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Comparing oblique lumbar interbody fusion ==

with lateral screw fixation and percutaneous
endoscopic transforaminal discectomy
(OLIF-PETD) and minimally invasive
transforaminal lumbar interbody fusion
(MIS-TLIF) for the treatment of lumbar disc
herniation complicated with lumbar instability
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Abstract

Objective: To evaluate the early clinical effect of oblique lumbar interbody fusion with lateral screw fixation and per-
cutaneous endoscopic transforaminal discectomy (OLIF-PETD) in the treatment of lumbar disc herniation with lumbar
instability.

Methods: A total of 22 patients with lumbar disc herniation and lumbar instability from August 2017 to August 2019
were enrolled in this retrospective study. The general information, perioperative indicators and complications were
recorded. The clinical outcomes and radiological outcomes were evaluated before the operation, seven days after the
operation, and at the last follow-up. Vertebral fusion and degree of multifidus muscle injury were evaluated at the last
follow-up.

Results: In this study, OLIF 4 PETD showed shorter incision length compared to the MIS-TLIF (P<0.001). In the two
groups, the clinical outcomes and radiological outcomes were significantly improved compared with the preopera-
tive (P<0.001). At the seven days after the operation and the last follow-up, the VAS of OLIF 4+ PETD group was lower
than that of MIS-TLIF group (P<0.05). OLIF + PETD could give superior outcome in restoring disc height (P<0.001),
but the fusion segment angle of OLIF +PETD group was larger compared to the MIS-TLIF group seven days after the
operation and at the last follow-up (P < 0.05). In addition, the fusion rate was not significantly different between the
two groups (P>0.05), but OLIF + PETD could avoid the multifidus injury (P<0.001).
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Conclusion: Compared to MIS-TLIF, OLIF-PETD can achieve satisfactory decompression effects and fusion rates with
less multifidus injury and postoperative low back pain, which may be an alternative choice for the treatment of lum-

bar disc herniation combined with lumbar instability.

Keywords: Oblique lumbar interbody fusion, Percutaneous endoscopic transforaminal discectomy, Lateral screw

fixation, Minimally invasive spine surgery, Multifidus

Introduction

Lumbar disc herniation (LDH) is an important cause
of low back pain and lower limb pain in the clinic. This
kind of patient is often complicated with lumbar insta-
bility, which leads to low back pain and unilateral lower
limb symptoms. Traditional LDH with lumbar instability
is often treated with posterior lumbar interbody fusion
(PLIF) and transforaminal lumbar interbody fusion
(TLIF). These two operations cause great damage to the
normal stability structure of the lumbar spine and may
cause intractable low back pain after the operation and
affect the effect of fusion [1]. In recent years, minimally
invasive transforaminal lumbar interbody fusion (MIS-
TLIF) has achieved good clinical results in the treatment
of LDH, lumbar instability and other lumbar degenera-
tive diseases [2]. However, recent studies have reported
that the early clinical efficacy of MIS-TLIF is still contro-
versial [3, 4].

Oblique lumbar interbody fusion (OLIF) was intro-
duced by Silvestre [5] in 2012 and has been applied to
lumbar spinal stenosis, lumbar instability and other
degenerative diseases in recent years with satisfactory
clinical results. However, OLIF achieves indirect decom-
pression by expanding the height of the intervertebral
space and the area of the intervertebral foramen. Its lim-
ited decompression and inapplicability to the L.-S; limit
its application. A large number of recent articles have
confirmed the effectiveness of percutaneous endoscopic
transforaminal discectomy (PETD) in the treatment of
LDH and concluded that the incidence of perioperative
complications of PETD is low [6]. Therefore, we used
OLIF with lateral screw fixation (LSF) and PETD (OLIF-
PETD) for the treatment of LDH combined with lumbar
instability, with satisfactory early clinical efficacy.

This retrospective study aimed to evaluate the early
clinical effect and decompression effect of OLIF-PETD
in the treatment of LDH with lumbar instability and pro-
vide more reference for the selection of surgery for such
patients.

Material and methods
Study design and settings
The present study is a Scientific Research Ethics Com-
mittee-approved retrospective analysis of patients treated

with OLIF-PETD and MIS-TLIF for LDH complicated
with lumbar instability at our institution (single-surgical
team) between 2017 and 2019. All patients had symp-
toms of low back pain, accompanied by lower limb pain
or numbness. All patients underwent X-ray, CT three-
dimensional reconstruction and MRI examinations
before surgery.

Participants and eligibility criteria

All patients with a diagnosis of LDH with lumbar insta-
bility who underwent spinal surgery at our hospital
between 2017 and 2019 were potentially to be eligible for
this study.

