Anetal. Journal of Orthopaedic
Journal of Orthopaedic Surgery and Research (2024) 19:317

https:/doi.org/10.1186/s13018-024-04806-9 Surgery and Research

.. C . ®
Clinical efficacy and complications s

of MIS-TLIF and TLIF in the treatment of upper
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Abstract

Background The optimal treatment modality for upper lumbar disc herniation remains unclear. Herein, we com-
pared the clinical efficacy and application value of minimally invasive transforaminal lumbar interbody fusion (MIS-
TLIF) and transforaminal lumbar interbody fusion (TLIF) for upper lumbar disc herniation. We aimed to provide new
evidence to guide surgical decisions for treating this condition.

Methods We retrospectively analyzed the clinical data of 81 patients with upper lumbar disc herniation admitted
between January 2017 and July 2018, including 41 and 40 patients who underwent MIS-TLIF and TLIF, respectively.
Demographic characteristics, preoperative functional scores, perioperative indicators, and postoperative complica-
tions were compared. We performed consecutive comparisons of visual analog scale (VAS) scores of the lumbar

and leg regions, Oswestry disability index (ODI), Japanese Orthopaedic Association scores (JOA), and MacNab scores
at the final follow-up, to assess clinical outcomes 5 years postoperatively.

Results VAS scores of the back and legs were significantly lower in the MIS-TLIF than the TLIF group at 3 months

and 1 year postoperatively (P<0.05). Intraoperative bleeding and postoperative hospitalization time were significantly
lower, and the time to return to work/normal life was shorter in the MIS-TLIF than in the TLIF group (P < 0.05). The dif-
ferences in JOA scores and ODI scores between the two groups at 3 months, 1 year, and 3 years postoperatively were
statistically significant (P<0.05).

Conclusion The early clinical efficacy of MIS-TLIF was superior to that of TLIF, but no differences were found in mid-
term clinical efficacy. Further, MIS-TLIF has the advantages of fewer medical injuries, shorter hospitalization times,
and faster postoperative functional recovery.

Keywords Intervertebral degenerative disease, Upper lumbar disc herniation, Minimally invasive transforaminal
lumbar interbody fusion, Transforaminal lumbar interbody fusion
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Background

Upper lumbar discs include the L1-2, L2-3, and L3-4
disc segments. Compared with the lower lumbar ver-
tebrae, the incidence of upper lumbar disc herniation
(ULDH) is significantly lower, accounting for approxi-
mately 1-3.8% of all patients with lumbar disc hernia-
tion [1]. The anatomical characteristics of the vertebral
bodies and appendages of the upper lumbar vertebrae
differ significantly from those of the lower lumbar verte-
brae. The vertebral bodies and intervertebral discs of the
upper lumbar vertebrae are smaller, and their spinal canal
is mostly subtriangular or ovoid, with a shallow lateral
recess, resulting in a smaller spinal canal than the lower
lumbar vertebral canal [2]. In addition, the epidural space
is smaller and has less epidural fat, while the surround-
ing anatomical environment lacks sufficient cushion-
ing space, and there are relatively more nerves traveling
in the dural sac. As such, a herniated disc in the upper
lumbar spine will more likely compress more nerve tis-
sues and complicate symptomatic manifestations [3].
Moreover, it has been shown that the development of
ULDH is often accompanied by multifidus muscle degen-
eration [4]. Therefore, investigating means to decrease
the likelihood of lumbar muscle injury in the treatment
of ULDH should be prioritized. With the development
and advancement of surgical techniques, the applications
of minimally invasive transforaminal lumbar interbody
fusion (MIS-TLIF) have expanded. Several clinical stud-
ies have confirmed that MIS-TLIF achieves comparable
results to traditional intervertebral decompression and
fusion in terms of postoperative clinical efficacy but has
the advantages of less bleeding and less soft tissue dam-
age [5, 6]. However, there are limited reports of studies
related to MIS-TLIF for the treatment of ULDH. More-
over, no study has yet reported on the efficacy of MIS-
TLIF versus the conventional TLIF approach for treating
ULDH. Therefore, we retrospectively compared the post-
operative clinical efficacy, complications, and patient sat-
isfaction achieved by MIS-TLIF and conventional TLIF.
We also summarized the specific advantages of MIS-
TLIF in treating ULDH. The aim of this study was to pro-
vide new ideas for the treatment of ULDH.

