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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Minimally invasive TLIF (MIS-TLIF) may
reduce perioperative morbidity compared with conventional
open TLIF, but evidence from middle-income healthcare
systems is limited.

Aim: To compare clinical outcomes, radiological fusion, and
early postoperative recovery between open TLIF and MIS-
TLIF.

Methods: Forty-one patients undergoing one- to three-level
TLIF for degenerative lumbar conditions were retrospectively
analyzed (22 open, 19 MIS). Outcomes included operative
time, blood loss, hospital stay, pain intensity (VAS), Oswestry
Disability Index (ODI), radiation exposure, and fusion grade
(Bridwell system).

Results: MIS-TLIF was associated with shorter operative
times (267 £ 14 vs. 351 + 12 min), lower blood loss (107 =4 vs.
331 £ 25 mL), and shorter hospitalization (4.2 = 0.3 vs. 6.7 £
0.5 days; all P < 0.0001). Early pain recovery was faster (VAS
on day 12: 1.3 vs. 2.2; P < 0.0007). Functional improvement,
assessed using the Oswestry Disability Index (ODI) at
approximately 6 months postoperatively, paralleled these
findings, decreasing from 85.63 £ 5.18% to 10.27 + 2.66% in
the open TLIF group, and from 85.47 + 6.21% to 6.10 = 2.70%
in the MIS-TLIF group. Fusion rates were comparable, while
fluoroscopic exposure was higher in MIS-TLIF (137.8 £ 9.6 vs.
53.2 +3.1 pGy). No complications occurred in MIS-TLIF; open
TLIF had one revision for cage migration and one superficial
wound infection.

Conclusions: MIS-TLIF provides superior perioperative
outcomes and faster early pain recovery with comparable fusion
rates. Increased radiation exposure remains a consideration.
These findings support MIS-TLIF as an effective alternative to
open TLIF in middle-income healthcare settings.

Key words. Minimally invasive TLIF, Open TLIF, lumbar
fusion, degenerative lumbar spine, perioperative outcomes,
middle-income healthcare.

Introduction.

Lumbar fusion with instrumentation remains the standard
surgical treatment for degenerative lumbar spinal disorders,
including spinal stenosis, spondylolisthesis, and recurrent disc
herniation. It provides neural decompression, sagittal alignment
restoration, and spinal stabilization in patients unresponsive to
conservative therapy. Several interbody fusion strategies are
available, including transforaminal (TLIF), posterior lumbar
interbody fusion (PLIF), minimally invasive TLIF (MIS-
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TLIF), oblique lumbar interbody fusion (OLIF), and anterior
or lateral approaches (ALIF, LLIF, OLLIF, XLIF) [1-3]. Each
technique offers distinct advantages, but there is no universal
consensus regarding superiority, and surgical selection should
be individualized.

The conventional open TLIF, first described by Harms and
Rollinger in 1982 [4], is widely adopted. However, extensive
muscle dissection may lead to paravertebral muscle atrophy,
increased postoperative pain, and delayed functional recovery
[5,6]. Open TLIF may also be less effective in correcting
coronal imbalance or restoring lumbar lordosis [7]. MIS-TLIF,
introduced by Foley in 2003 [8], utilizes tubular retraction and
percutaneous screw fixation, minimizing muscular trauma and
reducing blood loss [6,9]. Concerns persist regarding limited
visualization, adequacy of decompression, correction of coronal
imbalance, elevated radiation exposure, and the steep learning
curve [10-12]. Alamin et al. reported in a multicenter randomized
study that MIS-TLIF significantly reduces paraspinal muscle
injury compared with open TLIF as assessed by MRI [13].
These considerations motivated the present comparative study.

Furthermore, the majority of the published literature
comparing open and MIS-TLIF originates from high-income
healthcare systems, where advanced navigation systems, robotic
platforms, and optimized perioperative pathways are routinely
available. In contrast, data from middle-income countries remain
limited, where resource constraints, reimbursement models,
and infrastructure variability can significantly affect surgical
efficiency, complication profiles, and recovery trajectories.
This context introduces unique challenges and opportunities
to evaluate the true cost-effectiveness and adaptability of MIS-
TLIF under constrained healthcare environments. Therefore,
our study aims not only to compare clinical and radiological
outcomes but also to contextualize these findings within the
socioeconomic realities of a middle-income healthcare system.

Materials and Methods.

