8 Functional Outcomes as Assessed by the Oswestry Disability Index (ODI)
4.8.1 Short-Term and Long-Term Follow-Up

Functional outcomes were evaluated using the ODI, a measure of disability due to back pain.
At the one-month follow-up, data from 5 studies indicated that the minimally invasive surgery
(MIS) group reported significantly lower disability scores compared to the open group, with a
weighted mean difference (WMD) of -3.21 points (95% CI: -4.65 to -1.77, P < 0.0001). High
heterogeneity was observed (I? = 95%).

At six months, 11 studies reported a continued advantage for the MIS group, with a WMD of
-0.79 points (95% CI: -1.21 to -0.37), also accompanied by significant heterogeneity (I = 96%).

At the one-year mark, 14 studies demonstrated that the MIS group maintained improved
functional outcomes, with a WMD of -1.18 points (95% CI: -1.58 to -0.77), indicating substantial
heterogeneity (I> = 85%, Figure 8). Over a longer term, the two-year follow-up data from
20 studies showed that the MIS group’s disability scores were consistently lower by 1.01 points
(WMD = -1.01; 95% CI: -1.34 to -0.67), with moderate heterogeneity (I> = 72%, Figure 8).

4.9 Fusion Rates

Fusion success at grade 1 and grade 2 levels was assessed as a satisfactory outcome for lumbar
fusion surgery. Analysis of the 6-month and 2-year fusion rates revealed no significant differences
between the minimally invasive surgery (MIS) and open groups. At 6 months, the odds ratio (OR)
was 0.90 (95% CI: 0.57 to 1.42, P = 0.65), and at 2 years, the OR was 0.86 (95% CI: 0.54 to 1.38,
P = 0.54), with an overall effect showing an OR of 0.88 (95% CI: 0.64 to 1.22, P = 0.45).
Chi-squared tests confirmed the absence of heterogeneity (I* = 0%, P = 0.83; Figure 9 ).
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Figure 7: VAS scores comparison between MIS and open groups at different follow-up intervals.

4.10 Physical and Mental Component Scores

Physical component scores from four studies indicated that the MIS group scored on average 3.21
points higher than the open group (WMD = 3.21, 95% CI: 0.03 to 6.40, P = 0.05). In contrast,
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Figure 8: ODI scores comparison between MIS and open groups at different follow-up intervals.

data on mental component scores from four studies showed no statistically significant differences
(Figure 10).
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Figure 9: Fusion rate comparison between MIS and open groups.
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Figure 10: Short-form 36 physical and mental component scores.

4.11 Neurogenic Symptom

Scores

At the 6-month follow-up, neurogenic symptom scores were reported in three studies. One of
these showed statistically significant differences, with a mean difference (MD) of 1.87 (95% CI:
0.67 to 3.07). There was no evidence of heterogeneity (I*> = 0%, P = 0.77; Figure 11). At
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the 2-year follow-up, although no individual study reported significant differences, pooled data
indicated that the open group had lower neurogenic symptom scores than the MIS group, with a
WMD of -1.44 (95% CI: 0.50 to 2.38, P = 0.003). Again, there was no evidence of heterogeneity
(I = 0%, P = 0.71; Figure 11).
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Figure 11: Neurogenic symptom scores at 6-month and 2-year follow-ups.

4.12 Biochemical Markers of Inflammation and Muscle Damage
4.12.1 C-reactive Protein (CRP)

CRP levels were measured in four studies at 24 hours post-operation. The minimally inva-
sive surgery (MIS) group exhibited significantly lower CRP levels than the open group, with
a weighted mean difference (WMD) of -17.20 ng/L (95% CI: -27.05 to -7.35), although signifi-
cant heterogeneity was present (I* = 89%, random effects). At 7 days post-operation, CRP levels
were reported in two studies, showing no significant differences between the groups (WMD =
-3.51 ng/L; 95% CI: -16.17 to 9.16), with very high heterogeneity (I* = 98%). Overall, CRP
levels in the MIS group were 12.45 ng/L lower than those in the open group (WMD = -12.45;
95% CI: -21.43 to -3.47), also displaying substantial heterogeneity (I> = 97%, Figure 12).

