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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 μGy). 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-

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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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 

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.
·	 Lumbar stenosis.
·	 Recurrent herniated disc (≥ third recurrence).
·	 Large mediolateral protrusions requiring extensive 

decompression.
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 

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).
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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 
μGy vs. 53.2 ± 3.1 μGy). 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 

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–II 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–II.

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 Figure 2. Difference between VAS scores.
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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 
et al. (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.

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.

Variable MIS TLIF Open TLIF  P-value
OP time (min) 267 ± 13.8 351 ± 11.9 <0.0001
Intraoperative blood loss (cc) 107 ± 3.9 331 ± 25.4 <0.0001
Hospital stay (days) 4.2 ± 0.3 6.7 ± 0.5 <0.0001
Radiation exposure (μGy) 137.8 ± 9.6 53.2 ± 3.1 <0.0001
Pre-OP VAS 8.2 ± 0.2 8.9 ± 0.2 0.023
PreOp ODI (%) 85.47 ± 6.21 85.63 ± 5.18 0.0001
Post-OP VAS 2nd day 3.6 ± 0.3 6 ± 0.29 <0.0001
Post-OP VAS 5th day 2.4 ± 0.2 4.8 ± 0.3 <0.0001
Post-OP VAS 12th day 1.3 ± 0.1 2.2 ± 0.2 0.0007
Post-OP ODI ~6months (%) 10.27 ± 2.66 6.1 ± 2.70 0.00012

Bridwell score: Number of Patients is MIS TLIF Number of Patients is Open TLIF
I 4 5
II 11 13
III 3 4
IV 0 1

FollowUp Timing (months) MIS TLIF Open TLIF
6.24 ± 0.34 6.4 ± 0.58

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

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, 
early ambulation, 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 
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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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