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Abstract
Purpose This study aims to compare midline lumbar interbody fusion (MIDLIF) and minimally invasive transforaminal 
lumbar interbody fusion (MIS-TLIF) for treatment of patients with severe stenosis and lumbar degenerative spondylolisthesis 
(DS), focusing on dural tears rates, other complications, clinical and radiological outcomes.
Methods This cohort study included patients with severe lumbar spinal stenosis (Shizas C or D) and lumbar DS who under-
went MIDLIF or MIS-TLIF. Propensity score matching was done and the groups were compared regarding surgery time, 
length of stay, perioperative complications, clinical results and radiological outcomes, at 1 year of follow-up.
Results The study included initially 80 patients, and 72 patients after matching, 36 in each group. Six patients had dural 
tears, four in the MIDLIF group and two in the MIS-TLIF group (p = 0.67). General complication rates and reoperations 
were not significantly different between the groups. Good or excellent clinical was achieved in 75% of the MIDLIF patients 
and 72% of the MIS-TLIF patients (p = 0.91). Radiological parameters showed small but statistically significant (p < 0.01) 
improvements after surgery, particularly in segmental lordosis and lumbar lordosis (2.0° and 1.7°), while pelvic tilt and 
global tilt decreased (1.6° and 2.6°). These findings were similar for both groups.
Conclusion Our study confirms that MIDLIF is a safe and reliable minimally invasive alternative for lumbar interbody 
fusion in DS, even in patients with severe stenosis and previous spine surgery. It seems to offer similar results to MIS-TLIF 
regarding clinical results, radiological outcomes and complications.
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Introduction

Lumbar degenerative spondylolisthesis (DS) develops due to 
age-related changes in intervertebral disks and facet joints, 
resulting in stenosis of the vertebral canal and anterior trans-
lation of one vertebra relative to the subjacent one. This 
condition can significantly affect patients, causing claudica-
tion, pain and disability. Surgery, either decompression or 
fusion, is indicated in most severe cases or when conserva-
tive treatment fails. Although there are no clear guidelines, 
fusion is usually preferred for patients with instability and 
severe back pain [1].

Transforaminal lumbar interbody fusion (TLIF) is com-
monly used as fusion technique to treat DS [2]. It allows for 
direct decompression of the spinal canal and nerve roots, 
without the need of neural retraction for discectomy and 
cage insertion. Minimally invasive surgery (MIS), particu-
larly MIS-TLIF, offers several benefits, such as minimal soft 
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tissue damage, reduced blood loss, lower infection rates and 
fewer complications, shorter hospitalization, reduced use 
of opioid medication and faster recoveries [3–5]. However, 
MIS-TLIF is a complex technique that requires consider-
able experience to be performed safely and successfully [6]. 
Use of tubular retractors can be challenging as a result of 
a narrow visual field and reduced workability, which can 
potentially result in insufficient decompression and more 
dural tears [7].

In recent years, a new minimally invasive approach was 
developed, the midline lumbar interbody fusion (MIDLIF). 
This procedure uses a small midline incision, microsurgi-
cal decompression, interbody fusion and segmental fixation 
using cortical bone trajectory (CBT) screws. The medial-to-
lateral screw trajectory leads to less retraction of the paraspi-
nal muscles [8], allowing smaller skin incisions comparing 
to open fusion techniques. Satisfactory outcomes similar to 
other fusion procedures have been observed with this tech-
nique [9, 10], even during the learning curve of the surgeon, 
most likely due to the straightforward adaptation from open 
procedures [11, 12]. MIDLIF offers theoretical benefits over 
MIS-TLIF, including a more direct approach through the 
midline for severe spinal canal stenosis and a good access for 
laminotomy and bilateral facetectomies, potentially leading 
to fewer dural tears and wider decompressions.

While comparisons have been made between open lum-
bar interbody fusions and those with cortical bone trajecto-
ries [13], there is a lack of literature regarding comparisons 
between minimally invasive techniques. The objective of 
this study is to compare MIDLIF and MIS-TLIF for treat-
ing patients with severe stenosis and DS, with a focus on 
dural tears rates, as well as other complications, clinical and 
radiological outcomes.

Methods

Study design

This retrospective cohort study of prospectively collected 
data included patients with severe lumbar spinal stenosis 
and DS who underwent MIDLIF or MIS-TLIF in the spine 
unit of the neurosurgical department of a Portuguese uni-
versity hospital. The study protocol was approved by hospi-
tal’s ethics committee (No. 329/22) and the Strengthening 
the Reporting of Observational studies in Epidemiology 
(STROBE) guidelines were followed for writing.

