Xue etal. , Journal of Orthopaedic
Journal of Orthopaedic Surgery and Research (2021) 16:696

https://doi.org/10.1186/5s13018-021-02841-4 Surgery and Resea rCh

RESEARCH ARTICLE Open Access

. . )
Lumbar degenerative disease treated Gl

by percutaneous endoscopic transforaminal
lumbar interbody fusion or minimally invasive
surgery-transforaminal lumbar interbody fusion:
a case-matched comparative study

You-Di Xue'", Wen-Bo Diao?’, Chao Ma' and Jie Li""

Abstract

Purpose: This study aimed to evaluate the clinical efficacy and imaging results of percutaneous endoscopic transfo-
raminal lumbar interbody fusion (PETLIF) through comparing it with minimally invasive surgery-transforaminal lumbar
interbody fusion (MISTLIF).

Materials and methods: We performed a retrospective analysis on patients with lumbar degenerative disease
treated by PETLIF or MISTLIF from September 2017 to January 2019, and the patients were divided into two groups:
the PETLIF group and the MISTLIF group. The clinical and imaging parameters of the two groups were evaluated.

Results: There was no significant difference between the two groups in complication rate. The operative time in

the PETLIF group was significantly less than that in the MISTLIF group. Compared with those before operation, the
postoperative VAS-L and VAS-B scores were significantly improved after operation in the both groups. In addition,
the postoperative VAS-B score of the PETLIF group was significantly lower than that of the MISTLIF group. At the last
follow-up, there was no significant difference between the two groups in the VAS-L score, VAS-B score, ODI score, and
bony fusion rate.

Conclusions: Both PETLIF and MISTLIF could achieve satisfactory clinical outcomes in the treatment of lumbar
degenerative disease, but our study suggested that PETLIF had less damage, rapid recovery after operation, and short
discharge time.

Keywords: Percutaneous endoscopic transforaminal lumbar interbody fusion, PETLIF, Minimally invasive surgery-
transforaminal lumbar interbody fusion, MISTLIF, Degenerative lumbar disease, Spinal surgery

Introduction

Spinal endoscopic surgery, as a minimally invasive sur-
*Correspondence: 1ij47421256@163.com P P 8 .Y . Y
You-Di Xue and Wen-Bo Diao contributed equally to this work and share gery, has developed rapidly in recent years. The tech-
the first authorship niques of endoscopic decompression and discectomy
DepartmentofOrthopaedm;,Xu;hou Centra\Hqspna\,Xuzhou Clwﬁ!ca\ have been fully developed and widely used for the
School of Xuzhou Medical University, Xuzhou Clinical College of Nanjing . Lo .
Medical University, 199 Jiefang South Road, Xuzhou 221009, Jiangsu treatment of lumbar disc herniation and lumbar spi-
Province, People’s Republic of China nal stenosis [1]. However, the spinal canal decompres-

Full list of author information is available at the end of the article sion for the treatment of some diseases such as lumbar

©The Author(s) 2022, corrected publication 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0
International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes

were made. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To
view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver
(http//creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a
credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13018-021-02841-4&domain=pdf

Xue et al. Journal of Orthopaedic Surgery and Research (2021) 16:696

spondylolisthesis, lumbar instability and intractable
back pain still cannot achieve satisfactory clinical out-
comes. It is considered that the restoration of spinal
alignment and the reconstruction of spinal stability via
lumbar spinal fusion are necessary for excellent long-
term clinical outcomes of these diseases. Lumbar spi-
nal fusion has been used for hundreds of years, and it
can rebuild the spinal stability while decompressing
spinal canal stenosis. Posterior lumbar fusion sur-
gery, as the earliest surgical method of spinal fusion, is
widely used, but it will inevitably cause ligaments and
facet joints damage, and in addition extensive soft tis-
sue dissection usually occurs, with slow recovery and
substantial complications. In order to reduce iatro-
genic injuries and complications, various improved or
new techniques have emerged one after anther, such as
transforaminal lumbar interbody fusion, anterior lum-
bar interbody fusion, oblique lumbar interbody fusion,
and extreme lateral interbody fusion [2], and they are
committed to achieve fusion and nerve decompression
with minimal surgical trauma and preserving normal
tissue structure. Percutaneous endoscopic interbody
fusion through transforaminal approach is a minimally
invasive surgery based on the spinal endoscopic tech-
nique. At present, several studies have suggested that
this technique can significantly reduce surgical trauma
and blood loss, with short hospital stay and quick
recovery [3-5].