Inclusion Criteria: (D The patient was diagnosed with
LDH complicated with lumbar instability (L,-L;): lumbar
hyperextension and flexion lateral radiographs with sag-
ittal displacement >4 mm or intervertebral angle greater
than 10° [7]; the symptoms involve lumbago and back
pain combined with unilateral lower limb nerve com-
pression symptoms, and strict conservative treatment is
ineffective, requiring surgical intervention; ® OLIF with
LSF and PETD or MIS-TLIF was used for treatment; 3
the main outcome measures were clinical efficacy and
radiological measurement.

Exclusion Criteria: (DComplicated with spon-
dylolisthesis or lumbar spondylolisthesis (Meyerding
Grade > 2); ®Complicated with a history of lumbar
surgery; @Complicated with spinal tumor, tuberculosis,
infection, vertebral fracture or deformity; @Complicated
with severe osteoporosis.

Surgical method

OLIF+PETD: the PETD procedure was performed
first, with the patient lying prone on the operating table
under local anesthesia. Under G-arm fluoroscopy, the
guide needle was punctured into the vertebral superior
articular process, and the angle of 15-30° was the safe
area. The skin cut was made (8 mm), the incision was
dilated by a dilator and working channel. Interverte-
bral foramen plasty was performed with a ring saw, and
a spinal endoscope was inserted (SPINENDOS GmbH,
Munich, Germany). Different types of nucleus pulposus
forceps are used to remove the herniated nucleus pul-
posus. At the same time, bipolar radiofrequency abla-
tion (SPINENDOS GmbH, Munich, Germany) was used
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for hemostasis and to form the annulus fibrosus. After
decompression, the endoscopic working sleeve was
removed (Fig. 1).

The patient was then placed in the right decubitus posi-
tion under general anesthesia for OLIF. Under G-arm
fluoroscopy, the intervertebral space and anterior edge of
the responsible vertebral body were located. Expose the
intervertebral space and lateral side of the vertebral body.
The insertion channel will be properly extended to open
the intervertebral space. The anterior 1/3 annulus fibro-
sus was incised, and nucleus pulposus forceps and ream-
ers were used alternately to remove intervertebral disc
tissue. After discectomy and exposure of the bony end-
plate, a suitably sized cage was inserted and filled with
allogeneic bone and bone repair materials. The multiaxial
universal screw was screwed in the lateral side of the ver-
tebral body with the screw passing through the contralat-
eral cortex as far as possible. The longitudinal connecting
rod and tail cap were placed (Fig. 2). Finally, the incision
was closed layer by layer.

MIS-TLIF: under general anesthesia, the patient was
placed in the prone position. Under G-arm fluoros-
copy, the pedicle of the responsible vertebral body was
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marked on the body surface. A puncture needle was
used to locate the vertebral space on the line of the
pedicle marker point on the side of the disc herniation.
A longitudinal incision was made (4 cm) and the work-
ing channel was inserted step by step. The nerve roots
and thecal sac were exposed with osteotome and ron-
geur. A thorough discectomy was performed to expose
the bony endplate. Then a cage filled with autogenous
bone and bone repair materials was inserted. The pedi-
cle screw guide needle was placed bilaterally, the hollow
universal screw was screwed, and the prebent connect-
ing rod was placed. A drainage tube was placed in the
wound, and the incision was closed.

Outcome measures

1. Demographic data: Age, sex, and intraoperative
parameters, including fusion level, operative dura-
tion, incision length, hospital stays, intraoperative
blood loss, postoperative drainage, and complica-
tions.

2. Clinical efficacy evaluation:

Fig. 1 PETD Direct decompression under percutaneous endoscopy

Fig. 2 OLIF OLIF combined with LSF
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Visual analog scale (VAS): Assess the overall pain in the
waist, lower extremities, and surgery. VAS scores were
independently filled in by patients after the doctor’s brief
explanation, with 0 being no pain and 10 being very pain.

Japanese Orthopedic Association assessment of treat-
ment score (JOA): Lumbar function was assessed at pre-
operative and postoperative follow-up. The total lumbar
JOA score was 29, including symptoms, physical signs
and bladder function. JOA improvement rate = (follow-
up score — preoperative score)/(29 — preoperative
score) x 100%.

Oswestry disability index (ODI): The subjective func-
tion of the lumbar spine was assessed with a total score
of 100, including pain degree, daily living, self-care abil-
ity, lifting, walking, sitting, standing, sleeping, sexual
life, social activities, travel, etc. ODI=each score/total
score x 100%.