This retrospective study included 41 patients who underwent
one- to three-level TLIF for degenerative lumbar disorders
between May 2017 and the present. Twenty-two patients
received open TLIF, and nineteen underwent MIS-TLIF. Cases
performed for spondylodiscitis were excluded. We excluded up
to 60 patients in the open group because we used to perform this
type of surgery without cage placement, using autologous bone
graft instead, due to lack of reimbursement. However, to ensure
comparable cohorts, only cases with interbody cage use were
included in the analysis.
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Open TLIF procedures were performed earlier in the study
period, and MIS-TLIF procedures were adopted progressively
using the inclusion criteria below; no selective preoperative
patient assignment was performed.

Inclusion Criteria:

Grade I-II spondylolisthesis.

Lumbear stenosis.

Recurrent herniated disc (> third recurrence).
Large mediolateral protrusions requiring
decompression.

extensive

Exclusion Criteria:

Significant coronal deformity.

Disease involving more than three levels.

Expected insufficient intraoperative visualization (For MIS
TLIF only).

Variables Collected:

Operative time, estimated blood loss, intraoperative
fluoroscopic dose, pre- and postoperative pain intensity (VAS
on pre-op, PostOp Day 2, PostOp Day 5, and PostOp Day 12),
length of hospital stay, and radiological fusion graded using
Bridwell classification at >6 months follow-up [14]. Functional
recovery was additionally evaluated using the Oswestry
Disability Index (ODI), administered during the follow-up
visit coinciding with the CT-based fusion assessment (mean
6.4 + 0.58 months for open TLIF and 6.21 + 0.34 months for
MIS-TLIF). The ODI was completed under supervision of the
attending surgeon or trained staff and expressed as a percentage
of maximal disability. Statistical analyses were performed using
GraphPad Prism 10.4.1 and Jamovi 2.5. Independent t-tests
were applied for group comparisons, with P <0.05 considered
statistically significant. Data are presented as mean + SEM.

Ethical approval was obtained from the institutional review
board, and all patients provided informed consent for the use of
anonymized data for research purposes. Although retrospective,
the study adhered to the STROBE (Strengthening the Reporting
of Observational Studies in Epidemiology) guidelines for cohort
studies to ensure transparency and reproducibility. Clinical and
radiological data were extracted from the hospital’s electronic
records and validated independently by two investigators to
minimize extraction bias. The Bridwell fusion grading was
reviewed by a blinded neuroradiologist with over 18 years of
experience in spinal imaging, further enhancing objectivity in
radiological assessment.

Surgical Technique.

Minimally Invasive TLIF (MIS-TLIF): The operative level
was identified intraoperatively using C-arm fluoroscopy, and
the pedicle midpoints were marked. A 1-2 cm incision was
made approximately 1 cm lateral to the pedicle projection. A
Jamshidi needle was advanced into the medial pedicle cortex,
and guidewires were placed bilaterally. Percutaneous screws
were inserted contralaterally, while ipsilateral serial tubular
dilators were advanced. A 22-mm diameter tubular retractor of
appropriate length was positioned over the facet joint and fixed
to the table.

Under microscopic visualization, the facet joint was exposed,
and a facetectomy was performed using an osteotome, preserving
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bone for autograft; a high-speed burr was not used. The
exiting and traversing nerve roots and dural sac were carefully
identified. When necessary, contralateral decompression was
achieved using an “over-the-top” technique by adjusting the
tubular retractor and rotating the operating table. The working
corridor between the nerve roots allowed complete discectomy
and endplate preparation using minimally invasive instruments.
A PEEK TLIF cage packed with local bone graft was inserted,
and bilateral percutaneous pedicle screws were fixed under
fluoroscopic guidance. The procedure was performed by two
spine surgeons: one placing the screws and the other performing
tubular decompression and cage insertion (Figure 1).

Open TLIF:

After confirming the operative level with fluoroscopy, a midline
incision was made. Subperiosteal dissection exposed the lamina,
facet joints, and transverse processes. Pedicle screws were
placed freehand. A laminectomy and unilateral facetectomy
were performed on the symptomatic side to decompress
neural elements and harvest autologous bone. The traversing

i

Figure 1. MISS TLIF Surgical Technique.