Inclusion criteria were patients with a diagnosis of 
symptomatic DS (slip more than 3 mm, with severe lum-
bar spinal stenosis (grade C or D on Schizas classification) 
[14], that were submitted to single-level minimally invasive 
lumbar interbody fusion with MIDLIF or MIS-TLIF. Exclu-
sion criteria were previous spine fusion, deformity as main 

indication for surgery, more than 1 level of fusion, isthmic 
and other non-degenerative etiologies for the spondylolis-
thesis, such as trauma, infection or tumor.

The primary endpoint was the rate of dural tears, in 
order to study the effect of a more straightforward decom-
pression with MIDLIF. Secondary endpoints were clinical 
outcome according to Odom’s criteria and lumbar lordosis 
improvement.

The operative procedures are standardized in our center 
and they have been previously described in the methods of 
our previous research [12, 15].

Clinical data

The following clinical parameters were collected from the 
medical records: age, sex, body mass index (BMI), smoker 
status, American Society of Anaesthesiologists’ classifica-
tion of Physical Health (ASA grade), previous surgery at 
the same level, level of surgery, severity of the spinal ste-
nosis according to Schizas grade, approach, surgery dura-
tion, complications, length of stay (LOS), reoperation and 
outcome defined by the Odom’s criteria at 1 year follow-up.

Radiological parameters

To evaluate the preoperative and postoperative sagittal align-
ment, the following parameters were used: pelvic incidence 
(PI), pelvic tilt (PT), sacral slope (SS), global tilt (GT), 
L1–S1 lordosis (LL), L4–S1 lordosis and the segmental 
lordosis of the operated segment [16, 17].

For each patient, the global alignment and proportion 
score (GAP) [16] was calculated at preoperative and post-
operative periods, taking into account their age and the rela-
tive differences between the real and ideal values for pelvic 
retroversion, lumbar lordosis, lumbar lordosis distribution 
and global tilt. The GAP score ranges from 0 to 13 and clas-
sifies the sagittal profile as proportioned (0–2), moderately 
disproportioned (3–6) and severely disproportioned (≥ 7).

These parameters were measured on a lateral full-
length standing spine radiograph preoperatively and at 
one year after surgery. They were taken independently by 
two researchers, for data analysis the mean of each pair of 
measurements was considered. Fusion status was evaluated 
in lumbar CT scan one year after surgery and classified as 
fusion, dubious or no fusion.

Statistical analysis and matching

R software (R Foundation for Statistical Computing, Vienna, 
Austria) version 4.2.1 was used for analysis. For agreement, 
intraclass correlation coefficients (ICCs) estimates were cal-
culated based on mean rating, absolute agreement, 2-way 
random effects model. Variation values were obtained with 
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subtraction of the preoperative measurements from the post-
operative ones.

The matching was based on 1:1 nearest neighbor match-
ing without replacement, with a caliper. Propensity score 
was used as distance and estimated with logistic regression, 
targeting the average treatment effect. The following covari-
ates were used for matching: age, sex, smoker status, BMI 
(split at 30), previous surgery at the same level, stenosis 
grade, severe disproportion according to GAP score. Covari-
ates assessment was based on standardized mean difference 
(SMD). SMD < 0.1 was considered an adequate balance for 
a variable between the groups, while values of SMD > 0.2 
were considered as serious imbalance. Before matching, 
multiple missing imputation was performed with additive 
regression, bootstrapping and predictive mean matching.

After matching, continuous variables were analyzed with 
Wilcoxon signed-rank test for paired data and Kruskal–Wal-
lis were used for median comparison between independent 
samples. Fisher’s test was used for associations between 
categorical variables. A p value < 0.05 was defined as sta-
tistically significant. General linear model was performed 
for adjustment for other variables. Decisions about the 
independent variables to include in the models were done 

by univariable selection with linear regression, based in a 
threshold of 0.1 for p value.

Results

The study included 80 patients diagnosed with DS and Schi-
zas grade C (54%) or D (46%) spinal stenosis, with a median 
age of 66.5 years and 55 (69%) females. All patients under-
went minimally invasive single-level fusion, 38 patients 
through MIS-TLIF and 42 MIDLIF. Table 1 presents the 
baseline characteristics of all patients and each group. The 
MIDLIF group had a higher proportion of patients with a 
history of previous surgery at the same level, smokers, grade 
D stenosis and GAP-proportioned, compared to the MIS-
TLIF group.