3. Degree of lumbar multifidus muscle injury

The multifidus muscle cross-sectional area (MF-CSA)
of the affected side was measured before the operation
and at the last follow-up on the MRI axial image of the
lumbar vertebrae. The innermost fascia close to the outer
edge of the spinous process and lamina was taken as the
lateral boundary of the multifidus muscle, fat infiltration
was excluded, and Image] software was used for meas-
urement (Fig. 3). Atrophy rate= (preoperative CSA —
last follow-up CSA)/preoperative CSA x 100%.

4. Radiological measurement [8]

Lumbar spine lateral X-ray measurement indexes
were as follows. Disc height (DH): The anterior verte-
bral height (AH) and posterior vertebral height (PH) of
the fusion segment were measured in lateral X-ray, DH
(mm)=(AH+PH)/2 mm; lumbar lordosis angle (LA):
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LA was measured on lateral X-ray with two measurement
lines parallel to the L1 and S1 upper endplates; fusion
stage angle (FSA): the angle between the upper endplate
of the upper vertebral body and the lower endplate of the
lower vertebral body of the fusion segment was measured
by lateral X-ray (Fig. 4).

Lumbar spine computed tomography (CT) measure-
ment indexes were as follows. Foraminal height (FH): the
shortest distance between the lower edge of the upper
vertebral pedicle and the upper edge of the lower ver-
tebral pedicle, measured on lumbar CT sagittal image;
foraminal cross-sectional area (F-CSA): measured on
lumbar CT sagittal image, the area of the nerve root out-
let region after excluding soft tissues such as discs, joint
capsule and surrounding bone structures for the forami-
nal area (Fig. 5).

Lumbar spine magnetic resonance imaging (MRI)
measurement indexes were as follows. Sagittal spinal
canal diameter (SSCD): measured on MRI sagittal image
of the lumbar spine, it is the anterior and posterior length
of the spinal canal at the central level of the interverte-
bral space excluding the anterior intervertebral disc and
posterior fat tissue, ligamentum flavum and other soft
tissues; axial spinal canal diameter (ASCD): the length
of the spinal canal in the horizontal direction measured
on axial MRI images of the lumbar spine after exclud-
ing bony structures and soft tissues such as interver-
tebral discs, ligamentum flavum and fat tissue in the
spinal canal; spinal canal cross-sectional area (SC-CSA):
measured on axial MRI images of the lumbar spine, also
excluding the bony structures and soft tissue such as
intervertebral discs, ligamentum flavum and fat tissue in
the spinal canal (Fig. 6).

Radiological measurement data were measured using
Image] software. Radiological measurement data were
independently performed by three authors (JM, LS and
CD.).

A O
- B m N =

Fig. 3 Measurement of lumbar multifidus muscle cross-sectional area (MF-CSA). A Preoperative MF-CSA. B The last follow-up MF-CSA
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Fig. 4 X-ray related index measurement. A, B Preoperative lumbar hyperextension and flexion lateral radiographs showed a change in
intervertebral space angulation greater than 10°, which was consistent with the diagnosis of lumbar instability. C Lumbar lateral radiography DH
measurement DH = (AH+ PH)/2. D Lumbar lateral radiography LA measurement. E FSA measurement on lateral lumbar radiography

(€) and postoperative (D) sagittal CT scan images

Fig.5 CT-related index measurement. A, BThe L, s FH measured on preoperative (A) and postoperative (B) sagittal CT scan images: the shortest
distance between the lower edge of the upper pedicle and the upper edge of the upper pedicle. C, D The L, 5 F-CSA was measured on preoperative

5. Fusion assessment at the last follow-up

A CT scan was performed at the last follow-up, and
interbody fusion was divided into three levels accord-
ing to BSF grading [9]. BSF-1: vertebral collapse, loss
of vertebral space height, vertebral slippage, loosen-
ing of internal fixation or obvious absorption and sub-
sidence of bone graft, visible light transmission around
the fusion apparatus; BSF-2: continuous bone trabecu-
lae connecting upper and lower endplates were seen in
the fusion apparatus, and transparent bands were com-
pletely transverse; BSE-3: there were fully continuous
bone trabeculae connected to the upper and lower end-
plates of the vertebral body inside or outside the fusion
apparatus, and extensive osteogenesis existed at the
horizontal position. BSF-2 and above are considered to
indicate bony fusion.

