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Abstract

The purpose of this study is to compare the long-term patient-outcomes, spinal fusion, and incidence
of adjacent segment degeneration (ASD) between minimally invasive transforaminal lumbar interbody
fusion (MIS-TLIF) and open posterior lumbar interbody fusion (O-PLIF). We retrospectively reviewed
70 consecutive cases who underwent single-level MIS-TLIF or O-PLIF from March 2010 to July 2013. All
the patients achieved a minimum of 5-year follow-up. Data collected for each patient included demo-
graphic data, perioperative data, and complications. Clinical outcomes were evaluated with Oswestry
disability index and visual analogue scale (VAS). Radiological outcomes included fusion rate and ASD.
About 34 patients of MIS-TLIF and 36 patients of O-PLIF were enrolled. Higher Charlson comorbidity
index scores were noted in MIS-TLIF than in O-PLIF. Blood loss was significantly lower in MIS-TLIF
than O-PLIF. There were significant improvements in clinical and radiological outcomes in both groups.
At 6 months, in MIS-TLIF group had significantly lower VAS for back pain and disc height compared
with in O-PLIF group. The fusion rate was similar between the two groups at 5-year follow-up. Although
the total complication rates were similar between the two groups, both the incidence of ASD was signifi-
cantly higher in O-PLIF group than MIS-TLIF group (P = 0.032). In conclusion, this study indicates that
MIS-TLIF is comparable to O-PLIF in terms of fusion rates and clinical outcomes in single-segment degen-
erative lumbar diseases. In addition, compared with O-PLIF, MIS-TLIF has the advantages of lesser blood
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loss, faster recovery, and lower incidence of ASD.
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Introduction

Spinal fusion surgery is a common technique used
to treat degenerative lumbar pathologies including
disc herniation with instability, spinal stenosis, and
degenerative spondylolisthesis.”® Surgery provides
sufficient neural decompression and stabilization
through interbody fusion for pain relief. Tradition-
ally, posterior lumbar interbody fusion (PLIF) and
transforaminal LIF (TLIF) performed through open
approach are acceptable and safe options to achieve
satisfactory clinical outcomes.*® However, it needs
extensive paraspinal muscle dissection and retraction.”

Received October 2, 2018; Accepted February 26, 2019

Copyright© 2019 by The Japan Neurosurgical Society
This work is licensed under a Creative Commons Attribution-
NonCommercial-NoDerivatives International License.

The superiority of one procedure over the other still
remains controversial according to current literature.
Recent development of minimally invasive spine
(MIS) surgery for decompression and posterior inter-
body fusion decreases blood loss and postoperative
pain, promotes quick rehabilitation, and leads to
shorter hospital stays.” When indicated, MIS surgery
results in adequate bilateral decompression through
a unilateral approach.? However, long-term follow-
up of MIS-TLIF is reported to yield similar results
compared with open TLIF/PLIF in terms of fusion
rates and complications.*!?

Despite several reports comparing MIS and open
procedures, direct comparison of long-term outcomes
with MIS-TLIF and open PLIF (O-PLIF) has yet to
be reported. The purpose of our study is to compare
patient outcomes, spinal fusion, and incidence of
complications between MIS-TLIF and O-PLIF for
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treatment of single-level lumbar spine pathology
at a minimum of 5-year follow-up.

Materials and Methods

This retrospective study has been approved by the
Institutional Review Board of the authors’ affiliated
institution. Inclusion criteria were patients with
degenerative lumbar disease treated by single-level
posterolateral interbody fusion and achieved a
minimum of 5-year follow-up. Patients who had
trauma, tumor or infection were excluded. At our
hospital, patients with degenerative lumbar disease
were usually treated by PLIF, and by MIS-TLIF
became widely available since 2012. A total of 102
consecutive patients who underwent single-level
posterolateral interbody fusion (42 with MIS-TLIF
and 60 with O-PLIF) from March 2010 to July 2013.
Thirty-two (31.4%; eight cases in MIS-TLIF and
24 cases in OPLIF) of 102 patients were excluded
due to lost follow-up. Finally, 34 patients who
underwent single-level MIS-TLIF and 36 with
single-level O-PLIF satisfied the aforementioned
inclusion criteria.