This study compared the clinical efficacy, imaging
data, and functional results of percutaneous endoscopic
transforaminal lumbar interbody fusion (PETLIF) with
those of minimally invasive surgery-transforaminal
lumbar interbody fusion (MISTLIF) to evaluate the
clinical outcomes of PETLIF.

Materials and methods

This study was conducted in accordance with the dec-
laration of Helsinki. This study was conducted with
approval from the Ethics Committee of Xuzhou Central
Hospital. Written informed consent was obtained from
the participants. This paper was prepared guided by the
STROBE checklist (Additional file 1).

Sample size calculation

The calculation of sample size was based on the prelim-
inary results of this study. The intraoperative bleeding
of the single-segment MISTLIF was 150 ml, and that of
the single-segment PETLIF was 70 mL. The value of a
was set to 0.05, and the power to 0.80. When the sam-
ple size of each group was 20, the difference between
the two groups was statistically significant.
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Inclusion criteria

Cases with single-segment degenerative diseases of the
lumbar spine were confirmed by imaging examinations,
including first-degree degenerative lumbar spondylolis-
thesis, lumbar disc herniation combined with lumbar
instability, and lumbar spinal stenosis; cases signed the
informed consent to participate in the study; cases had
complete clinical and imaging data; cases were followed
up for at least 12 months.

Exclusion criteria

Cases experienced severe central spinal stenosis, spon-
dylolisthesis of degree II or higher, severe osteoporosis,
a history of lumbar spine surgery, other neurological dis-
eases, or mental abnormalities; cases did not have com-
plete clinical or imaging data; cases were followed up for
less than 12 months.

Subjects

From September 2017 to January 2019, our department
used PETLIF to treat 20 patients with lumbar degen-
erative disease. All these patients completed at least
12 months of follow-up and were included in the PETLIF
group of this study. At the same time, another 83 patients
with lumbar degenerative disease were treated by MIS-
TLIF in our department, of which the 20 cases, match-
ing with the PETLIF group in age, sex, course of disease,
and affected level, were included in the MISTLIF group
of this study.

Evaluating indicators

The following data of the PETLIF group and the MIST-
LIF group were recorded: surgical segment, operation
time, estimated blood loss, total incision length, compli-
cations, and hospital stay. The visual analog scale (VAS)
was used to evaluate low back pain (VAS-B) and leg pain
(VAS-L), and the Oswestry Disability Index (ODI) was
used to evaluate the clinical outcomes of the two groups.
The VAS-B score, VAS-L score, and ODI score were
compared between the two groups before the operation,
after the operation, at the 12-month follow-up, and at the
last follow-up, respectively. Radiographic examinations
included lumbar X-ray films, and lumbar three-dimen-
sional computed tomography scans (3D-CT). The X-ray
films were performed before surgery, after surgery, at the
12-month follow-up, and at the last follow-up; mean-
while, 3D-CT scans were performed at 12 months after
surgery and at the last follow-up.

According to the interbody fusion criteria introduced
by Proietti et al. [6] and Berjano et al. [7], the interbody
fusion was obtained when one or more bony bridges were
present in the intervertebral space confirmed by 3D-CT
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in this study. The pseudarthrosis was identified when the
bone bridge was absent, no bone graft was visible in the
cage, and radiolucency was seen at interfaces, or bone
resorption surrounding the cage or the screws.