We conducted propensity score matching based on age, 
sex, smoker status, obesity, previous surgery, Schizas grade 
and GAP score severe disproportion. The resulting matched 
sample included 72 patients, 36 in each group, which rep-
resented 90% of the original sample. As demonstrated in 
Fig. 1, we obtained a good covariate balance after matching, 

Table 1  Patient characteristics MIS-TLIF (N = 38) MIDLIF (N = 42) Total (N = 80)

Age at surgery
Median (Q1, Q3) 64.0 (60.0, 70.0) 68.0 (62.2, 71.0) 66.5 (60.8, 71.0)
Sex
Female 28 (74%) 27 (64%) 55 (69%)
Male 10 (26%) 15 (36%) 25 (31%)
BMI
Median (Q1, Q3) 28.4 (26.0, 31.5) 28.5 (26.4, 32.4) 28.5 (26.0, 32.3)
Smoker
No 37 (97%) 35 (83%) 72 (90%)
Yes 1 (3%) 7 (17%) 8 (10%)
ASA
Median (Q1, Q3) 2.0 (2.0, 2.0) 2.0 (2.0, 2.0) 2.0 (2.0, 2.0)
Shizas grade
C 23 (61%) 20 (48%) 43 (54%)
D 15 (39%) 22 (52%) 37 (46%)
Previous surgery
No 37 (97%) 35 (83%) 72 (90%)
Yes 1 (3%) 7 (17%) 8 (10%)
Fusion level
L3–L4 7 (18%) 6 (14%) 13 (16%)
L4–L5 27 (71%) 36 (86%) 63 (79%)
L5–S1 4 (11%) 0 (0%) 4 (5%)
GAP score classification
Proportioned 7 (27%) 18 (47%) 25 (39%)
Moderately disproportioned 13 (50%) 13 (34%) 26 (41%)
Severely disproportioned 6 (23%) 7 (18%) 13 (20%)
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as evidenced by SMD values below 0.1 for the selected 
variables.

Table 2 presents several outcome measures of all patients 
and each group, after matching. In the matched sample, 6 
patients had dural tears, 4 in the MIDLIF group and 2 in the 
MIS-TLIF group, the rate of dural tears was not significantly 
different between the groups (Fisher’s exact test, p = 0.67). 
General complication rates and reoperations were not sig-
nificantly different between the groups. Besides dural tears, 
four additional complications included one case of screw 
malposition and one case of postoperative radiculitis in each 
group. In the MIS-TLIF group, three patients were reoper-
ated, one for screw repositioning and two due to adjacent 
segment disease. Also, in the MIDLIF group three patients 
were reoperated because of non-union, infection and adja-
cent segment disease. None of the patients required blood 
transfusion during the perioperative period.

Regarding clinical outcome, the groups did not differ 
significantly, as 75% of patients in the MIDLIF group and 
72% in the MIS-TLIF group achieved a good or excellent 
outcome (Fisher’s exact test, p = 0.91). In univariate analy-
sis, we did not find any significant association between the 
clinical outcome classified by Odom’s criteria and baseline 
characteristics, surgical data or radiological parameters. 
The fusion status after surgery was also similar between the 
groups.

Compared to the MIS-TLIF group, the duration of sur-
gery was longer in the MIDLIF group, median of 237 min 

versus 150  min. The MIS-TLIF group had a longer 
median length of hospitalization (6 days) compared to 
the MIDLIF group (3.5 days). However, the patients in 
the MIS-TLIF group underwent surgery longer ago, they 
had a median follow-up of 8 years compared to 3 years for 
the MIDLIF group. Although the association with length 
of stay (LOS) was verified in univariate analysis, a mul-
tiple regression analysis found that follow-up time (inter-
cept: 0.27, p = 0.14) and surgical group (intercept: − 0.79, 
p = 0.55) were not significant independent predictors of 
LOS. These results suggest that differences in clinical 
practices over the years may have influenced hospital 
discharge decisions and played a role in these findings.

A summary of radiological measurements before and 
after surgery are presented in Table 3. For those meas-
urements, excellent reliability was achieved in inter-rater 
agreement analysis with ICC, ranging from 0.92 to 0.98. In 
the overall analysis of the sample, the radiological param-
eters showed statistically significant but small improve-
ments after surgery, particularly in segmental lordosis and 
LL, which increased by approximately 2° (medians of 2.0 
and 1.7), while PT decreased by 1.6° and GT decreased by 
2.6°. The median GAP score did not change after single-
level lumbar fusion. In the analysis by groups, the differ-
ences between preoperative and postoperative radiologi-
cal parameters were similar for all measurements for both 
MIS-TLIF and MIDLIF groups (Table 4).