4.12.2 CK-MM

CK-MM levels recorded 24 hours after surgery in three studies showed that the MIS group had
significantly lower levels than the open group by 178.62 IU/L (WMD = -178.62; 95% CI: -
269.66 to -87.57), with evident heterogeneity (I> = 88%). At 7 days post-operation, CK-MM
levels were lower in the MIS group by 16.60 IU/L (WMD = -16.60; 95% CI: -33.47 to 0.27),
showing moderate heterogeneity (I> = 55%). Cumulatively, CK-MM levels in the MIS group
were 87.64 IU/L lower than in the open group (WMD = -87.64; 95% CI: -136.10 to -39.17),
with high heterogeneity (I = 94%, Figure 13).



28 Medical Research Volume 6, Issue 3, 2024

MS Open Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight V. Random, 95% CI IV, Random, 95% CI
1.14.1 24h after operation
John K. Houten 2011 135 82 35 213 5 11 17.4%  -7.80[11.81,-3.79] =
Liang Bo Yei 2011 575 171 42 896 235 45 155% -32.10[-40.70,-23.50] R T
QI QiHua 2015. 3486 971 28 4541 1054 26 16.9% -10.55[-15.97 -5.13] e
Zhou Shu 2013 32 165 30 529 22 30 14.8% -20.90[-30.74,-11.06] B TR
Subtotal (95% CI) 135 112 64.5% -17.20[-27.05, -7.35] R

Heterogeneity: Tau®= 87.68; Chi*= 28.54, df = 3 (P < 0.00001); I*= 89%
Test for averall effect: Z = 3.42 (P = 0.0006)

1.14.3 7days after operation

Liang Bo Wei 2011 213 82 42 34 93 45 17.5% -10.10[-13.78, -6.42] T
Ql QiHua 2015. 775 1.9 28 492 11 26 18.0% 2.83[2.00, 3.66] o
Subtotal (95% CI) 70 71 35.5% -3.51[-16.17, 9.16] -

Heterogeneity: Tau*= 81.74; Chi*= 4518, df =1 (P < 0.00001); I*= 98%
Test for overall effect: Z=0.54 P = 0.59)

Total (95% CI) 205 183 100.0% -1245[-21.43, -3.47] -
Heterogeneity: Tau®= 116.57; ChFf = 165.59, df= 5(P < 0.00001); F= 97% '-1U|J -éD 0 5'0 100

Test for averall effect: Z=2.72 (P = 0.007) .
Test for subaroun differences: Chi*= 2.80. df =1 (P = 0.09). IF = 64.3% Favours [experimental] - Favours [controf

Figure 12: C-reactive protein (CRP) levels comparison between MIS and open groups.

MSs Open Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV. Random, 95% CI IV. Random, 95% CI
1.17.1 24h CK-MM
Liang Bo Wei 2011 3023 1349 42 5877 2237 45 12.8% -28540[-362.45,-208.35) —

Ql QiHua 2015. 20248 5321 28 31284 7362 26 17.3% -110.36 [-144.85,-75.87] S
Zhou Shu 2013 2805 809 30 4372 1375 30 150% -156.70[-213.79,-99.61] SR n
Subtotal (95% CI) 100 101 45.0% -178.62 [-269.66, -87.57] —~eatiiiin-—-

Heterogeneity: Tau®= 5610.85; Chi*=16.78, df= 2(P = 0.0002); F = 88%
Test for averall effect: Z=3.85 (P = 0.0001)

1.17.2 7days CK-MM

Liang Bo Wei 2011 1291 514 42 1384 558 45 18.2% -9.30[-31.83,13.23] e B
Ql QiHua 2015. 93.86 26.32 28 12535 3583 26 18.5% -31.49 [-48.36, -14.62) %