The surgical procedures are described in previous
reports.'*'? Briefly, in both the techniques, decom-
pression of the stenosed segment was followed by
interbody fusion with cage. In MIS-TLIF group,
under microscopic visualization, a single cage filled
with autologous bone graft derived from unilateral
total facetectomy and partial laminectomy was
inserted. Bilateral decompression through unilat-
eral laminectomy was performed when required.
After insertion of single-cage (Crescent, Medtronic
Sofamor Danek, Memphis, TN, USA; or Opal, DePuy-
Synthes Spine, Raynham, MA, USA; or Capstone,
Medtronic Sofamor Danek), we put percutaneous
pedicle screws. In O-PLIF group, the standard fusion
procedure was performed after wide decompression
of the spinal canal and adjoining foramina, inser-
tion of two cages (Plivios, DePuy-Synthes Spine, or
Opal, DePuy-Synthes Spine, or Capstone, Medtronic
Sofamor Danek) with autologous bone graft, and
insertion of open pedicle screws. There were two
spine surgeons who performed O-PLIF procedure
whereas the MIS-TLIF was only performed by the
senior author.

Patients’ demographic data, perioperative data,
cage size, Charlson comorbidity index (CCI),*® and
complications (perioperative and postoperative)
were collected.

Clinical outcomes were evaluated with Oswestry
disability index (ODI) and Visual Analogue Scale
(VAS) for back and leg pain before surgery and at
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6-month, 2- and 5-year follow-up intervals after
surgery by an independent research nurse.
Radiographic parameters were measured as follows:
pelvic incidence (PI), pelvic tilt (PT), sacral slope
(SS), segmental lordotic angle (SLA), lumbar lordotic
angle (LLA), disc height (DH), and sagittal vertical
axis (SVA) on standing lateral X-ray view. PI was
measured as the angle between a line perpendicular
to the midpoint of the S1 superior endplate and a
line connecting this point to the center of the femoral
head axis. PT was measured as the angle between
a vertical line from midpoint of the S1 superior
endplate and a line connecting this point to the
center of the femoral head axis. SS was measured
as the angle between a line parallel to the endplate
of S1 and a horizontal line. SLA was measured as
the angle between the superior endplate of upper
level and the inferior endplate of lower level. LLA
was the angle between superior endplate of the L1
and superior endplate of sacrum. DH refers to the
distance between the inferior and superior endplate
of the index level. SVA was defined as the distance
between a vertical line from the center of C7 vertebra
and a posterior upper corner of S1 vertebra. SVA may
be balanced (SVA <50 mm) or imbalanced (SVA >50
mm) while PI minus lumbar lordosis (PI — LL) was
considered appropriate (PI — LL <10°) or a mismatch
(PI — LL >10°).1419 All patients underwent repeated
X-ray before surgery, immediately after surgery, at 2
and 5 years postoperatively. The cross-sectional area
of the spinal canal (CSAC) was calculated in the axial
T,-weighted magnetic resonance imaging (MRI) image
before surgery. Fusion status was evaluated using the
Bridwell criteria!® with computed tomography (CT)
at 2 and 5 years, postoperatively. Cage subsidence
was deemed to occur if there was evidence of more
than 2 mm migration into the vertebral body on CT.
Adjacent segment degeneration (ASD) was defined
on radiographs as the onset of degenerative changes
in the previously normal disc spaces adjacent to
the fusion segment; along with spondylolisthesis,
dynamic instability, or degenerative scoliosis.'”
All measurements were done on the picture archives
communication system, MaroView 4.5 (Marotech, Seoul,
Korea). All the data were evaluated by two senior
spine surgeons who were blinded to the situation.

Statistical analysis

Statistical analysis was performed using the SPSS
23.0 software (IBM, Armonk, NY, USA). Quantitative
variables were presented as mean + SD (standard
deviation) and qualitative variables were expressed
in number or percentage. Continuous variables
were evaluated by independent sample t-test and
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categorical variables evaluated by Chi-squared test or
Fisher’s exact test. A P-value <0.05 was considered
as statistical significance.