Methods
Patients
This study comprised a retrospective analysis of 81
patients treated for lumbar disc herniation from Janu-
ary 2017 to July 2018. All patients were categorized into
the MIS-TLIF and TLIF groups according to the surgi-
cal approach, with 41 and 40 patients in each group,
respectively.

The inclusion criteria were: (1) computed tomogra-
phy and magnetic resonance imaging showing central,
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paracentral, or prolapse of a single segment of the upper
lumbar spine; (2) radicular calf pain consistent with
imaging findings and failure of more than 3 months of
extensive conservative treatment, including medications,
physical therapy, and other treatments; (3) patients with-
out segmental instability in plain images; (4) patients
willing to undergo lumbar fusion internal fixation surgery
and cooperate with regular follow-up visits. The exclu-
sion criteria were: (1) history of lumbar spine surgery; (2)
patients aged <25 or >80 years; (3) patients with a diag-
nosis of multi-segmental spinal disease; (4) preoperative
comorbidities such as fresh fractures, infections, tumors,
severe osteoporosis, rheumatoid arthritis, or other neu-
rological diseases.

Surgical techniques

For the MIS-TLIF approach, the patient was placed in
the prone position under general anesthesia. On the
non-symptomatic side of the posterior midline, a 3-cm
paracentesis was made, and two 9-gauge long needles
were positioned, using fluoroscopy to adjust the needle
tip position. Along the line between the two needles, the
skin, subcutaneous tissue, and deep fascia were sequen-
tially incised, and the muscle space was bluntly separated
to reach the facet joint. The disposable working tube was
placed and propped open after step-by-step dilatation; a
light source was placed and the soft tissues around the
facet joint were eliminated. Afterward, the nail paths
were prepared at the upper and lower pedicles by apply-
ing the transverse process localization method. When the
nail paths were correctly positioned under fluoroscopy,
the pedicle screw was inserted. The pre-curved titanium
rods were inserted in turn, appropriately propped up,
and lifted to reset the position, and the locking nut was
tightened. On the symptomatic side, the same method
was used as on the contralateral side to place the tube,
prepare the nail paths, and seal them with bone wax.
Subsequently, the superior articular process, a portion of
the lamina, the inferior articular process, and the hyper-
plastic ligamentum flavum were removed. After implant-
ing the PEEK material cage filled with autogenous bone
particles into the intervertebral space, the pedicle screws
were screwed into the pre-determined nail channels, and
titanium rods were installed for pressure fixation. The
position of the rods and the cage were determined to be
satisfactory under C-arm fluoroscopy. No drainage was
placed, and the incision was closed one layer at a time
after rinsing to complete the surgery (Fig. 1).

For the conventional TLIF operation, we performed a
longitudinal incision in the posterior midline, peeled off
the paraspinal muscles, inserted pedicle screws, resected
the vertebral lamina, and performed facetectomy on
the symptomatic side. After the nucleus pulposus
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Fig. 1 Patient, female, 26 years old, upper lumbar disc herniation undergoing MIS-TLIF surgery (L1-L2). a Patient’s preoperative sagittal MRI. b
Patient’s preoperative horizontal MRI. ¢ Intraoperative positioning of the long needle puncture. d Placement of disposable working tube. e the light
source was placed and the soft tissues around the facet joint were eliminated. f Surgical view in the working tube. g On the symptomatic side,

the same method was used as on the contralateral side to place the tube, prepare the nail paths, and seal it with bone wax. h, i It was satisfactory
to determine the position of the rod and cage on postoperative fluoroscopy

was removed and the vertebral endplate cartilage was
scraped, the PEEK material cage filled with autologous
bone particles was implanted into the intervertebral
space and titanium rods were installed. Finally, a drain
was placed to complete the operation. All surgeries were
performed by the same senior surgeon. Antibiotics, dehy-
drating agents, and neurotrophic drugs were adminis-
tered postoperatively to the patients in both groups. The
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brace was worn on the third day after surgery to assist
with mobility for 3 months.

Clinical assessments and follow-up

The clinical indicators of patients in both groups were
recorded and analyzed, including operation time, intra-
operative blood loss, postoperative complications,
and postoperative hospitalization time. The patients
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were followed up by telephone or clinical follow-up
at 3 months and 1, 3, and 5 years after discharge. The
Oswestry disability index (ODI) score, Visual analog
scale (VAS) score, and Japanese Orthopaedic Association
scores (JOA) of lumbar pain and sciatica were recorded
at each follow-up. Postoperative clinical outcomes were
evaluated based on the modified MacNab scores.