Shunwu, Fan 2010 919 369 32 979 425 30 18.3% -6.00[-25.87,13.87] i
Subtotal (95% CI) 102 101 55.0% -16.60 [-33.47, 0.27] .J

Heterogeneity: Tau®*=121.81;, ChF=4.43 df=2 (P=0.11);, F=55%
Test for averall effect: Z=1.93 P = 0.05)

Total (95% CI) 202 202 100.0%  -87.64[-136.10, -39.17] -
Heterogeneity: Tau®= 3234.38; Chi*= 89.71, df= 5(P < 0.00001); = 94% t t t t
Test for averall effect: Z = 3.54 (P = 0.0004) =2l 'WUM]SUOp;nUU 280
Test for subaroup differences: Chi*=11.76. df= 1 (P = 0.0006). IF = 91.5%

Figure 13: Creatine kinase-MM (CK-MM) levels comparison between MIS and open groups.

4.12.3 CPK Levels

CPK levels recorded 24 hours post-operation were available in three studies. The minimally in-
vasive surgery (MIS) group had significantly lower CPK levels compared to the open group, with
a weighted mean difference (WMD) of -84.17 IU/L (95% CI: -93.40 to -74.95, P < 0.00001).
There was significant heterogeneity among the studies (I> = 91%). At 7 days post-operation,
data from two studies showed no statistically significant differences between the groups (WMD
=-0.72, 95% CI: -4.95 to 3.51), with low heterogeneity (I> = 43%). Overall, the MIS group had
lower CPK levels by 15.24 IU/L compared to the open group (WMD = -15.24, 95% CI: -19.09
to -11.40), with substantial heterogeneity (I* = 99%, Figure 14).
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MSs Open Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Fixed. 95% CI IV. Fixed. 95% CI
1.16.1 24h CPK
LiYu 2015 486.32 21.09 33 57355 18.36 37 17.0% -87.23[-96.55,-77.91] —=—
Owoicho Adogwa 2012 739 1,002 14 387 242 7 0.0% 352.00[-202.64, 906.64] ¢
Wang Hong Li 2011 5476 1757 41 4841 1208 38 0.3% 63.50[-2.59, 129.59]
Subtotal (95% CI) 88 82 17.4%  -84.17 [-93.40, -74.95] -

Heterogeneity: Chi*= 21.97, df= 2 (P < 0.0001); F=91%
Test for averall effect: Z=17.89 (P = 0.00001)

1.16.2 7days CPK

LiYu 2015 86.72 11.59 33 9014 13.24 37 437% -3.42[-9.24, 2.40]
Wang Hong Li 2011 497  16.2 4 474 145 38 38.9% 2.30 [-3.86, 8.46]
Subtotal (95% CI) 74 75 826% -0.72 [-4.95, 3.51]

Heterogeneity: Chi*= 1.75,df=1 (P=0.19); 7= 43%
Test for averall effect Z=034 P =0.74)

Total (95% CI) 162 157 100.0%  -15.23[-19.07, -11.38] *

Heterogeneity: Chi*= 283.56, df = 4 (P < 0.00001); 1*= 99% L y y i
-100 -50 0 50 100

Test for overall effect Z = 7.76 (P < 0.00001) .

Test for subaroun differences: Chi= 250.84. df = 1 (P < 0.00001). I*= 99.6% Favours [experimenta] - Favours [control]

Figure 14: Creatine phosphokinase (CPK) levels comparison between MIS and open groups.

4.12.4 Complication Rates

Complication rates were reported in 13 studies. There were no statistically significant differences
in complication rates between the MIS and open groups (I? = 12%, Figure 15).