Results

All the patients consented to participate after more
than 5-year follow-up. Table 1 summarizes the
demographic characteristics of the patients and intra-
operative data. A total of 34 patients (73.5% were
females) were in MIS-TLIF group and 36 patients
(83.3% were females) in O-PLIF group. The patients’
age was lower in O-PLIF group (mean of 59.9 + 8.2
years; range from 45 to 75 years) compared with
the MIS-TLIF group (mean of 65.4 + 7.6 years;
range from 51 to 81 years) (P = 0.005). There was
a similar follow-up duration between O-PLIF group
(mean of 5.8 + 0.9 years; range from 5 to 8 years)
and MIS-TLIF group (mean of 5.4 + 0.5 years; range
from 5 to 6 years) (P = 0.057). Most of the patients
underwent surgery at L4-L5 level in both groups.
A few patients manifested degenerative spinal stenosis
(two patients accompany by index level instability
in MIS-TLIF group and three with instability in
O-PLIF group; P = 0.211). The most frequent primary
diagnosis was spondylolisthesis (58.8% in MIS-TLIF
and 77.8% in O-PLIF; P = 0.430) in both groups.
There was no significantly different in the degree
of spondylolisthesis grade (for Grade II, 14.7% in
MIS-TLIF and 27.8% in O-PLIF; P = 0.183) between
the two groups. Although not reached statistically
different, a slightly higher incidence of spondylolis-
thesis and Grade II spondylolisthesis in O-PLIF
group than MIS-TLIF group. For the CCI, a higher
score in MIS-TLIF patients compared with O-PLIF
patients (2.6 = 1.4 vs. 1.9 = 1.0; P = 0.012) was
observed. Gender, body mass index (BMI), BMI >
25 kg/m?, bone mineral density (BMD), BMD < -2.5,
and CSAC were not significantly different between
the groups (P >0.05). Additionally, 14 out of 34
patients (41.2%) in MIS-TLIF group underwent
bilateral decompression through unilateral approach.

Estimated blood loss was significantly lower in
the MIS-TLIF group (mean of 225.2 + 94.1 mlL)
compared with O-PLIF (mean of 509.1 + 138.6 mL)
(P <0.001). No significant difference in operative
times and postoperative hospitalization between
the two groups was noted (P >0.05).

Seven out of 34 patients in MIS-TLIF group
manifested eight complications. One patient who
had two complications (dural tear and pulmonary
thromboembolism) was referred to and treated by the
Department of Cardiology. One patient had sympto-
matic screw malposition, which required revision
surgery. One patient had bone graft dislodgement,

Table 1 Comparison of demographic, intraoperative
data, and complications between the two groups

MIS-TLIF O-PLIF

(n = 34) (n = 36) P
Gender ratio
(Male/Female) 9:25 6:30 0.318
Diagnosis 0.088
Spondylolisthesis . .
(Grade* I vs. II) 20 (15:5) 28 (18:10)
Spinal Stenosis
(with vs. without 14 (2:12) 8 (3:5)
instability)
Age (years); 654+7.6  59.9+82  0.005*
mean = SD
2).
BMI (kg/m?); 24.7 + 2.5 24.2+31  0.478
mean = SD
2.
BMI 225 kg/m*; 15 (44.1%) 13 (36.1%)  0.494
n (%)
BMD; mean + SD -1.8 1.2 -2.2+x1.1 0.169
BMD <-2.5;n (%) 11(32.4%) 15 (41.7%)  0.420
CCI (points); 2.6+1.4 1.9+1.0  0.012*
mean = SD
Operative level 0.582
L3-L4 1 2
L4-15 22 26
L5-S1 11 8
2).
CSAC (mm); 113.8 +72.3 116.1+86.6 0.904
mean = SD
Duration of
follow-up (years); 5.4 +0.5 5.8 +0.9 0.057
mean + SD
Operative times
167.1 £ 39.1 155.9 + 25.7 0.207