Statistical analysis

All experimental data were statistically analyzed using
IBM SPSS software (version 26.0, IBM Corp., Armonk,
NY, USA). Normally distributed measures were
expressed as mean * standard deviation (SD), and skewed
measures were expressed as median + interquartile range
(IQR). Comparisons between groups of measures that
were normally distributed with homoscedasticity were
made using independent samples t-test. Comparisons
between groups of measures that were skewed or hetero-
scedastic were made using the Mann—Whitney rank-sum
test. The x*> and Mann—Whitney rank-sum tests were
used to compare unordered and ordered qualitative data,
respectively. Differences were considered statistically sig-
nificant at P<0.05.

Results

Demographic and clinical information

A total of 81 patients were included in this study. Of the
41 patients in the MIS-TLIF group, 20 were men, and
21 were women, with a mean age of 54.0+11.8 years, a
mean body mass index of 27.0+4.0 kg/m? and a mean
symptom duration of 6.00 (5.00,7.00) months. In total,
7.3%, 26.8%, and 65.9% of patients in the MIS-TLIF group
developed lumbar disc herniation in L1-12, L2-13, and
L3-14, respectively. The incidence of lumbar disc her-
niation in the TLIF group was 15%, 22.5%, and 62.5% at
L1-L2, L2-L3, and L3-L4, respectively. No significant
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differences existed between the MIS-TLIF and TLIF
groups in terms of age, sex, body mass index, symptom
duration, and operative segment. Detailed demographic
and clinical information of the two groups are presented
in Table 1.

Perioperative parameters and complications

All 81 patients underwent surgery to treat single-seg-
ment ULDH, and the follow-up time was>5 years, with
no significant difference between the groups (P=0.500).
The average operation time in the MIS-TLIF group was
160.00 (135.00, 187.00) min, and that in the PLIF group
was 152.00 (133.50, 177.25) min, with no significant dif-
ference between the two groups (P=0.511). Intraopera-
tive blood loss in the MIS-TLIF group was significantly
lower than that in the TLIF group (P<0.001), as was the
mean postoperative hospitalization time (P<0.001). Both
MIS-TLIF and TLIF groups had one case of postopera-
tive sensory disturbance each, and the symptoms were
relieved in both cases by nerve nutrition. In the TLIF
group, there were two cases of poor wound healing, in
which the wounds were considered infected; the patients
had good wound healing after two weeks of conservative
treatment, including anti-infection and daily dressing
change. There was no fracture or loosening of the endo-
prosthetic fixation, or displacement of the cage in either
group, and the difference in complication rates between
the two groups was not statistically significant (P=0.359,
Table 2).

Therapeutic effects

The lumbar VAS scores in the MIS-TLIF group were
significantly lower than those in the TLIF group at the
3-month, 1-year, and 3-year postoperative follow-ups
(P<0.05). Further, the lumbar VAS scores in the MIS-
TLIF group were slightly lower than those in the TLIF

Table 1 Demographic and clinical characteristics of patients in the two groups

MIS-TLIF group TLIF group t/z/x* value P value
(N=41) (N=40)
Age (years) 540+11.8 532+103 0326 0.746
Gender (female/male) 20/21 26/14 2171 0.141
BMI (kg/m?) 27040 260+44 1.058 0.293
Symptom duration (months) 6.00 (5.00,7.00) 6.50 (5.00,8.00) -1.176 0.240
Operative level 1.249 0.539
L1-L2 3 6
L2-13 il 9
L3-L4 27 25
Follow-up time (months) 65.6+3.1 65.1+27 -0675 0.500

Normally distributed data are expressed as mean +SD and non-normally distributed data are expressed as the median (interquartile range)

