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Abstract

Purpose The aim of the study was to compare the safety, perioperative outcomes, and radiographic fusion rate of oblique
lumbar interbody fusion (OLIF) and transforaminal lumbar interbody fusion (TLIF) in patient population including highly
comorbid patients who underwent lumbar fusion for degenerative pathology.

Methods This retrospective cohort study included 268 patients who underwent one- or two-level lumbar interbody fusion
(L3-L5) between 2017 and 2021. 201 patients underwent TLIF and 67 received OLIF surgery. Demographic, operative,
postoperative clinical, and radiographic data were collected. One-year CT and X-ray scans in a subset (=157 and n=174)
were used to evaluate bony fusion. Adverse Events (AEs) were categorized using the SAVES-V2 system. Multivariate logis-
tic and linear regressions models were applied to identify predictors of AEs and LOS.

Results Baseline characteristics were comparable between groups. OLIF demonstrated significantly reduced intraoperative
blood loss, minor perioperative decline in serum Hgb and shorter hospital stay, whereas TLIF had shorter operative times.
Early postoperative AEs and reoperation rates did not differ significantly. High-comorbidity patients showed similar safety
profiles. The overall one-year fusion rate was high in both groups (CT: 90.9% TLIF vs. 91.5% OLIF on CT- and 92.5% in
TLIF, 87% in OLIF on X-ray based measurements). OLIF achieved fusion more frequently within the cage, whereas TLIF
more often demonstrated fusion around the cage. Independent predictors of AEs included age, anthropometric factors, and
intraoperative blood loss. The regression model showed good discriminatory ability (AUC=0.735).

Conclusion Both OLIF and TLIF are safe and effective techniques for the surgical treatment of degenerative lumbar condi-
tions also in medically complex patients. OLIF offers advantages in blood loss and LOS, while TLIF allows shorter operative
times. Surgical approach should be individualized based on patient anatomy and surgeon expertise.
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Introduction

Transforaminal Lumbar Interbody Fusion (TLIF) and
Oblique Lateral Interbody Fusion (OLIF) are widely prac-
ticed approaches for lumbar spinal fusion [1-5]. TLIF is a
posterior approach allowing direct decompression of neural
elements through resection of compressive structures via an
enlarged interlaminar window [1, 5, 6]. In contrast, OLIF
uses a minimally invasive retroperitoneal approach to the
intervertebral disc achieving indirect decompression by
restoring disc height and foraminal space with a large inter-
body cage [2, 6].

Anatomical and procedural differences between TLIF and
OLIF may lead to different safety and efficacy profiles. Pre-
vious comparative studies and meta-analyses have shown
conflicting results and often did not separately analyse high-
risk patients with substantial comorbidities [7-10]. Given
their growing prevalence, further studies are warranted.

This study aimed to compare OLIF and TLIF regarding
perioperative complications, mid-term adverse events and
radiographic fusion outcomes in a retrospective cohort. As
published data on frail patients remain limited, patients with
comorbidities were analysed in detail.

Methods
Study cohort

This retrospective cohort study included patients who
underwent one- or two-level lumbar interbody fusion at
the L3-L5 levels for degenerative pathology at a tertiary
spine center between 2017 and 2021. Indications included
symptomatic segmental instability due to disc degenera-
tion, degenerative spondylolisthesis, degenerative scoliosis
and spinal canal stenosis, disc herniation. Exclusion crite-
ria were prior lumbar stabilization, incomplete medical or
imaging records, or non-degenerative pathologies such as
trauma, tumor, or spinal infection.

67 eligible subjects who underwent OLIF were identi-
fied. To minimize confounding effects, a propensity score
matching strategy was applied, and 201 subjects who under-
went TLIF surgery were selected, so the final cohort con-
sisted of 268 patients. TLIF was performed via a standard
open posterior approach using PEEK or titanium interbody
TLIF cage filled with autologous local bone graft, followed
by transpedicular posterior screw-rod fixation. In OLIF pro-
cedures, discectomy(s) was performed via a standard left-
sided retroperitoneal (anterior-to-psoas) approach. A PEEK
OLIF cage filled with hydroxyapatite-based bone graft was
inserted, finalized with either lateral plate or percutane-
ous transpedicular screw-rod fixation. All procedures used
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C-arm fluoroscopic guidance for visualization. The comor-
bid subgroup was defined based on the Charlson Comorbid-
ity Index (CCI) [11]. Patients with a CCI score of 5 or higher
were included in this sub-cohort [12, 13]. The study was
approved by the Medical Research Council (29970/2015/
EKU).