(min); mean + SD

Estimated blood
loss (mL);
mean = SD

225.2 +94.1 509.1 +138.6 <0.001*

Postoperative
hospitalization
(days); mean + SD

7.8+2.3 8.4+5.3 0.592

Adjacent segment

*
degeneration; n (%) 0.032

4 (11.8%) 12 (33.3%)

Total complication

rates: % (n) 23.5% (8/34) 38.9% (14/36)

0.167

*P <0.05. *The grade of spondylolisthesis is assessed by
using Meyerding classification. BMD: bone mineral density,
BMI: body mass index, CCIL: charlson comorbidity index,
CSAC: cross-sectional area of the spinal canal, MIS-TLIF:
minimally invasive transforaminal lumbar interbody fusion,
O-PLIF: open posterior lumbar interbody fusion.

with no neurological sequelae. There were four
cases of ASD, none of which required surgery.
Fourteen out of 36 patients in O-PLIF group had
14 complications. One patient developed epidural
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hematoma, which required emergency surgical evacu-
ation. One asymptomatic patient with osteolysis was
managed by observation alone. There were 12 patients
observed ASD, four of whom required surgery to
address the clinical symptoms caused by ASD.
One patient underwent O-PLIF revision surgery,
two patients underwent MIS-TLIF revision surgery
(Fig. 1), and one underwent minimally invasive
discectomy by Disc-FX.'® Although the total compli-
cation rates were a slightly lower in MIS-TLIF group
compared with O-PLIF group (23.5% vs. 38.9%), there
was no statistically significant difference between
them (P = 0.167). The incidence of ASD was signifi-
cantly higher in O-PLIF group than in MIS-TLIF
(P = 0.032) (Table 1).

In O-PLIF group, the heights of the used cage were
10 mm in three levels, 11 mm in 10 levels, 12 mm
in 20 levels, and 14 mm in three levels; cage lordotic
angle was 4° in five levels, 6° in one level, and 8° in
one level. In MIS-TLIF group, the heights of the used
cage were 8 mm in three levels, 10 mm in 23 levels,
12 mm in four levels, and 14 mm in four levels; cage
lordotic angle was 6° in seven levels. The mean cage
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height was significantly higher in MIS-TLIF group
(11.7 = 0.9 mm) compared with O-PLIF (10.5 =+
1.6 mm) (P <0.001).

The mean ODI scores showed significant improve-
ment, from preoperative 48.6 + 9.4 to 25.7 + 8.2, 21.1
+ 9.0, and 19.9 + 10.9 at postoperative 6 months,
2 and 5 years in O-PLIF group, respectively; and from
50.8 + 9.7 to 28.9 + 6.5, 19.9 = 7.3, and 17.1 = 8.1
in MIS-TLIF group, respectively. VAS for back pain
was, significantly lower in MIS-TLIF than in O-PLIF
patients at 6 months postoperatively, with a mean
score of 2.8 + 0.9 vs. 3.5 = 1.2 (P = 0.014), respectively
(Fig. 2). In terms of clinical outcomes before and
after surgery, the ODI and VAS for back and VAS for
leg demonstrated a significant improvement in both
groups (P <0.05), with 66.3%, 70.5%, and 72.5%
improvement in MIS-TLIF group compared with
58.8%, 66.7%, and 67.1% improvement in O-PLIF
group, respectively, with no statistically significant
differences between the two groups (P >0.05).

Pelvic incidence, PT, SS, SVA, and PI — LL were
similar between the two groups, without any
statistically significant difference from baseline

Fig. 1 A 66-year-old female.
Postoperative (A), and progres-
sive changes 2 years (B) and 6
years (C and D) after posterior
lumbar interbody fusion (PLIF).
Revised minimally invasive
transforaminal interbody fusion
at L3-4 and minimally-access
PLIF at L4-L5. After revision
(E) and final follow-up (F).
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Fig. 2 Visual analogue scale (VAS) scores for leg pain (A) and back pain (B) with time. O-PLIF, open posterior
lumbar interbody fusion; MIS-TLIF, minimally invasive spine transforaminal lumbar interbody fusion.

to postoperative values. In both groups, the rate of
SVA imbalance and PI — LL mismatch were slightly
lower postoperatively than preoperatively, without
any statistically significant difference between the
two groups (P >0.05; Table 2).