Statistical analysis

SPSS 22.0 for Windows software was used for statisti-
cal analysis. The measurement data in accordance with
a normal distribution are shown as the mean =+ standard
deviation. The VAS score, ODI index, JOA score and
radiological measurement indexes of the two groups
were compared with the analysis of variance of repeated
measurement. If the spherical test was not satisfied,
the Greenhouse-Geisser method was used for correc-
tion. The general data, perioperative index, JOA score
improvement rate, multifidus muscle atrophy rate and
fusion rate between the two groups were compared with
independent sample t tests. The a value of the test level
is 0.05 on both sides. The counting data were expressed
as rates, and the rank sum test or Fisher’s exact probabil-
ity method was used for comparisons between groups.
P<0.05 was considered significant.
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preoperative (E) and postoperative (F) lumbar MRI axial images

Fig. 6 Measurement of MRI-related indexes. A, B SSCD was measured on preoperative (A) and postoperative (B) lumbar MRI sagittal images:
anterior and posterior length of the spinal canal at the central level of the intervertebral space. C, D ASCD was measured on preoperative (C)
and postoperative (D) lumbar MRI axial images: the length of the spinal canal at the anterior and posterior levels. E, F SC-CSA was measured on

Results

Participants

A total of 22 patients from August 2017 to August 2019
were included in this study, including 14 males and 8
females. Patients aged 41-72 years (58.31+2.9 years)
were divided into two groups. OLIF with LSF and
PETD was the OLIF 4+ PETD group, including L;-L, in
2 cases and L,-L; in 8 cases. The control group received
MIS-TLIF with percutaneous pedicle screw fixation
(PPSF), including 12 patients, including L;-L, in 1 case
and L,-L; in 11 cases. The patients were followed up
for 12-22 months, with an average of 16 months. The
patient data are summarized in Table 1.

General data and perioperative indicators

There was no significant difference in age, sex, operation
segment, operation duration, hospital stays, intraop-
erative blood loss or postoperative drainage between the
two groups. The total incision length in the OLIF + PETD
group was significantly shorter than that in the MIS-TLIF
group (P<0.001, Table 1).

Clinical efficacy evaluation

There were significant differences in the VAS score
and ODI index at each time point in the two groups
(P=0.000). There was an interaction between the
VAS score time and the group (F=5.330, P=0.009).
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Table 1 General information and perioperative indicators

OLIF+PETD MIS-TLIF t P

Number of patients 10 12
Age (year) 60.5+£108 551£113 1.143 0266
Sex, n (%)

Men 6(60%) 8(66.7%)

Women 4(40%) 4(33.3%)
Fusion segment, n (%)

Ly-Ly 2(20%) 1(8.3%)

LyLs 8(80%) 11(91.7%)
Operation time (min) 15004+£220 171.74+359 1804 0.112
Incision length (mm) 6.3+04 78+04 0.056 <0.001*
Hospital stays (d) 109450 10.84+3.9 0.169 0972
Intraoperative blood loss 117 4+20.6 131+£604 2452 0474
(mi)
Postoperative drainage 123.0£410 1271+£729 1399 0877

(ml)

Values are the mean =+ standard deviation

OLIF Oblique lumbar interbody fusion, PETD Percutaneous endoscopic
transforaminal discectomy, MIS-TLIF Minimally invasive transforaminal lumbar
interbody fusion

" p<0.05, statistical significance

With the extension of time, the decrease was greater
in the OLIF 4+ PETD group, and the VAS score in the
OLIF+ PETD group was lower than that in the MIS-
TLIF group at 7 days after operation and at the last
follow-up (P<0.05). There was no significant differ-
ence between groups (F=3.359, P=0.082, Table 2).
There was no interaction between ODI index time and
group (F=1.185, P=0.327), and there was no signifi-
cant difference between groups (F=0.674, P=0.421,
Table 2).

Table 2 Clinical outcomes
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There were significant differences in JOA scores at each
time point in the OLIF4+PETD group and MIS-TLIF
group (P<0.001). There was no interaction between time
and group (P>0.05). There was no significant difference
in JOA score between the two groups (P>0.05, Table 2).
There was no significant difference in the improvement
rate of JOA score 7 days after operation and the last fol-
low-up between the two groups (P>0.05, Table 2).

Degree of lumbar multifidus muscle injury

At the last follow-up, the rate of lumbar multifidus mus-
cle atrophy in the OLIF+PETD group was 4.1+0.5%
and that in the MIS-TLIF group was 20.8 +3.6%, and the
difference was statistically significant (P<0.001, Table 3).