After the operative level is marked and left and right pedicles are
identified intraoperatively using a C-arm, 1-2 cm incision is made
approximately 1 cm lateral to the pedicle projection and guidewires are
placed bilaterally VIA Jamshidi needle (1). Percutaneous MIS screws
are inserted contralaterally, serial tubular dilators are advanced
ipsilaterally and 22-mm diameter tubular retractor of appropriate
length is positioned over the facet joint and rigidly fixed to the table
(2,3). Under microscopic visualization, the facet joint is exposed (4),
and a facetectomy is performed using an osteotome (5). (A high-speed
burr is not used, as the removed bone is preserved for autografting).
The exiting and traversing nerve roots and the dural sac are carefully
identified (6). Complete complete discectomy and endplate preparation
is performed with minimally invasive instruments and A PEEK TLIF
cage filled with local bone graft is inserted into the disc space. (7)
Finally, percutaneous pedicle screws are fixed bilaterally under C-arm
guidance (8,9).




nerve root and dural sac were gently retracted, followed by
discectomy and endplate preparation. A PEEK TLIF cage
packed with autologous bone was inserted, and instrumentation
was completed with rod placement and tightening.

Results.

The study included 22 patients in the open TLIF group (mean
age 56.7 = 16 years; 7 males, 15 females) and 19 in the MIS-
TLIF group (mean age 59.6 + 11 years; 10 males, 9 females).
Single-level procedures predominated in both groups (18 cases
each), with a few double- and triple-level interventions in the
open group and one double-level in the MIS group.

MIS-TLIF demonstrated significantly shorter operative times
(267 = 13.8 min vs. 351 = 11.9 min) and lower blood loss
(107 £ 3.9 mL vs. 331 + 25.4 mL) compared with open TLIF.
Radiation exposure was higher in the MIS group (137.8 £ 9.6
puGy vs. 53.2 + 3.1 uGy). Bridwell scores indicated comparable
fusion rates between groups (Table 1). Both techniques resulted
in substantial reductions in radicular symptoms, but MIS-TLIF
patients experienced faster postoperative pain resolution (Figure 2).

Functional recovery, as measured by the Oswestry Disability
Index (ODI), improved markedly in both groups. The mean
preoperative ODI was 85.63 + 5.18% for open TLIF and
85.47 £ 6.21% for MIS-TLIF. At approximately 6 months
postoperatively, coinciding with the CT-based fusion
assessment, ODI scores decreased to 10.27 & 2.66% in the Open
TLIF Group and 6.10 + 2.70% in the MIS Group, respectively
(P <0.001 for both).

Two complications occurred in the Open TLIF group, with one
patient requiring revision for cage migration and one superficial
wound infection managed conservatively.

Whereas none were observed in the MIS-TLIF group. Although
this may suggest a trend toward fewer complications with the
minimally invasive approach, the small sample size precludes
any statistically significant conclusion, and the finding should

VAS score comparison between groups
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Figure 2. Difference between VAS scores.
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be interpreted as an observed tendency rather than a definitive
difference.

Fusion was confirmed by CT scan at>6 months in all cases, with
the majority of both groups achieving Bridwell grade I-1I fusion.
No cases of pseudoarthrosis or implant loosening were observed.
When analyzing subgroup patterns, patients aged below 60
years in the MIS-TLIF group demonstrated slightly faster VAS
improvement and earlier ambulation compared with older
cohorts, although these differences did not reach statistical
significance (P=0.08). No correlation was found between
the number of fused levels and fusion grade, suggesting that
even two- or three-level MIS-TLIF can achieve comparable
radiological success to single-level procedures when performed
by experienced surgeons. These observations may indicate that
patient age and surgical level have limited influence on short-
term recovery in the context of optimized minimally invasive
protocols.

The average follow-up duration was 6.4 £ 0.58 months for
open TLIF and 6.21 £ 0.34 months for MIS-TLIF.

Discussion.

Our comparative series demonstrates clear, statistically
significant perioperative and early postoperative advantages
for minimally invasive TLIF (MIS-TLIF) compared with
conventional open TLIF. Numerically, MIS-TLIF was
associated with shorter operative time (267 = 13.8 vs. 351 £
11.9 min), markedly lower estimated blood loss (107 & 3.9 vs.
331 + 25.4 mL), and shorter length of stay (4.2 + 0.3 vs. 6.7 £
0.5 days), all with P <0.0001. Importantly, pain recovered faster
after MIS-TLIF: mean VAS decreased from 8.2 preoperatively
to 3.6 on postoperative day 2, 2.4 on day 5, and 1.3 on day 12,
substantially lower at each time point than the open group (all
P <0.0007).