MS Open Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed, 95% CI MH. Fixed, 95% CI
Alan T Villavicencio 2011 20 63 24 76 201% 1.01 [0.49, 2.07] S T
Chu YaWei 2014 1 15 2 36 1.5% 1.21 [0.10,14.50]
Darryl Lau 2013 9 78 14 49 20.6% 0.33[0.13, 083 T T
Dhall 55 2008 3 54 2 53 2.6% 1.50[0.24, 9.36] R
F. Zain 2013 1 40 5 60 5.3% 0.28[0.03, 2.51]
Giovanni B 2015 1 30 2 34 2.5% 0.55[0.05, 6.41]
Hwee Weng Dennis Hey 2015 8 25 2 25 1.8% 541[1.02,28.79 = = =
Shunwu, Fan 2010 3} 32 5 30 57% 1.15[0.31, 4.27] e
Wang Jian 2011 21 172 25 199  27.5% 0.97 [0.52,1.80] —
Yan XiongWei 2016 0 51 2 46 3.5% 017001, 3.70) ¢
Yang Jin 2013 3 43 4 104 2.9% 1.88[0.40, 8.76] e
Yang Yang 2015 5 50 4 50 4.9% 1.281[0.32, 5.07] —
Youly 2017 2 50 1 56 1.2% 2.29[0.20, 26.07]
Total (95% CI) 703 818 100.0% 0.94 [0.68, 1.30] L 4
Total events a0 92 . . )

Heterogeneity: Chi*= 13.61, df=12{P=0.33), F=12% '0.01 0j1 1 1'0 100

Test for averall effect: Z=033 P =0.70) MIsTUF OpenTUF

Figure 15: Comparison of complication rates between MIS and open groups.

5 Discussion

5.1 Advantages and Limitations of TLIF and MIS-TLIF

TLIF, an evolution of posterior lumbar interbody fusion (PLIF), was first introduced in 1998,
It offers several advantages over PLIF, including reduced epidural synechiae and decreased scar

formation. However, TLIF has limitations in contralateral decompression and incomplete disc
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removall®’, On the other hand, PLIF may result in abnormal physiological motion of the fused
lumbar segments, increased stress on adjacent segments, and accelerated degeneration[17].

With advancements in spine surgery, minimally invasive TLIF (MIS-TLIF) has emerged as a
popular alternative. MIS-TLIF is associated with reduced intraoperative blood loss, faster recov-
ery, and improved postoperative function!8], However, it also has limitations, such as restricted
working space, potentially leading to longer operative times and a steeper learning curvel'®), Ac-
cording to Lee et al.120], surgeons must perform 44 MIS-TLIF procedures to reach proficiency.
Additionally, MIS-TLIF has been reported to increase surgical risks by up to 31.37%!21, including
cage misplacement, screw misalignment, and nerve root injury. A contentious issue surrounding
MIS-TLIF is the increased intraoperative fluoroscopy exposures, challenging surgeons to choose

between minimally invasive and open techniques[zz].

5.2 Surgical Exposure and Long-Term Outcomes

One of the major drawbacks of MIS-TLIF is reduced surgical exposure and visualization, which
can lead to insufhicient neural decompression. This inadequate decompression may reduce the
long-term efficacy of the surgery®.. Although high-quality evidence supports the short-term
benefits of MIS-TLIF, its long-term outcomes remain uncertainl’®, Our meta-analysis sought
to compare the long-term clinical outcomes of MIS-TLIF and open-TLIF in treating single-level
degenerative lumbar diseases, with follow-up periods exceeding two years.

Previous meta-analyses by Sun et al.[3] Tian et al.2*), and Nickalus et al.2%) found that MIS-
TLIF resulted in less blood loss and shorter hospital stays compared to open-TLIF. However,
these studies had limitations, including a lack of focus on VAS scores for leg pain and varying
methodologies, potentially introducing bias. Additionally, these meta-analyses were restricted
to English-language publications, potentially overlooking important data and contributing to

publication biasl+26],

5.3 Clinical Effectiveness of MIS-TLIF

Our meta-analysis confirmed that MIS-TLIF is associated with significantly lower blood loss and
shorter hospital stays, with no significant difference in surgery time compared to open-TLIF.
These findings align with previous studies®. Patients undergoing MIS-TLIF also showed less
postoperative drainage volume. Regarding pain outcomes, MIS-TLIF led to better VAS back pain
scores at follow-ups of < 6 months, 1 year, and > 2 years. However, the advantages for VAS leg
pain were limited to the early postoperative period (< 6 months). No significant differences in

VAS leg pain were observed at the 1-year and 2-year follow-ups.