Radiological evaluation

The lateral X-ray films of lumbar showed that there were
significant differences in the DH at each time point in the
OLIF+PETD group or MIS-TLIF group (F=280.363,
P=0.000); there was an interaction between time and
group (F=16.836, P=0.000), and the increase in DH
was greater in the OLIF+PETD group with the pas-
sage of time (Fig. 7). There were statistically significant
differences between the two groups. The DH in the
OLIF 4+ PETD group was higher than that in the MIS-
TLIF group 7 days after the operation, but there was no
significant difference before the operation and at the last
follow-up (P>0.05, Table 4). The difference in LA at each
time point in the OLIF 4+ PETD group or MIS-TLIF group
was statistically significant (F=128.416, P=0.000); there
was an interaction between time and group (F=1.930,
P=0.173); and there were no statistically significant dif-
ferences between the two groups (F=0.342, P=0.565,
Table 4). The difference in FSA at each time point in the

OLIF +PETD MIS-TLIF Statistic

Pre VAS 72408 71+£07 time F=737.969, P=0.000

Post VAS* 24405 31407 time*group F =5.330, P=0009
group F=3.359, P=0.082

F/UVAS 09+06 16+0.7

Pre ODI 775115 747 £5.7 time F=549.758, P=0.000

Post ODI 16464 209449 time*group F=1.185, P=0.327
group F=0.674, P=0421

F/U ODI 98+23 121140

Pre JOA 92+19 87+£19 time F=630.159, P=0.000

Post JOA 182420 184417 time*group F=0410, P=0.666
group F=0.330,P=0.572

F/U JOA 252+£09 248+£09

Pre—Post improvement (%) 454497 478+82 t=—=0.654,P=0.520

Pre—F/U improvement (%) 805+£58 790x44 t=0.711,P=0485

Values are the mean =+ standard deviation

VAS Visual analog scale, ODI Oswestry Disability Index, JOA Japanese Orthopedic Association, Pre Pre-operation, Post 7 days after operation, F/U Final follow-up

#P<0.05 OLIF +PETD group vs MIS-TLIF group
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Table 3 Multifidus atrophy rate at the last follow-up

MF-CSA Atrophy rate (%)
Pre F/U* Pre—F/U*
OLIF +PETD 77411 74411 41405
MIS-TLIF 79412 62408 208436
P 0.740 0.007 0.000

Values are the mean + standard deviation

MF-CSA Multifidus muscle cross-sectional area, Pre Pre-operation, F/U Final
follow-up

" P<0.001 OLIF -+ PETD group vs MIS-TLIF group
#P<0.05 OLIF 4-PETD group

OLIF +PETD group or MIS-TLIF group was statistically
significant (F=72.579, P=0.000); there was an interac-
tion between time and group (F=11.955, P=0.000), and
the decrease in FSA was greater in the MIS-TLIF group
with the passage of time (Fig. 7). There were statistically
significant differences between the two groups (F=5.069,
P=0.036). The FSA in the OLIF+PETD group was
higher than that in the MIS-TLIF group 7 days after the
operation and at the last follow-up, but there was no sig-
nificant difference before the operation (P> 0.05, Table 4).

According to lumbar CT measurements, there were
statistically significant differences in bilateral FH and
F-CSA at each time point in the MIS-TLIF group or
OLIF+PETD group (P<0.001); there was no interac-
tion between time and group (P>0.05); and there was no
significant difference between the two groups (P> 0.05,
Table 4).

Lumbar MRI measurements showed that there were
statistically significant differences in SSCD, ASCD and
SC-CSA at each time point in the MIS-TLIF group or
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OLIF+PETD group (P<0.001); there was no interac-
tion between time and group (P> 0.05); and there was no
significant difference between the two groups (P>0.05,
Table 4).

Degree of interbody fusion at last follow-up

At the last follow-up, 1 case in the OLIF+PETD group
was BSF-1 grade (without fusion), and the fusion rate
was 90%. In the MIS-TLIF group, 1 case was BSF-1 grade
(without fusion), and the fusion rate was 91.7%. There
was no significant difference in the fusion rate between
the two groups (P>0.05, Table 5). The fusion degree of
a patient with OLIF+PETD at the last follow-up was
shown in Fig. 8.