Functional improvement, reflected by the Oswestry Disability
Index (ODI), paralleled the early pain recovery trend. Both
groups demonstrated marked postoperative improvement,
but the MIS-TLIF cohort achieved lower ODI scores at
approximately 6 months, corresponding to the CT-based
follow-up. This reinforces that the reduced tissue trauma and
blood loss inherent to MIS-TLIF translate not only into reduced
pain but also into faster restoration of functional capacity.
The comparable preoperative ODI values confirm that these
postoperative functional differences are attributable to the
surgical approach rather than baseline disparities.

Fusion outcomes, as assessed by Bridwell grades, were
comparable between the two groups, with most patients
achieving grade I-1I.

These perioperative advantages are consistent with the findings
of multiple meta-analyses and systematic reviews, which have
shown that MIS-TLIF typically results in reduced blood loss,
shorter hospitalization, and equivalent fusion rates relative to
open TLIF (Wang et al.; Goldstein et al.) [9,16]. Our blood
loss, length of stay, and fusion outcomes confirm these well-
established benefits.

Where our data diverges is in operative time. Sulaiman et al.
reported average times of 375 minutes for MIS-TLIF and 161
minutes for open TLIF [11], and Wang et al. similarly noted
longer MIS procedures during early adoption [9]. Lee et al. and



Table 1. Comparison of pre-, intra- and postoperative outcomes.

Variable MIS TLIF
OP time (min) 267 +£13.8
Intraoperative blood loss (cc) 107 £3.9
Hospital stay (days) 42+03
Radiation exposure (LGy) 137.8+9.6
Pre-OP VAS 82+0.2
PreOp ODI (%) 8547 +6.21
Post-OP VAS 2nd day 36+03
Post-OP VAS 5th day 24+0.2
Post-OP VAS 12th day 1.3+0.1
Post-OP ODI ~6months (%) 10.27 £ 2.66

Bridwell score: Number of Patients is MIS TLIF

I 4

I 11

I 3

v 0

FollowUp Timing (months) MIS TLIF
6.24+0.34

Phan et al. emphasized a steep learning curve, often requiring
30-50 cases before efficiency and complication rates stabilize
[13,14]. In contrast, our MIS-TLIF cases were completed more
quickly than open TLIF. This unusual finding can be attributed
to the surgeon’s extensive prior experience, having already
performed over 500 tubular discectomies and 400 percutaneous
pedicle screw placements across trauma, spondylodiscitis,
vertebroplasty, and oncological cases. After a focused two-
month fellowship, the surgeon placed 180 MIS pedicle screws
for degenerative lumbar disease and 400 for other conditions,
with no revisions for screw malpositioning. The subsequent use
of triggered electromyography further improved intraoperative
safety. This background eliminated the usual “time penalty”
associated with MIS, highlighting the critical role of surgeon
experience in operative efficiency.

Another critical element underlying the improved outcomes
in MIS-TLIF might be associated with the reduced systemic
inflammatory response with smaller surgical corridors. Several
studies have demonstrated that minimally invasive approaches
result in significantly lower postoperative serum creatine kinase
(CK), C-reactive protein (CRP), and interleukin-6 (IL-6) levels
compared with open TLIF, indicating decreased paraspinal
muscle trauma and systemic stress [19-23]. For example, Kim
etal. (2007) found that CK and CRP levels were markedly lower
following MIS-TLIF than open TLIF, correlating with less
postoperative back pain and faster mobilization [19]. Kotani et
al. (2015) similarly reported reduced IL-6 and CRP peaks after
MIS-TLIF, supporting a diminished inflammatory cascade [20].
These biochemical findings align with imaging evidence of
preserved multifidus muscle volume on MRI after MIS fusion
[21]. Although inflammatory markers were not systematically
measured in our series, incorporating such parameters in future
prospective studies could provide objective insight into the
physiological advantages of minimally invasive fusion.
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Open TLIF P-value
351+11.9 <0.0001
331+254 <0.0001
6.7+0.5 <0.0001
532+3.1 <0.0001
8.9+0.2 0.023
85.63£5.18 0.0001
6+0.29 <0.0001
4.8+0.3 <0.0001
224+0.2 0.0007
6.1+2.70 0.00012

Number of Patients is Open TLIF
5

13

4

1

Open TLIF
6.4+0.58

Era Effect and Selection Criteria.