5.4 Functional Outcomes and ODI Improvements

Our meta-analysis revealed superior early (1 month, 6 months) and mid-term (1 year, [2 years)
ODI score improvements in the MIS-TLIF group. However, the conclusions should be inter-
preted with caution. Although Sun et al.13! found slight ODI improvement at 1-year follow-up,
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Nickalus R et al.[23] reported no significant differences. Further high-quality studies are necessary

to corroborate these findings.

5.5 Intraoperative Radiological Exposure

MIS-TLIF procedures are associated with longer intraoperative radiological exposure. Chang
Hyeun Kim et al.?! demonstrated that MIS-TLIF patients were exposed to 2.4 times more ra-
diation than open-TLIF patients, with higher lifetime risks of cancer and hereditary disorders.
However, the use of navigation-assisted fluoroscopy has shown potential for reducing intraoper-

ative radiation exposure in minimally invasive spine surgeries[30].

5.6 Learning Curve and Technical Challenges

The steep learning curve of MIS-TLIF can significantly affect surgery time and radiation expo-
sure. With advancements in technology and surgeon proficiency, it is anticipated that intraoper-
ative radiological exposure time will decreasel*”). Comparative studies have shown that radiation

doses vary depending on surgical technique and individual anatomy[3l’32].

5.7 Additional Clinical Outcomes and Fusion Rates

Our meta-analysis found no significant differences in SF-36 physical and mental component
scores, nor in NASS scores for neurogenic symptoms, between MIS-TLIF and open-TLIF groups.
Furthermore, fusion rates were comparable between the two procedures, consistent with prior

research®¥, The complication rates were also similar between the two techniques[%].

5.8 Biochemical Markers of Inflammation and Muscle Damage

CRP and CK-MM levels, commonly used markers of inflammation and muscle damage, were
lower in the MIS-TLIF group post-operation. Lower CRP levels in the early postoperative pe-
riod suggest reduced inflammatory response following MIS-TLIF, although there were no signif-
icant differences at 7 days post-operation. Similarly, CK-MM and CPXK levels were significantly
lower in the MIS-TLIF group 24 hours post-operation, indicating less muscle damage compared
to open-TLIFP3738] These findings suggest that MIS-TLIF is associated with less iatrogenic
muscle injury than open-TLIF.

5.9 Limitations

There are several limitations to our study. Firstly, there was a scarcity of high-quality randomized
controlled trials (RCTs), which are crucial for evaluating surgical treatments. Consequently, we
had to include retrospective and prospective studies, which are susceptible to selection bias. Many
of these studies had methodological defects, leading to significant heterogeneity when continuous
outcomes were pooled. Secondly, we did not analyze complications by specific types because the

nature of complications varied across studies; instead, we only analyzed the overall complication
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rate. Thirdly, the data we collected were not discharge values, which would have provided greater
confidence in our findings. Despite these limitations, our systematic review still offers valuable

insights for clinicians.