BMI Body mass index, MIS-TILF Minimally invasive lumbar interbody fixation and fusion, TILF Transforaminal approach lumbar interbody fusion
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Table 2 Operation parameters and complications experienced by patients in the two groups
MIS-TLIF group TLIF group z/x* value Pvalue
(N=41) (N=40)
Operation time (min) 160.00 (135.00,187.00) 152.50 (133.50,177.25) -0.657 0511
Estimated blood loss (mL) 100.00 (50.00,100.00) 100.00 (100.00,150.00)" —3.447 0.001"
Postoperative hospitalization stay 4.00 (3.00,5.00) 5.00 (4.00,6.00)" —3.902 0.000"
(days)
Complications 1 3 - 0.359
Dural tear 0 0
Postoperative dysesthesia 1 1
Poor wound healing 0 2
Hematoma 0 0
Infection 0 0

Values are expressed as the median (interquartile range). *P <0.05

MIS-TLIF Minimally invasive lumbar interbody fixation and fusion, TLIF Transforaminal approach lumbar interbody fusion

group at the 5-year postoperative follow-up, but this dif-
ference was not statistically significant (P>0.05). The leg
VAS scores in the MIS-TLIF group were lower than those
in the TLIF group at the 3-month postoperative and
1-year postoperative follow-ups and were significantly
different (P<0.05), and the leg VAS scores in the MIS-
TLIF group were lower than those in the TLIF group at
the 3-year postoperative and 5-year postoperative follow-
ups, although not significantly (P> 0.05). The ODI scores
in the MIS-TLIF group were lower than those in the TLIF
group at 3 months, 1 year, and 3 years postoperatively
(P<0.05). The ODI scores in the MIS-TLIF group were
lower than those in the TLIF group at 5 years postop-
eratively, although not statistically significant (P> 0.05).
The JOA scores in the MIS-TLIF group were higher
than those in the TLIF group at the 3-month, 1-year, and
3-year postoperative follow-ups (P<0.05). Although this
trend continued at 5 years postoperatively, it was not
statistically significant (?>0.05). The modified MacNab
scores in the MIS-TLIF group were excellent in 23 cases
(56.1%), good in 17 cases (41.5%), and fair in one case
(2.4%), while the results in the TLIF group were excel-
lent in 19 cases (47.5%), good in 14 cases (35%), fair in 6
cases (15%), and poor in one case (2.5%). The distribution
of the MacNab criterion assessment was not significantly
different between the two groups (P=0.146) (Table 3).

Discussion

The upper lumbar spine has a narrower spinal canal
than the lower lumbar spine [2]. When ULDH occurs,
the lumbar and cauda equina nerve roots are more
prone to compression. Owing to its anatomical struc-
ture, the small cushioning space of the spinal canal
often makes it difficult to treat the symptoms because
of compression severity [7]. Moreover, because the