Surgical technique

In the PETLIF group, patients received general anesthe-
sia and turned to the prone position on the radiolucent
operative bed. Under the image intensifier, the working
channel was constructed according to the Kambin prin-
ciple, and the spinal endoscopy was implanted. Then in
order to enlarge the intervertebral foramen, the facet
joint was confirmed and partial superior facetectomy
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was performed. The ligamentum flavum was removed,
and the dural sac and nerve roots were exposed and
protected. Then, the nucleus pulposus and cartilage
endplate were removed (Fig. 1A), and a percutaneous
titanium cage filled with a mixture of the autologous
and allogeneic bone was implanted in the interverte-
bral space through the endoscopic tube (Fig. 1B, C).
After hemostasis, the nerve tissue and the cage were
observed again, the instruments were pulled out, and
the wound was sutured. Finally, a minimally invasive
spinal internal fixation system was used to insert percu-
taneous pedicle screws, and the incisions were sutured
layer by layer (Fig. 1D).

good implantation of cage. D Skin incisions for the PETLIF procedure

Fig. 1 A Intraoperative endoscopic image shows excellent bone graft bed in the intervertebral space. B The mixture of autogenous bone and
allograft bone has been prepared for bone graft. C Intraoperative endoscopic image shows decompression of central canal and lateral recess, with
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The preoperative preparations in the MISTLIF group
were the same as those in the PETLIF group. Under
the image intensifier, the operative level was confirmed
and the position of the pedicle on the body surface was
marked. A longitudinal incision on the symptomatic side
was made about 3—-5 cm from the middle line between
the caudal and the cranial pedicle at the affected level.
The space between longissimus and multifidus was
separated by sequential dilation to expose the vertebral
laminae and the facet joint. Then, the decompression
procedure was performed using osteotome and Ker-
rison rongeurs, and the nerve roots were exposed and
protected. After the intervertebral space was prepared, a
titanium cage filled with autologous bone and allogeneic
bone was implanted in the intervertebral space. Under
the guidance of fluoroscopy, the percutaneous minimally
invasive pedicle screw insertion procedure was per-
formed. Finally, the drainage was placed, and the incision
was sutured layer by layer.

Postoperative management

All patients in the both groups received prophylactic
antibiotics for 24 h after operation. The patients in the
PETLIF group were discharged from the hospital on the
second day after operation, and their off-bed activities
began as early as 6 h after operation. In the MISTLIF
group, the drainage tube was removed 24—48 h after sur-
gery, and the patients were allowed to be ambulant and
discharged from the hospital.

Statistical analysis

SPSS11.0 was used for statistical analysis, the quantita-
tive data were analyzed by T test, and the qualitative data
were analyzed by Chi-square test. If the P value was less
than 0.05, the difference was considered to be statistically
significant.

Results

In the PETLIF group, there were 11 males and 9 females,
with an average age of 46.3 years old (ranging from 26
to 67 years old), 6 cases with L3-4 involvement, and 14
cases with L4-5 involvement. In the MISTLIF group,
there were 12 males and 8 females, with an average age
of 47.1 years (ranging from 28 to 64 years), 5 cases with
L3-4 involvement, and 15 cases with L4-5 involvement.
There were no statistical differences in the demographic
data and the involvement level between the two groups
(Table 1).

The average follow-up time was 16.1+6.3 months
(ranging from 12 to 23 months) in the PETLIF group
and 15.8 7.2 months (ranging from 13 to 24 months)
in the MISTLIF group; the average operation time
was 140.3+35.6 min in the PETLIF group and
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Table 1 Demographic and baseline characteristics of all patients

Items The PETLIF The MISTLIF P value
group (n=20) group (n=20)
Age (years) 463+17.2 484+136 0.763
Sex 0.539
Male 11 12
Female 9 8
Disease course (months) 274487 282463 0.571
Disease level 0.942
L3-4 6 5
L4-5 14 15

170.6 +-54.8 min in the MISTLIF group; the estimated
blood loss was 65.6 +15.3 ml in the PETLIF group and
140.5+21.5 ml in the MISTLIF group. The operation
time and estimated blood loss in the PETLIF group
were significantly less than those in the MISTLIF group
(Table 2).