Data collection

Demographic, surgical, and clinical data were retrieved
retrospectively from electronic records. Variables included
patient demographics (age, sex, BMI), comorbidity scores
(CCI, frailty index), surgical parameters (pathology, instru-
mentation, operative time, estimated blood loss, hospital,
ICU stay), and postoperative outcomes (complications,
adverse events, reoperations, radiographic fusion results)
[14, 15]. Adverse events (AE) were graded by severity using
the SAVES-V2 system (Spinal Adverse Events Severity
System Version 2) [15].

All patients had standard pre- and postoperative radio-
graphs. Interbody fusion was assessed on standing X-ray
obtained at 1 year postoperatively (mean = 392.9 days) in
174 patients and graded on a three-level scale [16]. Accord-
ing to this scale, Grade 1 is complete fusion with a bone
bridge between the adjacent vertebral bodies; Grade 2
means no visible bone bridge but no radiolucency around
the cages with a thick fusion mass; and Grade 3 is non-union
with radiolucency around the cages consistent with bone
resorption/pseudoarthrosis. Achieved fusion was defined as
Grade 1 or Grade 2 [16]. Although postoperative computed
tomography (CT) is not routinely included in the institu-
tional follow-up protocol, 154 patients (57.4%) had postop-
erative CT imaging at one year (mean = 354 days) available
for detailed fusion analysis. Fusion was evaluated by the
Bridwell classification in three anatomical locations: within
the interbody cage, around the cage, and in the posterior
column [14]. “Solid bony fusion” was defined as the pres-
ence of Bridwell Grade 1 remodelling in at least one region
of the spinal segment.

Statistical analysis

Statistical analysis was performed using R-Commander and
SPSS software. Continuous variables were tested for nor-
mality and compared with Welch’s t-test or Mann-Whitney
U-test. Categorical variables, including complication and
fusion rates, were analyzed using Chi-square test or Fish-
er’s exact test as appropriate. Risk factors for adverse events
were assessed in a multivariate logistic regression model,
and predictors of longer hospital stay was determined by
a multivariate linear regression. A significance threshold of
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p<0.05 was used for all comparisons. Our total sample size
was enough high to provide a 100% power to detect the dif-
ference in blood loss or operating time at alpha level of 0.05.

Results
Cohort demographics

Baseline characteristics did not differ significantly between
TLIF (n=201) and OLIF (n=67) subgroups (Table 1). The
cohort was typical for degenerative lumbar fusion popula-
tion in our country, characterized by mean age of 62.7+12.7
years, mean BMI was 28.8+4.7 kg/m%. Majority of patients
were female in both groups (70.1%). Comorbidity burden
was similar across groups, (mean Charlson Comorbidity
Index (CCI) 2.49+1.72). Frailty scores were comparable
(0.3£0.09 vs. 0.29+0.11; p=0.77). In the comorbid subco-
hort (CCI>5, n=32), patients were older, but TLIF (n=24)
and OLIF (n=28) subgroups remained demographically bal-
anced (Supplementary Table 1).

Underlying degenerative pathologies justifying the lum-
bar fusion were mostly similar in TLIF and OLIF groups,
with a few notable differences in prevalence (Table 1). Spi-
nal canal stenosis was the most common indication overall

Table 1 Characterization of the cohort

and was significantly more frequent among TLIF patients
(58.7%) compared to OLIF patients (43.3%; p=0.03).
Disc herniation was also more prevalent in the TLIF group
(42.3% vs. 26.9%; p=0.02). In contrast, degenerative spon-
dylolisthesis was significantly more common in the OLIF
group (55.2%) than in the TLIF group (32.8%; p=0.001).
Other findings were not significantly different. In the high-
comorbidity subgroup (CCI>5, n=32), the distribution of
radiographic pathologies was more similar between TLIF
and OLIF. Degenerative scoliosis was the only pathology,
being significantly more prevalent in OLIF patients (50%
vs. 0% in TLIF; p<0.002).