Segmental lordotic angle and lumbar lordotic
angle were within the normal range preoperatively
and remained essentially similar postoperatively.
There was no statistical difference between the
two groups at long-term follow-up (Fig. 3A). DH
was significantly increased postoperatively in both
groups, and persisted at long-term follow-up with
no statistically significant difference (Fig. 3B). At
6 months, there was a significantly greater DH in
O-PLIF (12.6 + 1.9 mm) compared with MIS-TLIF
(11.4 = 2.4 mm; P = 0.017).

Fusion was achieved in 91.2% (31/34) and 94.1%
(32/34) of the patients in MIS-TLIF group at 2- and
5-year follow-up, respectively. The fusion rate was
86.1% (31/36) and 91.7% (33/36) in O-PLIF group
during the same follow-up time, respectively. There
was a slightly higher fusion rate in MIS-TLIF compared
with O-PLIF, without any statistical difference between
the two groups (2-year follow-up, P = 0.506; 5-year
follow-up, P = 0.691). Overall, five cases of pseu-
doarthrosis (two cases in MIS-TLIF and three cases
in O-PLIF) were observed. Four of these five patients
underwent revision surgery due to clinical symptoms,
and another patient continued to be observed at the
outpatient visit. In addition, 10 cases of cage subsidence
were seen in the MIS-TLIF group (29.4%) 5 years after
surgery and nine cases of cage subsidence were seen
in the O-PLIF group (25.0%). There was no statistical
difference between the two groups (P = 0.678).

Discussion

Degenerative lumbar diseases causing spinal stenosis
and degenerative spondylolisthesis are frequently

Table 2 Comparison of pre- and postoperative
radiographic parameters between the two groups

MIS-TLIF O-PLIF P

. Pre-op  53.2+80  527£92 0795

Postop 534+7.8 52891  0.786

Pre-op 23.5+8.8 22.9+5.8 0.719
PT (°)

Post-op 244+94  23.0£57  0.419

Pre-op  29.2 % 6.3 29.0+8.0 0919
SS (°)

Post-op 28.9+6.4  287+80 0914

Pre-op 41.9+26.8  37.3+33.2  0.502
SVA (mm)

Post-op 31.4 +18.9 30.6 +22.1  0.855
SVA > Pre-op 29.4% (10/34) 33.3% (12/36) 0.724
50 mm (%) post-op 20.6% (7/34) 25.0% (9/36) 0.660
PI-LL> Pre-op 44.1% (15/34) 52.8% (19/36) 0.469
10° (%) Post-op 38.2% (13/34) 44.4% (16/36) 0.598

MIS-TLIF: minimally invasive transforaminal lumbarinterbody
fusion, O-PLIF: open posterior lumbar interbody fusion,
PI: pelvic incidence, PI — LL: pelvic incidence minus lumbar
lordosis, Post-op: postoperative, Pre-op: preoperative, PT:
pelvic tilt, SS: sacral slope, SVA: sagittal vertical axis.

associated with chronic low back pain, radicular
symptoms, and spinal instability.!” Numerous options
for fusion are available to treat lumbar spinal stenosis
and spondylolisthesis, to improve pain and disability.
The popularity of O-PLIF over the past decades has
been attributed to improved clinical satisfaction and
corrective radiographic outcomes after surgery.?”
However, retraction of dural and nerve roots in
O-PLIF during discectomy and cage insertion is a
drawback. This manipulation increases the risk of
related complications. MIS-TLIF technique is an
alternative and modified version of O-PLIF, which
facilitates direct nerve root decompression in addition
to interbody fusion. MIS-TLIF leads to satisfactory
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A LLA and SLA

Pre-op 6 months 2years Syears
——LLA (O-PLIF) ——LLA (MIS-TUF) ~——SLA (O-PUF) ——SLA (MIS-TLIF)

B Disc height
15

P<0.05
3
0 *
Pre-op 6 months 2 years 5 years
~u-0-PLIF 8.7 12.6 10.9 10.3
—+MIS-TLIF 8.8 114 10.2 9.9

Fig. 3 (A) Segmental lordotic angle (SLA) and lumbar lordotic angle (LLA) with time. (B) Disc height (DH) with
time. O-PLIF, open posterior lumbar interbody fusion; MIS-TLIF, minimally invasive spine transforaminal lumbar

interbody fusion.

clinical and radiological outcomes, which are well
documented.