Complications

One of the 22 patients had postoperative complications.
The patient had low back pain combined with radiating
pain in the left lower limb for two years, was diagnosed
with LDH combined with lumbar instability (L, ) and
was treated by OLIF+PETD in our hospital. The lower
back pain and radiating pain in the left lower extremity
were relieved after the operation, but numbness in the
lower extremities still existed, and left thigh weakness and
discomfort in the front of the thigh appeared. It was con-
sidered to be caused by intraoperative stretching of the
psoas major muscle. The patient was given symptomatic
treatment, such as nutritional nerve, anti-inflammatory
and analgesic drugs, and asked to take the initiative to
perform lower limb functional exercise in bed. The above
symptoms disappeared after one week. One year after the
operation, the symptoms of pain and numbness were sig-
nificantly relieved in the outpatient follow-up.
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Fig. 7 The trend of DH and FSA in the OLIF 4+ PETD group and MIS-TLIF group
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Table 4 Radiological outcomes

OLIF+PETD MIS-TLIF Statistic

Pre DH 87412 85411 time F = 280.363, P=0.000
Post DH* 153+16 128412  time*group F=16836,
P=0.000
F/U DH 129417 116%13  group F=5547, P=0030
Pre LA 362477 356432  timeF=128416,P=0000
Post LA 505459 481442 g“_“%*?;gup F=1930,
F/U LA 441448 437433 goupF=0342, P=0565
Pre FSA 196435 199426  time F=72579, P=0.000
PostFSA* 168425 138412 g“_“%*gégup F=11955,
F/U FSA* 176426 150£12 groub F=5069, P=0036
Pre RFH 99411 98+19 time F = 195.346, P=0.000
Post RFH 145+18 155412 ET%*%ZUP F=2111,
F/U RFH 137416 141206 group F=0737, P=040]
Pre LFH 103413 98419 time F = 74.970, P=0.000
Post LFH 148419 146408 ET%*gégup F=0.125,
F/U LFH 137414 136210 group F=0262, P=0614
PreRF-CSA 7324121 7664125  time F=146.079, P=0.000
PostRF-CSA 1297474  1365+128 ET%*gEUP F=0454,
FAURF-CSA 1237467  1276£79  group F=2365, P=0.140
PreLF-CSA  795+129  807+£166  time F=74409, P=0000
Post LF-CSA 14331182 13424161 tme*group F=1.204,
13104186 P=0322
F/U LF-CSA 12674138 o0 F=0601, P=0447
PreSSCD 86419 85+16 time F =83.034, P=0.000
PostSSCD  13.94£1.0 136410 ET%*%CZ’UP F=0.104,
FAUSSCD 1314111 129408 gioup F=0526, P=0477
PreASCD  45+16 55415 time F=161.466, P=0.000
PostASCD 122417 127407 g”_”%*gg?p F=0.257,
FAUASCD 1134111 120412 gioup F=3260,P=0086
PreSC-CSA  805+195 7694129  time F=101.684, P=0000
Post SC-CSA  15064+184 1453141 ET%*%%UP F=0532,
F/USC-CSA 14354211 1344133

group F=1.312,P=0.266

Values are the mean =+ standard deviation

DH Disc height, LA Lumbar lordosis angle, FSA Fusion stage angle, RFH Right
foraminal height, LFH Left foraminal height, RF-CSA Right foraminal cross
section area, LF-CSA Left foraminal cross section area, SSCD Sagittal spinal canal
diameter, ASCD Axial spinal canal diameter, SC-CSA Spinal canal cross-sectional
area, Pre Pre-operation, Post 7 days after operation, F/U Final follow-up
*P<0.001 OLIF 4 PETD group vs MIS-TLIF group

#P<0.05 OLIF 4 PETD group vs MIS-TLIF group

Table 5 Fusion rate at last follow-up

BSF grading Fusion rate(%)
BSF-1 BSF-2 BSF-3 Total
OLIF+PETD 1 7 2 9/10(90%)
MIS-TLIF 1 8 3 11/12(91.7%)
P 0.714

BSF-2 and above are considered to indicate bony fusion
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Discussion

In recent years, the methods of spinal fusion have increased,
and minimally invasive technology (MIS) is booming in the
field of spinal surgery to reduce tissue damage and pain. For
example, XLIF allows restoring the sagittal and the coronal
alignments, enlarging the nerve roots foramina, and provid-
ing higher stability that leads to that leads to posterior fusion
of the lumbar facets [10]. MIS-TLIF was first proposed by
Foley [11], which reduces the traction and injury of paraspi-
nal muscles caused by conventional posterior lumbar sur-
gery and reduces the incidence of complications related to
the open surgical approach. Recently, however, Zhao [4] et
al. reported that there was no significant difference in the
VAS score and ODI index one month after MIS-TLIF com-
pared with open TLIF, which was also proven by Li [3] et al.
This may be because MIS-TLIF does not substantially avoid
injury to the lumbar multifidus muscle. During the opera-
tion, the compression of the channel and long-term trac-
tion caused damage to the capillaries in the muscle, caused
obvious ischemic changes, and aggravated the injury of the
multifidus muscle [12]. The OLIF avoids the dissection of
back muscles and damage to the bone structure by access-
ing the lumbar disc through the space between the aorta
and psoas muscle and ensures the stability of the posterior
column structure. This study shows that the rate of multi-
fidus muscle atrophy at the last follow-up in the MIS-TLIF
group was 20.8+3.6% and that in the OLIF+PETD group
was 4.1+£0.5%, so OLIF+PETD can avoid injury to the
multifidus muscle during surgery. He [13] et al. also dem-
onstrated that PPSF caused atrophy of the multifidus and
erector spinae. Meanwhile, the VAS score of low back pain
in the OLIF+PETD group was 2.4£0.5 at 7 days after the
operation and 0.940.6 at the last follow-up, which were sig-
nificantly lower than those in the MIS-TLIF group.