Surgical characteristics

Operated-level distribution was identical between groups
(Table 1). Single-level fusions accounted for 78.6% in the
TLIF group and 77.6% in OLIF, the rest underwent two-
level fusion. Prior decompression at the index level occurred
in 22.9% of TLIF and 25.4% of OLIF patients (p=0.678).
Operative time and blood loss differed significantly between
TLIF and OLIF. OLIF surgeries were significantly lon-
ger (mean operative time: 182.2+42.2 min, compared to
135.3£44.9 min for TLIF (p<0.001). Conversely, TLIF
procedures were associated with significantly greater

Total cohort TLIF OLIF

(n=268) (n=201) (n=67)
Age (year, mean+SD) 62.7+12.7 62.6+£12.77 62.8+12.67
Weight (kg, mean+SD) 81.2+15.5 81.6+16.29 81.2+16.14
Height (m, mean+SD) 1.68+0.10 1.67+£0.09 1.66+0.11
BMI (mean+SD) 28.8+4.7 29.08+4.43 29.19+4.33
Female (%) 188 (70.4%) 141 (70.1%) 47 (70.1%)
Male (%) 80 (29.6%) 60 (29.9%) 20 (29.9%)
Charlson Comorbidity Index (mean+SD) 2.49+1.72 2.45+1.68 2.58+1.84
Frailty score (mean+SD) 0.30+0.10 0.3+0.09 0.29+0.11
Morphological indication for surgery
Spinal canal stenosis 147 (54.9%) 118 (58.7%) 29 (43.3%) *

Anterolisthesis 103 (38.4%) 66 (32.8%) 37 (55.2%) *
Retrolisthesis 4 (1.5%) 2 (0.9%) 2 (2.9%)

Disc herniation 103(38.4%) 85 (42.3%) 18 (26.9%) *
Degenerative scoliosis 39 (14.6%) 31 (15.4%) 8 (11.9%)

Disc degeneration 48 (17.9%) 36 (17.9%) 12 (17.9%)
Surgical details

Previous decompression at index level 63 (23.5%) 46 (22.9%) 17 (25.4%)
Single level fusion 210 (78.4%) 158 (78.6%) 52 (77.6%)
Two-level fusion 58 (21.6%) 43 (21.4%) 15 (22.4%)
Operation time (minutes, mean+SD) 147.0+£48.6 135.3+44.93 182.2£42.21%*
Intraoperative blood loss (mL, mean+SD) 320.5+250.8 381.7+£255.56 133.94+96.96%*
A Hgb (g/L, range) —16.5 (0- —84.0) —18.8 (0- —84.0) —9.24 (0- —40.0)*
A Htc (range) —0.043 (0- —0.142) —0.048 (0- —0.142) —-0.028 (0- —0.12)
Length of ICU stay (days, mean=+SD) 0.85+0.91 1.19+3.83 0.85+1.18
Length of hospital stay (days, mean+SD) 7.12+3.17 7.33+3.22 6.47+2.92*

* p<0.05, ** p<0.01 comparing TLIF to OLIF
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intraoperative blood loss (mean+SD was 381.7+255.6 mL
vs. 133.9+£97.0 mL in OLIF group, p<0.001). The postop-
erative decline (A) in serum haemoglobin (Hgb, g/L) and
haematocrit (Hct) values were —16.5 g/L and —0.048 for the
TLIF and —9.24 g/L and —0.028 for the OLIF cohort. The
difference between TLIF and OLIF cohort was significant
in change of the Hgb level (p=0.035). The mean postop-
erative length of hospital stay was longer in TLIF patients
(7.33+£3.22 days) compared to OLIF (6.47+2.92 days;
p=0.044). Intensive care unit (ICU) utilization was minimal
and similar in both groups (TLIF: 1.19+3.83 days, OLIF:
0.85+1.18 days; p=0.268). In the comorbid subgroup
(CCI=5), blood loss was higher in TLIF (519.6+£377.8
mL vs. 200.1+113.1 mL; p=0.019). In this frail subco-
hort, the mean operation time (TLIF: 151.46+53.58, OLIF:
193.75+49.19; p=0.059) and the hospital length of stay
(TLIF: 9.17£5.02, OLIF: 8.88+5.01; p=0.89) did not dif-
fer significantly. ICU stays remained low in the comorbid
subgroup (TLIF: 1.38+0.8 vs. OLIF: 2+2.65; p=0.53).