In the PETLIF group, the average VAS-B score was
7.3£1.2 before surgery, which significantly decreased
to 2.3+£0.9 (p=0.000) after surgery and to 1.9+1.1
(p=0.000) at the last follow-up, and the average VAS-L
score was 7.2£0.8 before surgery, which significantly
decreased to 2.84+1.0 (p=0.000) after surgery and to
1.7+1.2 (p=0.000) at the last follow-up. In the MIST-
LIF group, the average VAS-B score was 7.0 0.8 before
surgery, which significantly decreased to 4.1+1.2
(p=0.000) after surgery and to 1.8+£0.7 (p=0.000) at
the last follow-up, and the average VAS-L score was
7.2+ 1.1 before surgery, which significantly decreased
to 2.71+0.6 (p=0.000) after surgery and to 1.6+0.9
(»p=0.000) at the last follow-up. The VAS scores before
surgery and at the last follow-up were very similar in
the both groups; however, the postoperative VAS-B
score in the PETLIF group was significantly lower than
that in the MISTLIF group (p=0.000). The average
ODI score of the PETLIF group significantly improved
from 85.1+7.3 before surgery to 41.7+9.8 at the
3-month follow-up and to 30.4+7.3 at the last follow-
up (p=0.000). The average ODI score of the MISTLIF
group significantly improved from 84.448.3 before
surgery to 45.5+11.3 at the 3-month follow-up and to
31.5+7.8 at the last follow-up (p=0.000). There was
no statistically significant difference between the two
groups at each follow-up point (Table 3).

According to the interbody fusion criteria introduced
by Luca Proietti and Pedro Berjano, at the 12-month
follow-up, 18 of 20 patients in the PETLIF group
achieved bone fusion, with the fusion rate of 90%, while
17 of 20 patients in the MISTLIF patients achieved
bone fusion, with the fusion rate of 85%. All patients in
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Table 2 Surgical- and clinical-related data of both groups

The PETLIF group The MISTLIF group P value
(n=20) (n=20)
Operation time (min) 140.3+356 170.6+£54.8 0.000
Estimated blood loss (ml) 6564153 14054215 0.000
Total incision length (cm) 53+08 78423 0.000
Length of stay (d) 24+16 4521 0.000
Follow-up time (months) 16.14+6.3 158472 0.931

Table 3 Preoperative and postoperative outcomes of VAS and ODI scores for both groups

The PETLIF group The MISTLIF group P value
(n=20) (n=20)
VAS-B
Preoperative 73£12 70+08 0.847
Postoperative 234+09 41+£12 0.000
3-month postoperative 21£09 23£1.1 0.529
At the last follow-up 19+1.1 18407 0.731
VAS-L
Preoperative 72+08 7211 0.692
Postoperative 28+10 27106 0.739
3-month postoperative 20£13 1.9£06 0.581
At the last follow-up 17412 16+09 0.216
oDl
Preoperative 85.1£73 844+£83 0.539
3-month postoperative 41.7+£98 455£113 0213
At the last follow-up 304473 315+78 0.192
A B C D

Fig. 2 A 54-year-old male with L4-5 spinal canal stenosis, who was treated with percutaneous endoscopic transforaminal lumbar interbody fusion
and percutaneous pedicle screw fixation. A Preoperative lateral radiograph (A) and MRI (B) show degenerative spondylolisthesis and canal stenosis
with narrowed disc space at L4-5. C Postoperative lateral radiograph shows excellent screws and cage location with improved disc space height. D
Sagittal CT obtained at the last follow-up duration (15 months after operation) shows interbody bony fusion
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the two groups obtained bone fusion at the last follow-
up (Fig. 2A-D).

In the MISTLIF group, two patients experienced
hypoesthesia of the lower extremity innervation, and
their symptoms were relieved after treatment. For them,
one’s symptoms were relieved at the one-month follow-
up, and the other one’s symptoms disappeared at the
3-month follow-up duration. One patient underwent
cerebrospinal fluid leakage after operation, requiring
prolonged duration for extubation, and body position
change. In addition, one patient had delayed incision
healing without superficial infection.