Table 1. Information of the two groups in the finally included articles

Study Methodological Quality
Studies Etiology Participants: Group 1: MIS TLIF Group 2: Open TLIF Design Outcome Collection Assessment of Included
udics
Chan Wearn Benedict Peng | Spondylolisthesis Group 1: 29 participants;mean age 54.1 year (26.4 ~73.6 years), female:male 24:5 follow-up =2 years pes 345679 §31C2108
2009(39] +DDD Group 2: 29 patients; mean age 54.1 year (26-73.6 years) follow-up =2 years, female:male 24:5 367 &
- - - — Group 1: 15 participants; mean age 50.8 year (SD age 7.9 years) femaleimale ratio of 8:7 follow-up =2 years
?m'[j}l‘ﬂ Adogwa | Degenerative spondylolithesis Group2: 15 participants mean age 49.7 year (SD age 11.4 years) RCS 2356. $:4+C:140:3=8
ratio of 10:5 follow-up 2 years
) o ) Group ;33 participants, mean age 51.67 = 12.19, femaleimale 23:10 Follow-up for2 years follow-up rte unclear e o
Miguel 2012(41) Spondylolisthesis + spinal stenosis+ DDD Group 2: 33 participants, mean age 49.85 + 10.72, 21:12, follow-up for 2 years, follow-up rate unclear res 2345, Sid1C:2102°8
Kong Hwee Lee 2012(42] ffc“:"‘_dmyn':’g;gl‘:pscz dise* spinal stenosist Group 1 :72 participants, age 52.2  13.8 , femal:male 52:20, follow-up 2 years ; follow-up rate 95.8% pcs 12345679 S0
e e Group 2:72 participants, age 56.6 % 14.6, femal:male 50:22, follow-up 2 years, follow-up rate 91.7% 3:4.5.679. g -
Group 1: 50 participants, age 53.5 & 12.5 years, mean age 53.5 years (SD age 12.5), female:male 34:16, follow-up =2
scott 2014[43] Spondylolisthesis year pCs 568 $:3+C:2+0:
Group 2: 50 pa s, age 52,6 11.6 years, 32:18. follow-up 22 year
Spondylolisthesis+ ) ’ N N
Group 1 : 33 participantsAge 51.67411.12Female:male 10:23Follow-up 22 years a0
Kern Singh 2014[44] [S)*;‘)’g' stenosis+ Group 2: 33 participantsAge 49.85+10.72Female:male 12:21Follow-up >2 years RCS 234 $:3+C:240:
- Group I: 57 participants, Mean age 61.1, female:male 40:17, follow-up =1 years o
Wale 2014[45] Spondylolisthes Croun 31 11 banicbant, mean acs 36 744 Tllonnp o ye RCS 2346 S:4+C:2+0:2-8
Spondylolisthesis+ Group 140 particpants, g 304 & 103, Tmalsmale 37, ollow-up 25 yeus e o
Seng 2013[46] P Groun st 37 followan =5 veans RCS 12345789 S:4+C:2+0:2-8
- Spondylolisthesis + ;
Al TVillavicencio Y Groupl: age:50.5(19-91) . follow-up:37.5(26-52) _
oo poD* g i ; i) RCS 234.14 S:4+C12+0:2-8
tenosis
—r iR Tollowm
Dhall SS 2008[48] Spondylolisthesis+ DDD Giroup! 21 partci po e sfollo ;ng';:lz;‘;g RCS 2314
Spondylolisthesis+ Group! :40parti - P0. 0:20;follow-up:27(24-39).
2
F. Zairi 2013149] DDD G icipants. age:48.P:0.723 47, follow-up:30(24-48) Res 2314
- Spondylolisthesis Group! :30parti 28- 18:12:follow-up:23(12-38).
Giovanni B 2015(50] DDD Group: ipants, age:51(32-58).female:male:20: 14, follow-up:25(12-40)2 RCS 2345614
Tiwee Weng Dennis Hey Group1 :23partici 419 213:foll 6.9 -