Table 2 Intra and early postoperative (<40 days) adverse events

Intraoperative complications and
postoperative adverse events

Intraoperative complications were rare in both techniques.
Dural tears occurred in 6 TLIF cases (3%) and none of the
OLIF cases. No direct nerve root injuries occurred. Impor-
tantly, there were no intraoperative major vascular or vis-
ceral injuries in the OLIF group. (Table 2.)

Early postoperative (within 40 days) adverse event
(AE) rates did not differ significantly between groups. In
the total cohort, and 35 TLIF patients (17.4%) and 9 OLIF
patients (13.4%) experienced at least one early postop-
erative adverse event. New or worsened motor symptoms
occurred in 15 patients (5.6%)— 12 TLIF (5.9%) and 3 OLIF
(4.5%) cases. New or worsened sensory symptoms occurred
in 10 patients (3.7%)—7 in the TLIF (3.5%) and 3 in the
OLIF group (4.5%). Clinically significant postoperative
radicular pain was more prevalent in the TLIF group (6.5%)
compared to OLIF (1.5%) but did not differ significantly.
Most resolved conservatively, but a few required reopera-
tions (details later). Surgical site infections occurred in 8

Total cohort

Comorbid subcohort

All patients TLIF OLIF All patients TLIF OLIF

(n=268) (n=201) (n=67) (n=32) (n=24) (n=8)
Number of surgeries with AEs (%) 45 (16.8%) 40 (19.9%) 9 (13.4%) 9 (28.1%) 9 (37.5%) 0
Number of intraoperative AEs 6 6 0 1 1 0
Dural tear 6(2.2%) 6 (2.9%) 0 1 (3.1%) 1(4.2%) 0
Nerve root injury 0 0 0 0 0 0
Vascular injury 0 0 0 0 0 0
Visceral injury 0 0 0 0 0 0
Number of surgeries with AEs (%) 44 (16.4%) 35 (17.4%) 9 (13.4%) 8 (25.0%) 8(33.3%) 0
Number of early postoperative AEs 67 52 15 14 14 0
Surgical site infection 8(2.9%) 7 (3.5%) 1 (1.5%) 2 (6.3%) 2 (8.3%) 0
Wound hematoma 1 (0.4%) 0(0.0%) 1 (1.5%) 0 0 0
Peritoneal pain 1 (0.4%) 0 (0.0%) 1 (1.5%) 0 0 0
Motor symptoms 15 (5.6%) 12 (5.9%) 3 (4.5%) 3(9.4%) 3 (12.5%) 0
Sensory symptoms 10 (3.7%) 7 (3.5%) 3 (4.5%) 1 (3.1%) 1 (4.2%) 0
Radicular pain (treated at least conservatively) 14 (5.2%) 13 (6.5%) 1 (1.5%) 4 (12.5%) 4 (16.7%) 0
Blood loss indicating transfusion 8 (3.0%) 6 (3.0%) 2 (3.0%) 2 (6.3%) 1 (4.2%) 1(12.5%)
UTI 2 (0.7%) 2 (0.9%) 0 0 0 0
Dyspnoea 1 (0.4%) 1 (0.5%) 0 0 0 0
Deep vein thrombosis 0 0 0 0 0 0
Pulmonary embolism 0 0 0 0 0 0
Retroperitoneal fluid (seroma) 1 (0.4%) 0 1 (1.5%) 0 0 0
Implant related complications
Screw malposition 4 (1.5%) 2 (1.5%) 2 (2.9%) 1 (3.1%) 1 (4.2%) 0
Screw loosening/pull out 3 (1.1%) 3 (1.5%) 0 1 (3.1%) 1 (4.2%) 0
Cage/plate subsidence/loosening 4 (1.5%) 2 (1.0%) 2 (4.5%) 1 (3.1%) 1 (4.2%) 0
Autograft migration 1 (0.4%) 1 (0.5%) 0 0 0 0
Severity of early postoperative AEs (SAVES-V2)
1 16 11 5 1 1 0
2 20 16 4 4 4 0
3 31 25 6 9 9 0
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Table 3 Significant predictors of early postoperative AEs