The open TLIFs in our series represent earlier cases, whereas
the MIS-TLIFs are more recent. The timing of each procedure
reflected the natural adoption of surgical techniques rather
than selective patient assignment. Therefore, improvements in
surgical skill, anesthesia, instrumentation, perioperative care,
or operating room logistics are unlikely to have meaningfully
biased the comparative outcomes. Future prospective studies
may help confirm these findings, but temporal confounding is
expected to be minimal in our cohort.

Moreover, the surgeon’s extensive prior experience, over
500 tubular discectomies and 400 percutaneous pedicle screw
placements, has possibly resulted in procedural mastery
before the first MIS-TLIF case was performed. This expertise
explains the unexpectedly shorter operative durations observed
for MIS-TLIF compared to open TLIF, contrary to the “time
penalty” commonly reported during the early learning phase
of minimally invasive spinal procedures. Such proficiency
effectively eliminated the learning-curve delay usually seen in
MIS adoption, allowing the surgeon to perform MIS-TLIF with
efficiency comparable to, or exceeding, that of open surgery.

Thus, while a mild temporal bias exists due to the chronological
order of procedures, the superior outcomes of MIS-TLIF in
this series reflect surgical expertise and accumulated technical
refinement rather than advantages arising from external systemic
or technological progress.

Mechanisms for Faster Recovery:

The pronounced early pain reduction after MIS-TLIF is
biologically plausible. Alamin and colleagues, in a multicenter
randomized trial, demonstrated reduced paraspinal muscle
injury on MRI after MIS compared with open fusion [13].
Preservation of the multifidus and reduced muscle edema
directly correlate with earlier functional recovery and decreased
back pain, supporting the rapid VAS and ODI improvements in
our patients.



Radiation Trade-offs:

MIS-TLIF in our series required significantly greater
fluoroscopic exposure than open TLIF (137.8 £ 9.6 vs. 53.2
+ 3.1 uGy, P < 0.0001), consistent with reports of increased
radiation during percutaneous screw placement. This drawback
can be mitigated by adopting low-dose protocols, strict
adherence to ALARA principles, and the use of navigation or
robotic systems, which have been shown to reduce radiation
and improve accuracy in randomized and comparative studies.
However, the cost and availability of such technologies must
be considered, especially in middle-income healthcare systems.

Cost-Effectiveness in the Georgian DRG Context:

In Georgia, TLIF procedures are reimbursed under the national
DRG system. Local implant costs are as follows: pedicle screws
250-300 GEL each (mean 275 GEL; four screws per level),
rods ~50 GEL each (two rods per level), and PEEK TLIF cage
~400 USD (=1,076 GEL at 1 USD = 2.69 GEL). Thus, the total
hardware cost for a single-level construct is approximately
2,276 GEL (~847 USD). Our findings show no significant cost
difference between MIS and open TLIF in this DRG framework.

Internationally, Parker et al. reported no significant difference
in direct hospital costs between MIS and open TLIF, though
MIS was associated with reduced transfusion rates and shorter
hospital stays [16]. Goldstein et al. similarly found MIS to be
cost-neutral once implant and equipment costs were included,
with perioperative morbidity reductions favoring MIS [17].
Villavicencio et al. observed higher hospital charges during early
MIS adoption but emphasized potential long-term savings from
earlierreturn-to-work [ 18]. Considering our DRG reimbursement
model and the reductions in LOS and morbidity, MIS-TLIF may
be cost-saving or cost-neutral in Georgia. Furthermore, indirect
economic benefits of MIS-TLIF, such as earlier return-to-
work, reduced postoperative analgesic consumption, and lower
rehabilitation costs, may be even more impactful than direct
hospital savings. Considering the working-age profile of most
spinal fusion candidates, quantifying productivity gain could
provide valuable data for national health policy. Integration of
MIS-TLIF into public reimbursement schemes could thus align
both clinical and economic priorities, promoting sustainability
in spinal care within constrained healthcare systems.

A formal cost-effectiveness analysis incorporating local DRG
tariffs, implant procurement, OR time valuation, and indirect
societal costs is warranted.

Complications and Fusion Outcomes.

Complication rates were lower in the MIS group, with no
revisions or infections, compared to one revision for cage
migration and one superficial wound infection in the open group.
Although the sample size limits statistical power, this trend
aligns with meta-analytic data indicating equivalent or lower
complication rates with MIS. Fusion was confirmed by CT scan at
>6 months in all patients, and the majority achieved Bridwell grade
I-II fusion, again consistent with systematic reviews. No cases of
pseudoarthrosis or implant failure were detected.