nerve roots that travel through the upper lumbar
spine do not innervate any specific muscles, ULDH
can lead to nonspecific clinical symptoms and neuro-
logical manifestations, which may lead to misdiagno-
sis or underdiagnosis of ULDH [8]. Therefore, early
diagnosis and timely surgical treatment to relieve the
cauda equina and nerve root compression are key to
treating this disease. Owing to the unique characteris-
tics of the upper lumbar vertebrae, traditional lumbar
discectomy often results in suboptimal surgical out-
comes for ULDH. Furthermore, for patients with cen-
tral lumbar disc herniation or those with instability in
the affected segment, lumbar discectomy often fails
to remove the herniated disc completely and alleviate
symptoms [9]. Therefore, in such cases, lumbar spinal
fusion surgery may be a more suitable option. TLIF is a
well-established technique that can reduce the damage
caused by intraoperative nerve root pulling in treating
lumbar disc herniation and improve neurogenic symp-
toms. However, peeling off the muscle to the vertebral
plate layer by layer through the incision can destroy
the biomechanical structure of the paraspinal muscles
and affect the overall stability of the lumbar vertebrae
[10]. In contrast, MIS-TLIF involves the removal of the
articular synovial joint and part of the lamina through
a multifidus interspace approach, preserving the struc-
ture of the musculoligamentous complex, thereby
reducing the risk of injury to the paraspinal muscles
and nerves [11]. However, the MIS-TLIF technique
has been suggested to increase the risk of inadequate
nerve decompression because of the limited intraop-
erative field of view, leading to deficiencies in surgical
and long-term clinical outcomes [12]. Currently, there
is no definitive conclusion regarding the optimal surgi-
cal modality for treating ULDH. This study is the first
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Table 3 Therapeutic effects and modified MacNab criterion assessments of the two groups
MIS-TLIF group TLIF group z/x* value Pvalue
(N=41) (N=40)
VAS back pain
Preoperative 8.00 (7.00, 8.00) 7.50 (7.00, 8.00) -0.69%4 0.488
Postoperative 3 months 3.00 (2.00, 3.00) 4,00 (3.00,4.00)" -5.139 0.000"
Postoperative 1 years 2.00 (1.50, 2.50) 2.00 (2.00, 3.00)° —2.356 0.018"
Postoperative 3 years 1.00 (1.00, 2.00) 2.00(2.00, 3.00)" —2.240 0025
Postoperative 5 years 1.00 (0.00, 2.00) 2.00 (1.00, 2.00) —1.658 0.097
VAS leg pain
Preoperative 7.00 (6.00, 8.00) 6.00 (6.00, 7.75) —1.782 0.075
Postoperative 3 months 2.00(1.00, 2.00) 2.00 (2.00, 3.00)" -2.376 0017
Postoperative 1 years 1.00 (1.00, 1.50) 2.00(1.00, 3.00)" —3.048 0.002"
Postoperative 3 years 1.00 (0.00, 1.00) 1.00 (0.00, 2.00) -0.863 0.388
Postoperative 5 years 0.00 (0.00, 1.00) 1.00 (0.00, 1.00) —-0.504 0614
ODl scores
Preoperative 28.00 (25.00, 34.00) 26.50 (25.00, 28.00) —1.533 0.125
Postoperative 3 months 14.00 (11.50, 15.00) 15.00 (14.00, 16.00)" -2253 0.024"
Postoperative 1 years 8.00 (7.00, 11.00) 10.00 (8.00, 12.00)" —2.161 0.031"
Postoperative 3 years 5.00 (3.50, 8.00) 6.00 (4.00,10.75)" -2.107 0035
Postoperative 5 years 5.00 (3.00, 7.50) 5.00 (3.25, 9.00) —1.594 0.111
JOA scores
Preoperative 8.00 (5.00, 10.00) 9.00 (8.00, 10.00) -1.816 0.069
Postoperative 3 months 16.00 (14.50, 19.00) 14,00 (13.00, 15.75)° —-4614 0.000"
Postoperative 1 years 19.00 (17.50, 21.00) 18.00 (16.00, 19.00)" —2460 0014
Postoperative 3 years 23.00 (20.50, 25.00) 21.00 (19.00, 23.00)° —3.087 0.002"
Postoperative 5 years 24.00 (21.00, 25.00) 22.00 (20.00, 24.00) —1.893 0.058
Modified MacNab 5014 0.146
Excellence 23 19
Good 17 14
Fair 1 6
Poor 0 1

Values are expressed as the median (interquartile range). *P < 0.05

JOA Japanese Orthopaedic Association scores, MIS-TLIF Minimally invasive transforaminal lumbar interbody fusion, ODI Oswestry disability index, TLIF Transforaminal

lumbar interbody fusion, VAS Visual analog scale

to compare the clinical efficacy of MIS-TLIF with that
of TLIF for treating ULDH at different time points after
surgery.

Many studies have shown that MIS-TLIF has a longer
operative time than open surgery, which is attributed to
the steep learning curve of MIS-TLIF and the need for
additional intraoperative fluoroscopy to optimize the
position of the pedicle screws [13, 14]. Price et al. inves-
tigated 452 patients who underwent TLIF surgery and
reported that the MIS-TLIF procedure time was sig-
nificantly lower than that of TLIF [15]. However, in this
study, the difference in operative time between MIS-TLIF
and TLIF was not statistically significant (P>0.05). This
was possibly because of the relatively narrow anatomical
environment of the upper lumbar spine for the MIS-TLIF