2015(51] NA Group age:43.6(20-69), 12:13, follow-up:29.3 pes 23414
Javier  Rodnguez-Vela | o Group1 21 participants, age:41.8+8.7:female:male:7: 14, follow-up:>3 years s .
2013(52] Group2:20parti 1547 13l 3 years
Degencrative spondylolisthes Groupl:42partici 7.9+ 9: 13sfollow-up26.3(13-33) I
Jian Wang 2010[53] Praene o e 271, low 492630133 pCs 234561014 S:4+C:2+0:2-8
Kriangsak Sactia 2013[54] | Spondylolisthesis Sf":s": '4* :1 o cimale: 1 Mhm e 282(2 4‘%) RCS 234.6.7. S:4+C:2+0:2=8
" Spondylolisthesis+ Group!:14parti 141321 pi>2ycars -
Owoicho  2012[55] o Pt o 3. llowapr2yenne pes 48 S:4+C:2+0:2-8
Spondylolisthesis+ . ol
Shunw, Fan 2010(56] DDD+ Group) L 141 oo avenrs pCs 2345.10.12.14
Stenosis Froup2: ot P2y
Single-level LDHT ;
4 413 2ol )
WANG Hong-1i2011[57] Spinal stenosis+ ﬁ’?“:"" y 173112 | '7{ 3follow-u 3-23'27(72(;:74)7) RCT 1.23.10.13 S:4+C:1+0:3=8
Spinal stenosis + e
Yang Yang 2015[58] Spondylolisthesis + Goupl 0413 p:2years RCT 123567.14
Grou 6.1511.0;fema 23:follow-up:2years
Disc herniation with segmental instabilit; P
Lumbar - S
Yi-bing Li 2016[59] Instability+Lumbar  stenosist  Lumbar 2‘;‘;‘5')‘2 cip 6047 10:43; follow-up:S1 s:;’;‘ PCs 36
Goupl:ISparticipants;
, , Group2:36participants: _< N
Chu Ya Wei 2014[60] DDD Mo age inall rscs, 53 (40-76) RCS 23.6.10.14
Female: Male in all cases: 17:34
Group! 26participans;
Spondylolisthesis+ Degencrative disc discase | Group2:19participants: S
Darryl Lau2013(61] (DDD). Mean age: Groupl: 50.5:13.4; Group2: 57.4£12.6 RCS 14
Group1:14:12:Group2:11:8
B Lumbar degenerative Goupl:3 1.8344, :18:foll 1p:23.57+3.05 <
LiYu 2015(62] disease Group2:3 4213 16:21;follow-up:24.67:3.48 pes 23.467.10.13
+ K 3-foll ¥
Liang Bo Wei 2011[63] Degenerative lumbar instability g“"' c 18;‘:‘1;1; 23; Tollom, 15233( 3726525)1 N RCS 23561011
LDI with instability: GouplL4: 434 23:follow-up:26:7
B
Luo Zhi Ping 2015(64] Lumbar stenosis+ Lumbar i Group2:54parti 4 22:32:follow-up:27:8 ReT 2361011
Spondylolisthesis+ ; ) 1650l
QI QI Hua 2015[65] DDD+ f{°"p' ’ P ! ;15395_:)) P >>ly|°’:'ar RCS 235.6.10.11.12 $:4+C:2+0:3=9
Stenosis - ¥
Wang Jian 2011166] Spondylolistheis gnupl TEpactipaasaged2 <] emlemale 1161 olow-v: 12277 ((1‘22553;> s 2356710 S
roup2: :126:73:
Lumbar degenerative 0= 21:22;Tollow-up:year o
Wang Lin Jie 2015[67] b ™ o iollonmnt Tacar RCS 234 $:3+C:2+0:3-8
Spondylolisthesis Tollow-up:6-1 2months
Xu Hui 2013(68] Gr 3:female:male:1 llow-up:6-12months RCS 123
T >
Vang Jin 2013(69] nalo-tovel lumbar - Goup!:A3partcipantsiage 5506 To)femleimale 28 5{ollow-up 2 monk(IE 26 i RCs 201004
Yang Lin 2014[70] Lumber degenerative disease Goupl: cip 2243 pCS 23.10
27601 10:follow-up:  1months(9-22
Zhang Hai Long 2011[71] | Spondylolisth fm"" ¥ " 52‘3&_7 10:16.f up:'“mmhs 92)) RCS 1236 $:3+C:2+0:3=8
Goupl A(42-65 ¥ p:18months(12-28)
Zhang Wen Zhi 2013[72] | Lumbar degenerative discase Group2:76parti 8(40-61 # p: 18months(12-28) RCS 123.67.10 S3+C2H