Fig. 1  Love plot for covariates 
balance assessing
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Discussion

Our study provides a comparison between MIS-TLIF and 
MIDLIF for patients with DS and severe lumbar spinal 
stenosis. Both techniques resulted in good to excellent 
symptom improvement in most patients, as well as small 

but statistically significant improvements in LL and seg-
mental lordosis. For patients with severe stenosis, dural 
tear rates were low and similar for both groups, as well for 
other complications.

Previous research identified MIDLIF as a safe and reli-
able surgical technique for degenerative lumbar disease, with 
low complication rate and sustained symptom relief and 

Table 2  Outcomes after matching

1 Fisher’s exact test for count data
2 Kruskal–Wallis rank sum test

MIS-TLIF (N = 36) MIDLIF (N = 36) Total (N = 72) p value

Dural tear 0.671

No 34 (94%) 32 (89%) 66 (92%)
Yes 2 (6%) 4 (11%) 6 (8%)
Complications (including dural tears) 0.731

No 32 (89%) 30 (83%) 62 (86%)
Yes 4 (11%) 6 (17%) 10 (14%)
Reoperation 1.001

No 33 (92%) 33 (92%) 66 (92%)
Yes 3 (8%) 3 (8%) 6 (8%)
Surgery duration (min) < 0.012

Median (Q1, Q3) 150.0 (120.0, 195.0) 237.0 (210.0, 300.0) 197.5 (150.0, 262.0)
Length of hospitalization 0.022

Median (Q1, Q3) 6.0 (3.0, 7.0) 3.5 (3.0, 6.0) 4.0 (3.0, 7.0)
Fusion status 0.261

No fusion 0 (0%) 3 (8%) 3 (4%)
Dubious 8 (22%) 9 (25%) 17 (24%)
Fusion 28 (78%) 24 (67%) 52 (72%)
Outcome according to Odom criteria 0.911

Poor 0 (0%) 1 (3%) 1 (1%)
Fair 10 (28%) 8 (22%) 18 (25%)
Good 16 (44%) 16 (44%) 32 (44%)
Excellent 10 (28%) 11 (31%) 21 (29%)

Table 3  Paired radiological 
features

1 Wilcoxon signed-rank test with continuity correction

Preoperative (N = 72) Postoperative (N = 72) Difference (N = 72) p value

Lumbar lordosis 0.021

Median (Q1, Q3) 54.0 (48.6, 64.3) 56.4 (48.3, 66.4) 1.5 (− 2.4, 6.9)
Segmental lordosis < 0.011

Median (Q1, Q3) 16.9 (8.5, 20.4) 17.9 (13.1, 22.3) 2.0 (− 1.9, 5.8)
L4–S1 lordosis 0.741

Median (Q1, Q3) 28.3 (22.4, 35.3) 28.6 (23.8, 34.1) − 0.9 (− 4.6, 5.4)
Pelvic tilt 0.011

Median (Q1, Q3) 19.2 (13.0, 23.8) 17.0 (10.2, 22.5) − 1.5 (− 5.0, 1.5)
Global tilt < 0.011

Median (Q1, Q3) 20.4 (13.7, 26.9) 18.9 (11.7, 25.5) − 2.4 (− 5.6, 0.9)
GAP score 0.401

Median (Q1, Q3) 3.0 (1.4, 5.6) 3.0 (1.5, 5.0) − 0.5 (− 2.0, 1.1)
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disability at long-term [9, 10]. Also, MIDLIF is a suitable 
procedure for surgeons with limited experience in minimally 
invasive procedures, presumably due to its easy adaptation 
from open surgeries [11, 12]. In comparison with open TLIF, 
MIDLIF has also shown favorable results. Recent studies 
have consistently indicated that MIDLIF allows to achieve 
similar clinical and radiological outcomes with shorter sur-
gery times, less blood loss and reduced soft tissue damage, 
becoming a reasonable alternative for patients with degen-
erative lumbar disease [18–20]. However, there is scarce 
evidence comparing MIDLIF with other minimally invasive 
approaches [13].

One of the theoretical advantages of MIDLIF is its 
reduced complication rate, given the simpler approach [11, 
12]. Our study found no significant differences between the 
number of complications between both groups, including 
the number of dural tears. Similar results were reported by 
Maruo et al. [21] and Wu et al. [22]. In both studies, dural 
tear and other complications in the MIDLIF group did not 
significantly differ from the MIS-TLIF group, even though 
patients who underwent MIDLIF had more comorbidities 
and previous spine surgery. The MIDLIF group in the pre-
sent study included more reoperated patients, which has 
been identified as a risk factor for accidental dural tears in 
minimally invasive surgeries, along with lumbar spinal ste-
nosis [23, 24]. In contrast to other studies, we addressed this 
imbalance by using matching in our analysis, resulting in a 
balanced distribution of covariates, such as previous surgery 
at the same level.