In the PETLIF group, two patients had headaches
after surgery, of whom one with mild symptom achieved
complete relief after oral administration of nonsteroidal
anti-inflammatory drugs, and the other one had a severe
headache, with a high-density shadow in part of the sul-
cus and cistum observed from the brain CT, thereby
being diagnosed with subarachnoid hemorrhage and
without intracranial aneurysm, vascular malformation
and venous thrombosis confirmed by magnetic reso-
nance angiography (MRA) of the brain. The latter was
treated with bed rest, analgesia, mannitol, and nimodi-
pine, and the symptoms were alleviated. Three months
after the operation, the CT scan showed the hematoma
was completely absorbed.

Discussion

Lumbar spinal fusion is the most common treatment
method of lumbar spine disorders. From the early pos-
terolateral fusion, various spinal fusion procedures
have gradually appeared. On the one hand, the continu-
ous improvements of surgical procedures suggest the
deeper understanding of the anatomical structure and
the instrument improvement; on the other hand, it also
shows that there is no ideal fusion technique at present.
Posterior lumbar interbody fusion (PLIF) surgery could
achieve interbody spinal fusion while decompressing the
spinal canal directly and thoroughly. However, PLIF can
bring great damage to the paravertebral soft tissue and
bone structure and can greatly interfere with dural sac
and nerve roots. TLIF can reduce the iatrogenic injuries
and avoid excessive traction on nerve tissue. However,
for the TLIF, most of the ipsilateral facet joints and liga-
mentum flavum need to be removed before decompres-
sion and implantation of the fusion cage. ALIF, OLIF, and
LLIF entering intervertebral space from the lateral or
anterior side can avoid the destruction of posterior mus-
cles and osseous structures, without encroaching on the
spinal canal. However, the spinal surgeons are not famil-
iar with the anatomical structure, and thus, the injuries of
the important organs, such as the abdominal cavity and
large blood vessels, might occur during the operation [8].
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The decompression of these procedures is indirect, with
limited indications, and sometimes it might be necessary
to change the body position to obtain auxiliary pedicle
screw fixation. In 2002, Foley et al. [9] proposed MIST-
LIF to reduce the damage of muscle and bone structure.
This technique uses a dilation system to establish a surgi-
cal access through the intramuscular space, and then, the
decompression and interbody fusion are performed from
the intervertebral foramen. However, the working chan-
nel is long and narrow, the anatomical structure is diffi-
cult to identify, and the operation might be inconvenient,
so the early learning curve is steep, and the incidence of
complications is high. Nerve injuries, surgical site infec-
tion, hematoma, and the leakage of cerebrospina are
complications commonly reported in the literature [10].
In addition, muscle atrophy and ischemic necrosis might
occur due to the continuous squeezing of the working
channel [11]. In recent years, the spinal endoscopy has
been widely used in the lumbar spine and achieved sat-
isfactory clinical outcomes. Besides, some surgeons have
begun to perform lumbar fusion under the endoscope [3,
4, 12] and have achieved satisfactory clinical outcomes.

In this study, the two groups both achieved satisfactory
clinical results, and there were no serious complications
in the interbody fusion, indicating that these two types
of procedures were safe and effective in the treatment of
lumbar degenerative diseases.

The average length of hospital stay in the PETLIF group
(2.4 days) was shorter than that in the MISTLIF group
(4.5 days), with a significant difference, which indicated
that the PETLIF surgery could promote the recovery and
shorten the hospital stay due to less surgical trauma.

The VAS-L score in the two groups significantly
decreased after operation, indicating that PETLIF and
MISTLIF both can achieve complete spinal canal decom-
pression. The VAS-B score in the two groups also signifi-
cantly decreased after operation, but the postoperative
VAS-B score in the PETLIF group was significantly lower
than that in the MISTLIF group, for which the reason
might be that the PETLIF procedure caused less surgi-
cal trauma to the soft tissue and bone structure than the
MISTLIF procedure.

As we all know, bone grafts play an important role in
interbody fusion. Studies [13, 14] suggested that bone
grafts and intervertebral cages should cover at least 30%
of the surface area of the endplate to provide sufficient
stability while allowing early movement. Autologous
bone has always been the gold standard for bone grafts.
Traditional fusion surgery can obtain enough autologous
bone for grafting, but the amount of autologous bone
collected by PETLIF surgery is insufficient, which can-
not meet the needs of intervertebral bone grafting. Vari-
ous sources of bone grafts have already been reported
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in the literature [15]. We implanted bone harvest from
facet joint mixed with allogeneic bone into the cage and
obtained satisfactory bone fusion during the follow-up
period.