Predictors of early postoperative AEs

Multivariate logistic regression

Multivariate logistic regression

(Enter method) (Backward stepwise method)

B (SE) Wald  OR p B (SE) Wald  OR P
TLIF vs. OLIF —0.065 (0.628) 0.011 0.938 0.918
Age (vear) 0.058 (0.027)  4.77 1.060  0.029  0.059 (0.018) 1054 1.06 0.001
Sex 0.012 (0.554) 0.000 1.012 0.983
Height (cm) —0.241 (0.119) 4.27 0.000 0.039 —0.218 (0.114) 3.69 0.000 0.055
Weight (kg) 0.258 (0.118) 4.73 1.294 0.030 0.228 (0.113) 4.06 1.26 0.044
BMI (kg/m2) —0.734 (0.337) 4.75 0.480 0.029 —0.666 (0.33) 4.24 0.514 0.040
CCI 0.139 (0.211) 0.435 1.149 0.510
Frailty score —4.291 (2.711) 2.51 0.014 0.113
ASA score —0.049 (0.508) 0.009 0.952 0.923
Single vs. two-level fusion 0.167 (0.448) 0.139 1.182 0.709
Operation time (min) —0.002 (0.005) 0.252 0.998 0.616
Blood loss (every 100 ml) 0.2 (0.1) 4.87 1.2 0.027 0.2 (0.1) 8.395 1.2 0.004
Transfusion (RBC) 0.255(0.876)  0.085 1290  0.771

ROC Curve

patients (2.9 (7 (3.5%) TLIF and 1 (1.5%) OLIF cases). Uri-
nary tract infections and transfusion-requiring postopera-
tive blood occurred in 2 TLIF cases (0.9%), and none in the o

OLIF group. Other rare events - wound hematoma (n=1),
peritoneal pain (n=1), retroperitoneal seroma (n=1) - were
reported only in the OLIF cohort and one TLIF patient had
dyspnoea. No cases of deep vein thrombosis or pulmonary
embolism were observed in either group.

Objectively verifiable implant-related complications
were documented 12 times in the total cohort. Cage subsid-
ence/loosening was identified in 4 patients (2 TLIF, 2 OLIF),
screw malposition was seen in 4 cases (2 TLIF, 2 OLIF).
Screw loosening or pull out was noted only in the TLIF
group (3 cases, 1.5%), as well as autograft migration to the
spinal canal occurred in one TLIF case (0.5%). Regarding
the categorization of AEs by SAVES-V?2, the ratio of grades
did not show significant difference. Most AEs were low-
grade and self-limiting (1st, 2nd grade), some were moder-
ate (3rd grade). No severe (4th —6th grade) AE occurred in
the cohort.

AEs were more frequent in the comorbid subcohort (25%
vs. 16.4% in patients with CCI>5 vs. patients with CCI<5)
but this difference was not significant (Chi-square=1.95,
p=0.163). All AEs in this subcohort occurred in the TLIF
subgroup (8 TLIF patients vs. 0 OLIF patient).

Predictors for AEs and longer hospital stay

Effect of 13 perioperative variables on the risk of AEs
were analyzed in multivariate logistic regression models
(Table 3). Applying enter method, older age, height, weight,
BMI and intraoperative blood loss showed significant risk
and the same predictors consisted of the final backward
stepwise model (Table 3). Using the predicted individual

Sensitivity

on os
1 - specificity

Fig. 1 ROC curve representing the discriminating power of the final
regression model

values from the final significant regression model (Chi-
square=30.73, df=5, p<0.001), a ROC (Receiver Operat-
ing Curve) analysis was conducted. AUC (Area Under the
Curve) was 0.735 demonstrating a clinically applicable and
significant (p<0.001) risk prediction capability (Fig. 1).