surgical operation process. This process requires more
time to expose the dural sac, clarify the location of the
nerve root, perform careful percutaneous placement of
screws, and ensure no nerve damage, followed by suc-
cessful completion of decompression and fusion of the
intervertebral disc. In addition, some studies now show
that MIS-TLIF is less than TLIF in terms of intraopera-
tive blood loss [14, 16]. In the present study, intraopera-
tive bleeding in the MIS-TLIF group was 100.0 (50.0,
100.0) mL, which was significantly lower than that in the
TLIF group, 100 (100.0, 150.0) mL (z=—3.447; P<0.001).
This is consistent with the results of the meta-analysis
by Hammad et al. [17]. The initial complication rate of
MIS-TLIF has been reported to range from 6.8 to 23.8%,
with the surgical complication rate decreasing as the
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technical curve gradually flattens out [18]. Here, no sig-
nificant complications in either group were encountered.
However, there was one case of postoperative sensory
impairment in MIS-TLIF, considered a reversible nerve
injury caused by prolonged compression of the upper
lumbar intervertebral disc. The patient experienced
symptomatic relief after receiving neurotrophic medica-
tion for 3 months. No significant difference in the inci-
dence of common postoperative complications between
the MIS-TLIF and TLIF groups (P=0.359) was observed,
consistent with previous reports [17]. Most studies have
concluded that increased intraoperative blood loss is sig-
nificantly associated with longer postoperative hospital
stays [16]. Indeed, in the present study, the length of post-
operative hospitalization in the MIS-TLIF group was sig-
nificantly shorter than that in the TLIF group (P<0.001),
which implies that this technique can reduce the costs of
the hospitalization process [19]. This was consistent with
the results reported by Zhang et al. [20]. The ERAS con-
cept, introduced by Kehlet in 1997, is important in perio-
perative management aimed at improving the functional
recovery of patients while reducing the length of hospi-
talization, incidence of postoperative complications, and
early return to a normal social life [21]. MIS-TLIF to
treat ULDH meets these criteria, as the shorter surgical
incisions and less muscle and soft tissue damage result
in less postoperative bleeding and shorter postoperative
hospitalization.

The VAS, JOA, and ODI scores are commonly used
to assess the functional recovery of the lumbar spine
and postoperative outcomes [22-24]. Most studies have
shown that MIS-TLIF causes less postoperative damage
to the paraspinal muscles and soft tissues than traditional
TLIF, significantly reducing patients’ lower back and leg
VAS scores and ensuring better ODI functional scores
[25]. However, no significant difference in postopera-
tive VAS and ODI scores between patients treated with
MIS-TLIF and TLIF has been shown [17]. In this study,
the MIS-TLIF group had significantly lower back and leg
VAS scores than the TLIF group at 3 months, 1 year, and
3 years postoperatively, consistent with previous studies
[26]. The JOA and ODI scores in the MIS-TLIF group
were significantly better than those in the TLIF group at
3 months, 1 year, and 3 years postoperatively. However,
at 5 years postoperatively, there were no significant dif-
ferences in the JOA and ODI scores between the two
groups. It may be due to the fact that in the early postop-
erative period, the smaller skin incision and less mechan-
ical damage to the paravertebral muscles of the MIS-TLIF
protects the associated blood supply to the surrounding
tissues [27]. This suggests that MIS-TLIF achieves more
significant pain reduction and more rapid functional
recovery in the short-term postoperative period, having
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better clinical efficacy. In this study, the postoperative
efficacy of the two groups of patients was measured using
the modified MacNab criteria. The efficacy rate of the
MIS-TLIF group was excellent (97.6%), but there was
no significant difference between the groups (P=0.146).
This suggests that both MIS-TLIF and TLIF can improve
clinical symptoms in patients with ULDH.

Our study revealed the short- and mid-term clinical
efficacy, advantages, and disadvantages of MIS-TLIF and
TLIF in treating ULDH, which is clinically significant.
Nevertheless, some limitations to this study should be
mentioned. First, this was a retrospective study where
some memory bias in patient selection could have
existed. Second, the follow-up time was insufficient, and
further follow-up is needed to compare the differences
in long-term clinical efficacy between the two groups. In
addition, all patients were treated by the same surgeon,
limiting the generalizability of this study. Finally, the
low prevalence of ULDH resulted in a small sample size.
Therefore, prospective randomized controlled trials with
larger sample sizes are needed to further determine the
surgical advantages of MIS-TLIF for treating ULDH.

Conclusions

MIS-TLIF and TLIF achieved excellent surgical results in
treating ULDH; however, MIS-TLIF has the advantages
of less intraoperative bleeding and shorter postoperative
hospitalization than TLIF. No significant differences in
operative time and postoperative complications between
the two surgeries were observed. In terms of clinical effi-
cacy, MIS-TLIF had superior JOA and ODI functional
scores and VAS scores for the lower back and legs in
the short-term postoperative period. In conclusion, this
study suggest that MIS-TLIF is a reliable surgical proce-
dure for the treatment of ULDH.
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