No significant differences have been reported in dis-
ability and lumbar and leg pain improvement between 
MIDLIF and other lumbar fusion techniques. Wu et al. 
described better results in leg pain at 6 months postop-
eratively with MIS-TLIF compared to MIDLIF, but this 
difference disappears at 1 year of follow-up. For back 
pain, the article reports superior outcomes in the MIDLIF 

group [22]. A meta-analysis by Hu et al. that reviewed 
findings from 12 studies comparing MIDLIF and other 
posterior lumbar fusion surgeries found no difference in 
clinical outcomes, whether on back or leg pain [24]. We 
obtained similar results, with both groups presenting good 
to excellent symptom improvement in more than 70% of 
the patients.

Our study included a homogeneous diagnostic group—
those with DS and severe stenosis. This comparison is 
important for this specific group because the choice between 
MIDLIF and MIS-TLIF becomes an interesting dilemma. 
Since the complication rate and outcomes are similar, the 
question remains whether there is a place for MIDLIF in this 
type of patients. In our opinion, this technique remains valid, 
firstly for surgeons who do not have experience with MIS-
TLIF and see it as an optimal transition technique from open 
surgery to MIS. Secondly, it has the advantage of allowing a 
direct decompression of both foramina and a broader decom-
pression of the central canal and lateral recesses, which can 
be regarded as useful in cases of bilateral foraminal stenosis 
or central stenosis caused by facet hypertrophy.

Lumbar spinal alignment can affect the development of 
lumbar pain and degenerative disease, and the long-term 
outcomes of lumbar fusion [25]. Elmekaty et  al. found 
that MIDLIF patients had an increase of the lumbar lordo-
sis and segmental disk angles after surgery in comparison 
with MIS-PLIF and MIS-TLIF patients [26]. Another study 
describes an increase in LL and decrease in PT in MIDLIF 
patients as well as in MIS-TLIF patients, with overall sagittal 
alignment not differing between groups [27]. These results 
are consistent with our findings that show small but signifi-
cant increases in LL and segmental lordosis and decreases in 
PT and GT, but no difference between techniques. However, 
the likelihood of these changes being clinically significant 
is low. For interbody fusion, both techniques achieved good 
fusion rates, with no significant differences found.

Table 4  Radiological 
differences with surgery by 
group

1 Kruskal–Wallis rank sum test

MIS-TLIF (N = 36) MIDLIF (N = 36) p value

Difference—LL 0.671

Median (Q1, Q3) 1.1 (− 3.1, 5.6) 1.8 (− 1.9, 7.3)
Difference—segmental lordosis 0.381

Median (Q1, Q3) 1.8 (− 2.2, 5.4) 2.4 (− 0.3, 6.4)
Difference—L4–S1 lordosis 0.551

Median (Q1, Q3) − 2.3 (− 5.7, 5.9) 1.1 (− 3.5, 4.6)
Difference—PT 0.401

Median (Q1, Q3) − 1.0 (− 8.1, 1.5) − 1.5 (− 2.9, 1.4)
Difference—GT 0.641

Median (Q1, Q3) − 1.5 (− 6.7, 3.1) − 2.9 (− 5.0, − 0.1)
Difference—GAP 0.261

Median (Q1, Q3) − 0.5 (− 2.2, 1.5) 0.0 (− 1.0, 1.0)
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Operation time in MIDLIF has been inconsistently 
reported. Some authors describe shorter operation times 
compared to other minimally invasive surgeries [22, 26] 
while others did not find differences [21, 24, 27]. Our 
study reveals longer operation times for MIDLIF com-
pared to MIS-TLIF, and to the reported times in other stud-
ies. This could be due to the complexity of the surgeries 
contained in our study that includes patients with severe 
stenosis and previous spine surgeries, which are known to 
affect operation time.

This is a retrospective study analyzing existing records 
with essential exclusion criteria to reflect clinical prac-
tice. Surgery indication was similar for both groups and 
procedure selection were based on the standard of care 
at the time of intervention and surgeon preference. Pro-
pensity score matching was used to address possible bias, 
but observational studies are still prone to unidentifiable 
bias. The sample size, though larger than previous studies, 
is relatively small and limits the strength of conclusions.

Conclusion

MIDLIF is a safe and reliable alternative for lumbar inter-
body fusion in DS, even in patients with severe stenosis 
and previous spine surgery. Results show no significant 
differences between MIDLIF and MIS-TLIF, both in clini-
cal and radiological outcomes at 1 year after surgery.
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