The OLIF is suitable for patients who need to re-
establish intervertebral stability and restore interver-
tebral space height, among which lumbar instability is
a good indication. The larger fusion cage used by OLIF
can obtain a larger contact area with the endplate and
better stability than the fusion cage used by MIS-TLIFE.
By effectively restoring the intervertebral space height,
the posterior ligament and soft tissue are tightened
and the displacement of the vertebral body is reduced.
At the same time, indirect decompression is achieved
by expanding the intervertebral space height and the
intervertebral foramen area. However, due to the lim-
ited decompression effect, its application is limited.
The PETD can remove the protruded or free lumbar
intervertebral disc tissue and enlarge the intervertebral
foramen under direct endoscopic vision by inserting the
working channel directly into the spinal canal through
the intervertebral foramen approach. The intervertebral
foramen approach also has many advantages, such as
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Fig. 8 A 68-year-old male patient in the OLIF 4+ PETD group was diagnosed with L, s lumbar disc herniation and lumbar instability. A Preoperative
lumbar hyperextension and flexion radiographs showed lumbar instability. B Lumbar lateral X-ray 7 days after operation. C Lateral lumbar X-ray

16 months after surgery. D Lumbar CT at the last follow-up showed a completely continuous trabecular bone connecting the upper and lower
endplates of the vertebral body in or outside the fusion cage (BSF-3)

protection of the posterior ligament and bone structure,
less postoperative instability, facet joint disease and nar-
rowing of the intervertebral space [14]. In addition, there
is no chronic neuro edema or fibrosis that may be caused
by interference with the epidural venous system. Epi-
dural scar formation occurs in more than 10% of patients
after open discectomy; however, this common sequela,
which can lead to clinical symptoms, was not observed
in PETD [15]. Therefore, PETD combined with OLIF
can effectively ensure the effect of decompression and
has significant advantages in small incision, low risk of
postoperative trauma, short hospital stay and less blood
loss [6, 16]. Recently, Yang [17] et al. retrospectively ana-
lyzed 19 patients with adjacent segment degeneration
who were treated with PETD + OLIF or PLIF. The results
showed that the PETD + OLIF group had a shorter oper-
ation time, less intraoperative bleeding and the lower
postoperative VAS score.

Stand-Alone OLIF only uses a fusion cage without inter-
nal fixation. Biomechanical experiments show that sub-
sidence of the lateral fusion cage easily occurs in the later
stage of follow-up [18]. Tempel [19] et al. retrospectively
analyzed 297 patients who underwent stand-alone OLIF
and found that the application of a lateral fusion cage
combined with internal fixation could further increase
the stability of fusion. PPSF is routinely used in MIS-TLIF
and OLIF techniques, and they are considered to be the
standard internal fixation methods for the strongest spi-
nal fixation [20, 21]. However, this kind of internal fixa-
tion will increase the total operation time and expenditure
of patients [22]. Although it has been reported that plac-
ing pedicle screws in a lateral recumbent position can
reduce the operation time, the risks outweigh the benefits

[23]. The injury of paraspinal muscles caused by posterior
fixation greatly also reduces the attractiveness of pedicle
screw fixation. Liu [24] reported that OLIF combined
with lateral vertebral screw fixation greatly reduced the
operation time, intraoperative blood loss, radiation expo-
sure and soft tissue injury and achieved one-stage inter-
body fusion through a single incision.