The occurrence of any AE was the only significant predic-
tor for longer hospital stay in the multiple linear regression
model built by enter method. The final backward stepwise
model consisted of 3 more predictors namely CCI, ASA
score and intraoperative blood loss (F=22.47, p<0.001 for
the final model) (Table 4).

Reoperations

Early reoperation rates (within 40 days) did not differ signif-
icantly between groups. In the total cohort, 8 TLIF patients
(4.0%) underwent a reoperation compared to 3 OLIF
patients (4.5%) (p=1) (Table 5). Wound related reopera-
tions (superficial debridement and re-suture) were needed
in 2 TLIF cases. Additional decompression for residual ste-
nosis or disc herniation was performed in 3 TLIF patients
and 1 OLIF patient. Implant or bone graft related indication
occurred in 3 TLIF and 1 OLIF cases and one OLIF patient

@ Springer
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Table 4 Result of multiple liner regression models on LOS

Predictors of LOS Multiple linear regression Multiple linear regression

(Enter method) (Backward stepwise method)

B(SE) t p B(SE) t )4
(Constant) 3.257 0.160 0.873 6.24 (0.882) 7.08 0.000
Surgery with AE 2.09 (0.468) 4.480 0.000 2.16 (0.452) 4.78 <0.001
TLIF vs. OLIF 0.465 (0.577) 0.806 0.421
Age (year) 0.039 (0.027) 1.466 0.144
Sex —0,656 (0.535) —-1.227 0.221
Height (cm) 0.008 (0.118) 0.068 0.946
Weight (kg) —0.014 (0.117) —0.118 0.906
BMI (kg/m2) 0.061 (0.33) 0.185 0.853
CCI 0.365 (0.208) 1.757 0.080 0.645 (0.11) 5.88 <0.001
Frailty score 2.103 (2.47) 0.852 0.395
ASA score —0.858 (0.471) —1.821 0.070 —0.833 (0.446) —-1.87 0.063
Single vs. two-level fusion —0.070 (0.456) —0.153 0.879
Operation time (min) —0.002 (0.005) —0.493 0.623
Blood loss (every 100 ml) 0.153 (0.097) 1.580 0.115 0.183 (0.068) 2.69 0.008
Transfusion (RBC) 0.381 (1.007) 0.379 0.705

Table 5 Reoperations in the study cohort

Total TLIF  OLIF
cohort  (n=201) (n=67)

(n=268)
Reoperation less than 40 days after 11 8(3.0%) 3 (4.5%)
the surgery (4.1%)

Re-suture the dehiscence 2(0.7%) 2(0.9%) 0 (0.0%)

Decompression 4 (1.5%) 3(1.5%) 1(1.5%)
Implant revision
Malposition

Cage subsidence

Autograft migration

2(0.7%) 1(0.5%) 1(1.5%)
1(0.3%) 1(0.5%) 0(0.0%)
1(0.3%) 1(0.5%) 0(0.0%)

Additional transpedicular fixation 1 (0.3%) 0 (0%) 1 (1.5%)
Reoperation between the 40-365th 13 11 2 (3.0%)
days (4.8%) (5.5%)

Fusion extension 6(2.2%) 4(1.9%) 2(3.0%)
3(1.1%) 3(1.5%) 0(1.5%)

2(0.7%) 2(0.9%) 0 (0%)

Decompression
Restabilization/refusion
Implant revision
Malposition 1(0.3%) 1(0.5%) 0(0.0%)
Loosening 1(0.3%) 1(0.5%) 0 (0.0%)
No significant difference between TLIF and OLIF cohort

stabilized with an anterior plate had to get an additional
transpedicular fixation.

In longer term (between the postoperative 40th day and
1 st year), the cumulative reoperation incidence remained
comparable (p=0.548). 11 further reoperations (5.5% of
201) occurred in TLIF group and 2 reoperations (3% of 67)
in OLIF patients. The most common indication was exten-
sion of the fusion to adjacent levels due to adjacent segment
degeneration (4 TLIF patients (2.0%) and 2 OLIF patients
(3.0%)). Decompression at the index or adjacent level was
done in 3 TLIF (1.5%). 2 TLIF patients (1.0%) underwent
restabilization/refusion procedure and 2 other TLIF patients
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required a revision of the implants. Overall reoperation rate
within one year was similar in case of the two fusion tech-
niques (9.4% in TLIF and 7.4% in OLIF subgroups, Chi-
square=0.244, p=0.621).