Zheng Yang 2014[73] Single level lumbar spine degenerative disease C"“‘l" participantsiage:4d. 471 11 ? Tifemale:male: 15 :1r‘;loll‘;:wuzpl f;n;g:":; STZ\MUZ:::;‘:;“{"":::;‘; RCS 23.56.10 S:4+C:2+0:3=9
o (Joupl 7211 :
Json'. Chengaoiafra) | Spondylosis Spondylolisthesis Foraminal | G100 P P 2 H RCs 2347
st The average follow-up for all patients was5.05:1.4 years
N Degencrative Goupl.: 44210.1 19;follow-u }
Jian Guan2016(75] inceaitiy + Deformitys o ’ ollowags RCS 234
You Lv2017[76] One-segment lumbar disc herniation C’"“"' SOparcipantsage:NA;Temalcimale NA_"’"‘“" By e pCs 234514
e Yong20177) Lumbar dise hermiation 2?\1‘7 Hpaticiptsage 314228 4 el 4101 £o”ow-:[; T RCs o
X “Sitoll
Li Ming2016[78] Spondylolisth gf::;z_ ¢ f 1 *'3 1am RCS 12356 S:3+C:2+0:3=8
Lumbar degenerative disease | SOUP! - : 12M
Shu Dong Ping2016[79] Group 44 ’ 115 follow-up3-12M RCS 2345710 $:3+C:2+0:3=8
spondylolisthesis+ Foraminal stenosis
- R Goupl: 5092771 10:10f0llow-up:24.4(14 1O
Tang Hong Wei2016[80] | Lumbar degenerative discase s e S 336 131 e 13 15F o ;Ip S Jxmomhs) RCS 236 $:4+C:140:2=7
Soupl: 44 < "
Tang Fu Xing2015[81] Discogenic Low Back Pain S‘“‘" ;‘é ::m:“:“ﬁ ig:';’r““:f 82‘;::1:“‘}“:; RCS 12345.6.10 $:3+C:240:3-8
: 5] 23:Roll
Yan Xiong Wei2016[82] Lumbar degenerative disease gf“‘ﬂ: P 9:] i lfollow up: 4; ;i: f’;"M PCS 2347.14 S:4+C:2+0:2-8
Tntraoperative radiological exposure
2Blood loss
3Surgury time
4Hospitalization
SVAS
60DI
7Fusion rate
8Short-form36
9Neurogenic symptom scores
10Postoperative drainage volume
11CRP
12CK-MM
13CPK
14Complication
RCT: randomized controlled trials
PCS: prospective cohort studys
RCS: retrospective cohort study
DDD: Degenerative disc discases
: Selection C:Comparability O: Outcome
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6 Conclusion

Our meta-analysis suggests that compared to TLIF, MIS-TLIF is associated with increased intra-
operative radiological exposure but results in significantly less intraoperative blood loss, reduced
postoperative drainage volume, shorter hospital stays, and lower overall VAS and ODI scores. Ad-
ditionally, MIS-TLIF is linked to lower levels of CRP, creatine kinase-MM (CK-MM), and CPK
postoperatively. However, no significant differences were observed between the two techniques

in terms of operative time, fusion rate, and physical and mental recovery.
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der the guidance of the Ministry of Education, the company carries out the Ministry of Educa-
tion’s Industry-University Cooperative Education Projects and the Supply-Demand Matching
Employment Education Projects. In addition, the company organizes the Preservation and Inno-

vative Development of Traditional Chinese Medicine competition.

Academic Journals and Book Publishing
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