Recently, Xu [25] reported LSF after microsurgical
nerve decompression via the OLIF approach, and the
clinical effect was good. Wang [26] et al. reported that
OLIF combined with LSF can correct both coronal and
sagittal deformities in patients with moderate degenera-
tive spinal deformities. Huang [27] et al. reported that
compared with MIS-TLIF, OLIF significantly improved
the VAS and ODI of patients with single-segment lum-
bar degenerative diseases and had significant advantages
in the recovery of segmental lordosis and coronal imbal-
ance. The results of this study showed that the clinical
efficacy of the two groups was significantly improved
7 days after the operation, and the last follow-up VAS
score, ODI index, JOA score and improvement rate were
significantly improved. In addition, during the postop-
erative follow-up, the VAS score of the OLIF+PETD
group was lower than that in the MIS-TLIF group, and
injury to the multifidus muscle was avoided, indicating
that OLIF+PETD has practical clinical value in clinical
efficacy. X-ray results showed that although there was
no significant difference in DH between the two groups
at the last follow-up, OLIF’s unique interbody fusion
cage had certain advantages in the improvement of DH
immediately after operation. Meanwhile, the CT and
MRI results showed that the bilateral FH, F-CSA, SSCD,
ASCD and SC-CSA were significantly improved 7 days
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after the operation and at the last follow-up, which also
showed that the decompression effect of OLIF+PETD
was similar to that of MIS-TLIF. With regard to the
effect of fixation and fusion, the finite element analysis of
Guo [21] based on a three-dimensional scanning model
showed that the ability of lateral screw-rod internal fixa-
tion to limit the isotropic range of motion of lumbar ver-
tebra was less than that of pedicle screws but better than
stand-alone OLIF, especially in the direction of flexion
and extension, while the improvement of cage stress by
the lateral screw-rod technique was not as good as that of
the pedicle screw technique but was significantly better
than that of stand-alone OLIF. The results of this study
showed that compared with the PPSF used by MIS-TLIF,
the LSF used by OLIF +PETD had a less significant effect
on the improvement of the FSA at 7 days after operation
and at the last follow-up. This may be due to the lack
of sagittal stability and the ability to restore the normal
sequence provided by LSF, but the fusion rate reached
90% at the last follow-up, which proves that it can guar-
antee the fusion rate. Furthermore, in patients with lum-
bar deformities, the effect of these surgical correction on
spinopelvic or lumbo-pelvic-femoral parameters should
also be considered, such as Pelvic Index (PI), Pelvic Tilt
(PT), Sacral Slope (SS), Sagittal Vertical Axis (SVA), Fem-
oral Obliquity Angle (FOA) and T1 Pelvic Angle (TPA)
[28], which could be important prognostic parameters
for predicting disability and quality of life after spinal
surgery.

In clinical application, it should be noted that
although LSF takes into account both preserving the
range of motion and improving the stress of the fusion
cage to reduce the possibility of subsidence, in terms of
the stability of the operative segment, LSF may be suit-
able for patients with normal bone mineral density and
body mass index. In addition, in the process of screw
placement, the tail of screws should be avoided to pro-
trude the bone surface of the vertebral body, which may
cause complications caused by peripheral vasculature,
nerve injury and chronic stimulation of the psoas major
muscle. Minimally invasive techniques are commonly
used in lumbar tumor surgery [29]. Compared with
open posterior instrumented fusion (OPIF), PPSF has
fewer complications, lower infection rate, less intraop-
erative blood loss and shorter hospital stay [30]. There-
fore, MIS-TLIF may be used for neuro-decompression
and lumbar fusion to alleviate clinical symptoms
in patients with Epidural Spinal Cord Compression
(ESCC) grade 3 and underlying clinical or radiographic
instability [29]. Telera [31] reported that OLIF can
reduce the tissue trauma of patients, and achieve cor-
pectomy and solid reconstruction of lumbar vertebral
bodies. However, OLIF combined with LSF still needs

Page 11 of 12

further clinical studies. Moreover, compared with
MIS-TLIF, OLIF 4+ PETD can be used in patients with
a history of posterior lumbar surgery, including open
laminectomy and lumbar structural deformities, and
the skin of the back is not suitable for posterior surgery.
Under the premise of not increasing the operation time,
a good surgical effect was achieved.

Limitations

The limitations of this study are as follows: (D the num-
ber of cases is small, and a larger sample size is needed
to study and demonstrate; @ the follow-up time is short,
and the long-term effect still needs further clinical study.
@ all the cases come from a single medical center, which
may cause some limitations; @ without finite element
analysis and evaluation, the stability of biomechanics still
needs to be further studied.

Conclusion

In summary, OLIF-PETD and MIS-TLIF can achieve sat-
isfactory clinical results in the treatment of LDH with
lumbar instability. However, compared with MIS-TLIF,
OLIF-PETD has a smaller incision, less damage to the
posterior bony structure, ligaments and muscles of the
lumbar spine, relieves postoperative chronic low back
pain, and has certain advantages in intervertebral space
stretching. Therefore, OLIF-PETD may be an alternative
choice for the treatment of LDH with lumbar instability.
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