Radiographic fusion outcome

Both TLIF and OLIF achieved high overall fusion rates on
CT scans by 1 year, but the location of solid bony fusion
(inside vs. around the cage) differed markedly between the
fusion techniques (Table 6). Solid intervertebral fusion was
confirmed in 90.9% of TLIF and 91.5% of OLIF patients.
Complete fusion inside the cage was observed in 83.0% of
OLIF cases but only 47.3% of TLIF cases. In contrast, TLIF
patients more frequently developed solid fusion around
the cage in the intervertebral space (72.7% of TLIF cases
compared to 34.0% of OLIF cases. The incidence of fusion
at the posterior elements was high in both groups and did
not differ significantly (71.8% of TLIF and 82.9% of OLIF
patients).

Interbody fusion at 1-year follow-up was achieved in
vast majority of the cases based on the X-ray measurements
(Table 7) (92.5% in the TLIF group and 87.0% in the OLIF
group). However, when fusion status was stratified by grade
on X-rays, the distribution differed significantly. Grade 1
fusion at 1-year follow-up was more frequent after TLIF
(86.7%) than OLIF (62.9%) (p<0.001), whereas Grade 2
fusion occurred more often after OLIF (24.1%) than TLIF
(5.8%) (p<0.001). The proportion of non-union (Grade 3)
was numerically higher in the OLIF cohort (13.0%) than
in the TLIF cohort (6.7%), but this difference did not reach
statistical significance (p=0.1710).
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Table 6 Fusion Outcome on 1-year-postoperative CT (N=157)

TLIF OLIF Chi-square p-value
(n=110) (n=47)
Solid fusion* 100 (90.9%) 43 0.014 0.906
(91.5%)
fusion in the cage ** 52 (47.3%) 39 17.23 <0.001
(83.0%)
fusion around the 80(72.7%) 16 20.74 <0.001
cage ** (34.0%)
posterior column 79 (71.8%) 39 2.19 0.138
fusion ** (82.9%)

*Bridwell I in any of the regions ** Bridwell I or IT

Table 7 Interbody fusion Outcome on 1-year postoperative X-ray
(N=174)

TLIF OLIF Chi-square p-value
(n=120) (n=54)

Achieved fusion 111 47 (87%) 1.33 0.2486
(92.5%)

Grade 1 104 34 (62.9%) 12.75 <0.001
(86.7%)

Grade 2 7(5.8%) 13(24.1%) 12.18 <0.001

Non-union (Grade 8 (6,7%) 7 (13.0%) 1.87 0.1710

3)

Discussion

The safety and biological effectiveness of TLIF and OLIF
were not significantly different in this retrospective cohort
study. No significant differences were found in compli-
cation, adverse events, reoperation, and one-year radio-
graphic fusion rate. AEs rate was not significantly higher
in the comorbid patient group suggesting that both fusion
approaches are similarly safe in frail patients too. OLIF was
associated with significantly lower intraoperative blood
loss, significantly smaller perioperative decline of serum
Hgb level and shorter hospital stay, TLIF was performed
with significantly shorter operative time. These results align
with prior studies showing OLIF’s perioperative advan-
tages—Iless blood loss and shorter hospitalization—due to
its minimally invasive, indirect decompression approach [9,
17-19]. However, these advantages do not appear to trans-
late into superior overall outcomes, complication rates, or
fusion success [7, 9]. In our cohort, OLIF patients stayed
approximately one day less in the hospital than TLIF
patients. LOS is a multifactorial parameter which is impor-
tant and relevant both medically and financially. Analyz-
ing the predictors for longer hospital stay, we revealed that
LOS was not influenced by the surgical technique, but the
patients’ general health status (CCI/ASA score), the occur-
rence of any AE and the intraoperative blood loss. Thus,
OLIF’s reduced blood loss may partly explain its shorter
LOS.