Practical Implications.

Our data suggest that in experienced hands, MIS-TLIF
provides clear perioperative and early postoperative advantages,
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with faster recovery and no added cost burden under the
Georgian DRG system. However, radiation exposure must be
actively managed, and temporal confounding must be recognized.
Prospective studies with validated functional and quality-of-life
measures (ODI, SF-36/EQ-5D, return-to-work) and standardized
imaging follow-up are needed to confirm these findings.

Limitations.

This study has several limitations. First, it was a retrospective,
single-center analysis with a relatively small sample size,
which may limit generalizability. Although all procedures were
performed by the same surgeon using consistent indications,
techniques, and instrumentation, single-surgeon studies
inherently carry a risk of selection and performance bias, and the
results may reflect both the surgeon’s extensive experience and
institutional factors rather than being universally reproducible.

Second, the composition of the study cohorts introduces
potential period-related (era) bias. The open TLIF group
consisted of earlier cases, while the MIS-TLIF group included
more recent ones. Over this period, perioperative management
practices, including anesthesia protocols, multimodal analgesia,
earlyambulation, and rehabilitation strategies, may have evolved.
These changes could have contributed to shorter hospital stays
and faster early recovery observed in the MIS group. While both
groups were treated within the same institutional framework
and by the same surgical team, the influence of temporal bias
cannot be fully excluded.

Third, although functional recovery was assessed using the
Oswestry Disability Index (ODI), broader patient-reported
outcomes, such as health-related quality of life (SF-36, EQ-5D),
patient satisfaction, and return-to-work, were not collected.
These measures are increasingly recognized as essential for
evaluating the overall impact of spinal fusion beyond pain and
basic disability scores.

Fourth, the follow-up period of approximately six months
provides reliable information on early fusion and recovery but
does not capture long-term complications, including adjacent
segment degeneration, implant subsidence, or hardware failure.
Fusion was assessed using CT scans for diagnostic accuracy;
however, longer-term imaging and functional assessments are
needed to confirm the durability of surgical outcomes.

Finally, although cost elements related to implants and
hospital stay were reported within Georgia’s DRG framework,
this study did not perform a formal cost-effectiveness analysis.
Indirect costs, such as operating room time, management of
complications, and rehabilitation, were not included, limiting
economic conclusions.

In summary, despite these limitations, the uniform operative
technique, comparable patient characteristics, and consistent
institutional environment strengthen the internal validity of the
findings. Future prospective, multicenter studies with larger
cohorts, extended follow-up, and comprehensive quality-of-life
metrics are warranted to validate these results and better assess
the long-term clinical and economic benefits of MIS-TLIF in
middle-income healthcare settings.

Conclusion.

Both open TLIF and MIS-TLIF are safe and effective strategies
for neural decompression and stabilization in degenerative



lumbar spine disorders. In our cohort, MIS-TLIF demonstrated
clear perioperative advantages, including shorter operative
time, reduced blood loss, shorter hospital stays, and faster early
pain recovery, without compromising fusion rates or increasing
complication risk.

From a patient-centered perspective, MIS-TLIF offers faster
early functional recovery, which may translate into earlier
return to daily activities and improved short-term quality of life.
Although radiation exposure was higher in the MIS group, this
can potentially be mitigated with navigation-assisted or robotic
guidance techniques.

In the context of a middle-income, DRG-based healthcare
system such as Georgia, MIS-TLIF appears feasible and
potentially cost-neutral, given the reduction in hospital stay
and perioperative morbidity, although formal cost-effectiveness
analyses are warranted. While both approaches remain valid,
lateral approaches such as OLIF and XLIF may be preferable for
cases requiring optimal coronal or sagittal alignment correction.

Importantly, the study demonstrates that minimally invasive
spinal fusion techniques can be safely and effectively
implemented in middle-income healthcare systems without
dependence on high-cost navigation or robotic assistance. This
experience may serve as a practical model for centers seeking
to transition from conventional open fusion toward modern
minimally invasive spine surgery within resource-limited
frameworks.

Future studies with larger patient cohorts, longer follow-
up, standardized functional assessments (e.g., SF-36), and
incorporation of navigation technology are needed to validate
these findings, further reduce radiation exposure, and compare
outcomes across different surgical approaches.
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