Nerve root injury is a serious complication of endo-
scopic surgery, especially the injury of the exiting nerve
roots, which deserves special attention [16]. The interver-
tebral foraminal stenosis and prolonged operation time
are the main risk factors for nerve root injury [17]. Obvi-
ous intervertebral stenosis and level II of spondylolis-
thesis should be regarded as relative contraindications,
and the reduction of intervertebral height and changes
of local anatomical structure result in Kambin triangle
changes, which makes it difficult to establish working
channels and puts the nerve roots in danger [18]. Ana-
tomical studies have shown that the exiting nerve roots
are adjacent to the upper facet joints at the disc level, so
the removal of part facet joint to expand Kambin triangle
is a key step to reduce nerve root injuries [19]. In addi-
tion, the long operation time is another high-risk factor
that leads to nerve injuries. Partial resection of the upper
facet joint can achieve lateral recess decompression while
expanding the surgical channel, which can reduce the
operation time and the risk of nerve damage. Moreover,
skilled surgical techniques can significantly reduce the
operation time and the impact of instruments on the
existing nerve roots.

Postoperative headache is a common complication
of spinal endoscopic procedure. Endoscopic surgery
requires continuous infusion of normal saline into the
spinal canal, which leads to an increase in epidural pres-
sure and changes in cerebrospinal fluid. Higuchi et al.
[20] used MRI to study the degree and duration of com-
pression of the dural sac after the injection of normal
saline into epidural space, and the results showed that
changes in the cerebrospinal fluid (CSF) volume were
related to the volume of normal saline. The compres-
sion degree lasted at least 30 min after saline injection.
Joh et al. [21] measured cervical epidural pressure in
28 patients undergoing spinal endoscopic surgery and
found that with the continuous epidural perfusion, the
epidural pressure continued to rise, and high pressure
was closely related to intraoperative cervical pain. Choi
et al. [22] reported that during spinal endoscopic sur-
gery, elevated epidural pressure can cause cervical pain
and even induce epilepsy. In this study, two patients
had headaches, of which one had mild symptoms, and
the symptoms were relieved after symptomatic treat-
ment, which might be caused by the increased epidural
pressure by the continuous perfusion, and the other
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one had severe headache, which could not be alleviated
by the symptomatic treatment. Brain CT scan showed
high-density shadows in the brain sulcus and cistern,
and MRA excluded the lesions such as intracranial
aneurysm, vascular malformation, and venous throm-
bosis leading to spontaneous intracranial hemorrhage.
Therefore, subarachnoid hemorrhage was considered.
The reasons might be as follows: firstly, after epidural
perfusion of saline, the increased intracranial pressure
might lead to passive expansion and congestion of cer-
ebral blood vessels, which might increase the perme-
ability of blood vessels and blood cell exudation and
eventually induce intracranial hemorrhage; secondly,
after the dural sac is compressed, it might cause the
occlusion of the epidural vein, resulting in increased
intracranial venous pressure, causing the intracranial
vein to dilate and congest and eventually rupture and
hemorrhage.

This study has several limitations. First of all, the sam-
ple size is small and the follow-up time is short. In the
future, clinical observations with multiple centers, large
sample size, and long-term follow-up are needed to eval-
uate the clinical efficacy of PETLIF in the treatment of
lumbar degenerative disease. Secondly, there are many
minimally invasive surgical procedures for lumbar fusion,
including OLIF, ALIF, and other anterior lumbar fusion,
but only MISTLIF was used as the control group in this
study. Therefore, it is necessary to compare with other
procedures in the future. Last but not least, this study is
a retrospective case—control study, and a higher-level evi-
dence is required in the future.

Conclusions

In summary, PETLIF and MISTLIF in the treatment of
lumbar degenerative disease both could achieve satis-
factory clinical outcomes, but our study suggested that
PETLIF had less damage, rapid recovery after opera-
tion, and short discharge time.
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