AEs had a significant influence on LOS in our general
lumbar fusion patient population but again, risk for any AE

was not related to the type of surgical procedure in the mul-
tivariate models. Risk for any AE was associated with the
age of the patient, the body shape, and the intraoperative
blood loss. This multivariate model showed good clinical
discriminatory power characterized by an AUC of 0.735.
Based on the detailed analysis of general, common surgical
and procedure specific AEs, we can conclude that both sur-
gical techniques are safe, characterized by very low percent-
age of serious complications (0% of SAVES 4-6). The same
similarly low complications profile was observed in patients
characterized by high comorbidity [20-23].

Several meta-analyses have reported equivalent or longer
operative times for TLIF compared to OLIF [7, 9, 10, 23].
In contrast, the shorter operative times observed for TLIF in
our study may reflect also to local circumstances, especially
the patient-repositioning-time and the use of intraoperative
navigation/visualization system. Despite these procedural
differences, both surgical approaches demonstrated equiva-
lent safety profiles and fusion efficacy.

Both TLIF and OLIF have excellent efficiency for achiev-
ing arthrodesis in degenerative lumbar conditions. The nota-
ble difference was in how the fusion was achieved, OLIF
patients more often had solid fusion through the interbody
cage, whereas TLIF patients more often had fusion bridg-
ing outside the cage in the interbody space. When consider-
ing posterior elements, facet joints, there was no significant
difference in success. This suggests that both surgical tech-
niques frequently achieved fusion as well between the pos-
terior column elements, such as the facet joints. The fusion
rates observed in our study (CT: 90.9% in TLIF and 91.5%
in OLIF, X-ray: 92.5% in TLIF, 87% in OLIF) are consistent
with the high rates reported in the literature for both tech-
niques [9, 24].

Importantly, our study included a cohort of medically
complex patients, a population that is often underrepre-
sented in spine surgery trials. The comparable complica-
tion rates in this subgroup suggest that both lumbar fusion
techniques could be safe and effective options for patients
with multiple comorbidities, expanding their applicability
in clinical practice [25]. The difference in the LOS between
TLIF and OLIF has been diminished in this comorbid sub-
group underlying that LOS after lumbar fusion can be more
related to the patient’s general status and comorbidities than
the surgical technique [26].

Clinical implications

Although anatomical access differences between TLIF
and OLIF could theoretically influence adverse events and
fusion patterns, our data did not support this assumption.
Given similar complication, reoperation, and fusion rates,
choice between OLIF and TLIF may depend on individual
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surgeon expertise and patient-specific anatomical factors.
OLIF may benefit patients suited for a minimally invasive
anterior approach or require realignment, whereas TLIF is
preferable when direct decompression or posterior access
is needed.

These findings support a personalized surgical approach,
confirming both techniques are safe and effective when
appropriately selected.

Strengths and limitations

Key strengths of this study include its relatively large
sample size and the one-year X-ray and CT-based fusion
assessment using defined criteria. Additionally, all surger-
ies were performed in a high-volume center, which likely
minimized variability in technique and perioperative care.
However, the retrospective study design inherently limits
control of confounders and bias. Despite balanced base-
line, unmeasured factors, such as surgeon preference and
anatomical case selection, cannot be excluded. Long-term
functional outcomes (pain relief, quality of life scores) were
not systematically collected and remain areas for future
investigation.

Conclusion

This study demonstrated that both TLIF and OLIF are safe
and effective fusion techniques for treating lumbar degener-
ative instability. Despite differences in surgical parameters,
such as reduced blood loss, less decline in Hgb level and
shorter hospital stay with OLIF, shorter operative time with
TLIF, no significant differences were observed in complica-
tion rates, reoperation frequency, or one-year radiographic
fusion success.

Results were consistent in patients with high comorbid-
ity (CCI>5), suggesting both techniques could be feasible
and safe even in medically complex populations. Given
comparable safety profiles and fusion outcomes, the choice
between OLIF and TLIF should depend on surgeon exper-
tise and the patient specific anatomical considerations to
optimize individual surgical care.
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