To the best of our knowledge, our report repre-
sents the first long-term follow-up study directly
comparing patient outcomes, spinal fusion, and
incidence of complications associated with MIS-TLIF
and O-PLIF procedures for treatment of single-level
degenerative pathology.

In our study, most of the patients were diagnosed
with degenerative spondylolisthesis, and a few
patients manifested degenerative spinal stenosis,
which required fusion surgery. There was none of
patients with degenerative lumbar scoliosis. Benefits
of MIS-TLIF include smaller incision, minimal
paravertebral muscle damage, and less destruction
of bone structures. These factors may result in the
reduced estimated blood loss that corresponds with
our result. A similar study analyzed the differences
between MIS-TLIF and open PLIF in patients with
single-level spondylolisthesis, using bilateral tubular
retractors with two cages in all the MIS-TLIF cases.?”
They also reported similar fusion rates, shorter hospital
stays and operative times, and minimal blood loss in
MIS-TLIF group compared with the open PLIF group.
However, all of the MIS-TLIF cases in our study were
implanted with a single cage. Additionally, 41.2% of
MIS-TLIF patients underwent bilateral decompression
through unilateral approach leading to an increase
in the mean operative times. This may explain that
MIS-TLIF (167.1 + 39.1 min) had a slightly longer
operative times than O-PLIF (155.9 = 25.7 min),
although statistical differences were not achieved.

The use of one or two cages has no impact on
fusion rate or clinical results, although two cages
prevent the loss of DH and correction of lumbar
lordosis.?® In this study, MIS-TLIF with a single cage
resulted in superior DH restoration postoperatively
compared with O-PLIF with two cages involving
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earlier follow-up. The O-PLIF procedure usually
requires retraction of the disc space for insertion of
the cage, whereas cage insertion in MIS-TLIF can
be achieved through the available disc space height.
Although preoperative DH was similar between the
two groups, the differences in methodology may
have resulted in inconsistent disc height at earlier
postoperative follow-ups. In addition, the mean height
of the cage used in O-PLIF group was significantly
higher than MIS-TLIF group (11.7 + 0.9 mm vs. 10.5
+ 1.6 mm; P <0.001). The contribution of the height
of the inserted cage for restoration of the postopera-
tive disc height cannot be ignored. However, there
was more cage subsidence in the O-PLIF group,
which ultimately led to similar DH between the
two groups at long-term follow-ups. Therefore,
surgical techniques are superior to the number of
cages used. Segmental and whole lumbar lordosis,
which was within the normal range before surgery,
remained mostly unchanged after surgery, with no
statistically significant difference postoperatively
in both groups compared with preoperative values.

The precise pathophysiology of ASD remains
unclear despite several studies investigating the
mechanisms of pathogenesis. Theoretically, spinal
fusion leads to ASD due to biomechanical changes
including increased intradiscal pressure, stress at
adjacent segmental levels, and increased adjacent
segmental motion, which exacerbate degenerative
changes.? These changes are triggered by demo-
graphic factors, spinopelvic sagittal balance param-
eters, or other causes.?®?” The incidence of ASD
depends on a variety of factors. Previous literature
has reported that the risk factors of ASD include
age, gender, BMI (225 kg/m?), osteoporosis, preopera-
tive PT (>20°), preoperative SS (<40°), preoperative
and postoperative lower LL, SVA imbalance, and
PI - LL mismatch, etc.28-3V
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In this study, there was no significant differences
in terms of gender, BMI, BMD, operated level, and the
pre and postoperative spinopelvic sagittal balance
parameters. However, a significantly lower incidence
of ASD was observed in MIS-TLIF patients compared
with O-PLIF patients. A possible explanation is that
the MIS-TLIF procedure, compared with O-PLIF,
may cause lesser disruption of adjacent segment soft
tissue, as well as less destruction of the facet joint.
Partial decompressive laminectomy was performed
in MIS-TLIF procedure preserves the posterior
ligamentous complex to maintain spinal stability.??
Furthermore, the factors that most influence these
differences depend on the use of percutaneous screws
which has a great influence on adjacent facet joint
violations and muscle damage that affect the occur-
rence of ASD (MIS-TLIF with percutaneous screws
and O-PLIF with open screws).®® Besides, MIS-TLIF
has advantages of reduced multifidus atrophy which
is an important reason for the lower frequency of
ASD.*¥ In addition, although not reached statistically
different, there was a slightly higher incidence in
females (83.3%), spondylolisthesis (77.8%; 27.8%
are Grade II), BMD < -2.5 (41.7%), pre (33.3%)
and postoperative (25.0%) SVA > 50 mm, and pre
(52.8%) and postoperative (44.4%) PI - LL > 10° in
O-PLIF group compared with MIS-TLIF group which
was presenting as female (73.5%), spondylolisthesis
(58.8%; 14.7% are Grade II), BMD < -2.5 (32.4%),
pre (29.4%) and postoperative (20.6%) SVA >
50 mm, and pre (44.1%) and postoperative (38.2%)
PI - LL = 10°.

There is still controversy about whether there
is an association between age and ASD. In theory,
the older spine is less flexible and difficult to
adapt to the biomechanical changes after fusion,
in stark contrast to the young spine. Some studies
have indicated that the increase in age was propor-
tional to the incidence of ASD.?%3® However, some
studies have reported no association between age
and ASD.””? In this study, although the mean age
and CCI scores of MIS-TLIF patients were higher
than O-PLIF patients, the incidence of ASD in
MIS-TLIF was significantly lower than that of O-PLIF.
Hence, we speculate that age is not associated with
the onset of ASD. Meanwhile, comorbidities may not
be a risk factor for ASD. Perhaps compared with those
patient-specific factors, direct destructive damage from
surgery may result in a greater likelihood of ASD.

Although higher incidence of ASD in O-PLIF group
compared with MIS-TLIF group, clinical outcomes
significantly improved in both groups at long-term
follow-up with no significant differences between
the two groups. However, VAS for back pain was

significantly lower in MIS-TLIF patients compared
with O-PLIF patients at early time follow-up (only
at 6 months postoperatively). This demonstrates
that MIS-TLIF results in faster improvement of
back pain due to less trauma to soft tissues and
preservation of the midline musculo-ligamentous
complex during the surgery. In addition, with the
exception of one case, all cases of ASD occurred
within 4 years after surgery and all reoperation for
symptomatic ASD were conducted more than 5 years
after the first surgery. These findings displayed that
degeneration is a relatively protracted process, and
the impact on clinical outcomes during this process
is not significant. Therefore, we speculated that the
impact of ASD on clinical outcome after fusion
surgery does not show a significant correlation,
which was consistent with the previous studies.?*?
However, some reports found that it did not neces-
sarily correlate with clinical symptoms.344V

There are some limitations in this study. First, it
is a retrospective nature study with a small sample
size. Second, there may be a selection bias because
the selection was based only on the date. At last, it
may influence the whole results with loss follow-up
of the patients from the original surgery populations,
which was more than 30%. In future, a multicenter
prospective randomized study with a higher number
of patients and longer follow-up duration is needed
to corroborate the study findings.

Conclusion

This study demonstrates that MIS-TLIF is compa-
rable to O-PLIF in terms of fusion rate and clin-
ical outcomes for single-segment degenerative
lumbar diseases. Moreover, compared with O-PLIF,
MIS-TLIF has the merits of less estimated blood
loss, quicker improvement of back pain, and lower
incidence of ASD. In addition, we speculate that age
and comorbidities may not be risk factors for ASD.
Concurrently, ASD is not significantly correlated
with clinical outcomes.
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