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Study Design: Retrospective cohort study.
Purpose: Postoperative evaluation of the cross-sectional area of paraspinal muscle and clinical findings in patients who had inter-
laminar route uniportal full endoscopic posterolateral transforaminal lumbar interbody fusion (EPTLIF) after 2 years.
Overview of Literature: There are limited short-term follow-up studies on efficacy, safety, and physiological changes with a 2-year 
follow-up. There is no study on paraspinal muscle cross-sectional area change in patients who had undergone uniportal EPTLIF.
Methods: We evaluated patients who underwent EPTLIF with a minimum 24-month follow-up. Clinical parameters of the Visual Ana-
log Scale (VAS) and Oswestry Disability Index (ODI) were measured at the preoperative, 1-week postoperative mark, postoperative 
3-month mark, and final follow-up. Preoperative and 1-year postoperative magnetic resonance imaging measurement of preoperative 
and postoperative Kjaer grade, right and left psoas muscle mass area, and right and left paraspinal muscle mass area was performed.
Results: EPTLIF with a minimum 24-month follow-up of 35 levels was included. The complication rate was 6%, and the mean 
Bridwell’s fusion grade was 1.37 (1–2). There was statistically significant improvement at 1 week, 3 months, and 2 years in VAS 
(4.11±1.23, 4.94±1.30, and 5.46±1.29) and in ODI (40.34±10.06, 46.69±9.14, and 49.63±8.68), respectively (p<0.05). Successful opera-
tion rate with excellent and good MacNab’s criteria at 2 years was 97%. There was an increment of statistically significant bilateral 
psoas muscle cross-sectional area, right side (70.03±149.1 mm²) and left side (67.59±113.2 mm²) (p<0.05).
Conclusions: Uniportal EPTLIF achieved good fusion and improved clinical outcomes with favorable paraspinal musculature bulk at 
the 2-year follow-up.
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Introduction

The demand for spinal fusion due to the aging population 
is increasing as lumbar spinal fusion outcomes had shown 
favorable results [1-3]. Minimally invasive spinal fusion 
had shown benefits of reduced hospital stay, less blood 
loss, and less perioperative morbidity [4]. Endoscopic 
spine surgery is gaining traction as a minimally invasive 
spine surgery option [5]. Lumbar degenerative spinal 
conditions which require spinal decompression and/or 
discectomy had been described in the literature [6]. There 
is a corresponding increase in describing endoscopic fu-
sion [7,8]. There are two routes of endoscopic fusion, 
Trans-Kambin and posterolateral as described by Heo et 
al. [8] in their review of endoscopic fusion. The unipor-
tal TransKambin approach is typically performed with 
a small diameter uniportal endoscope, with or without 
foraminoplasty. There is foraminal decompression and 
indirect interlaminar decompression during uniportal 
Trans-Kambin fusion. The posterolateral approach can be 
done with a large diameter uniportal stenosis endoscope 
or unilateral biportal endoscopy with both direct forami-
nal and interlaminar decompression as part of the proce-
dure [8]. A posterolateral approach was first performed 
as a biportal endoscopic-assisted posterolateral lumbar 
interbody fusion [9,10]. Kim et al. [11-13] and Wu et al. 
[14] published several reports on uniportal endoscopic 
posterolateral transforaminal lumbar interbody fusion 
(EPTLIF) applications on various degenerative conditions 
using large diameter stenosis endoscope. Psoas and para-
spinal muscle cross-sectional area is correlated to lower 
back pain [15,16]. EPTLIF is a relatively new technique 
with only a short-term follow-up study available. There is 
no literature on the effect of EPTLIF on paraspinal muscle 
area, fatty infiltration, and psoas muscle cross-sectional 
area. We performed a retrospective study to evaluate the 
medium-term results of EPTLIF.

Materials and Methods

1. Indication, inclusion and exclusion criteria

All procedures performed in studies involving human 
participants were in accordance with the ethical stan-
dards of the Nanoori Hospital’s Ethics Committee (NR-
IRB2021-00) and the national research committee and 
with the 1964 Helsinki declaration and its later amend-

ments or comparable ethical standards. All patients had 
given their informed consent for photographs, videos, and 
images for publication.

A prospectively collected data of patients who under-
went single-level EPTLIF was evaluated. We included 
symptomatic patients who suffered lumbar claudication 
and back pain after a minimum of 6 weeks of failed con-
servative treatment with the clinical diagnosis of grade 
2 and below spondylolisthesis and spinal stenosis with 
segmental instability. We excluded patients who had spi-
nal fusion surgery due to trauma, revision surgery, tumor, 
infection, pseudoarthrosis, congenital spinal deformity, 
sagittal malalignment, and coronal deformity with more 
than 20° of the coronal curve. Patient recruitment was 
from June 2018 to October 2019. The authors performed 
all one-level lumbar interbody fusions using an endo-
scopic approach. No open lumbar interbody fusion was 
performed during the study period. We evaluated clinical 
outcomes of the Visual Analog Scale (VAS) and Oswestry 
Disability Index (ODI) at preoperative, 1 week postop-
erative, 3 months postoperative, and final follow-up at 2 
years [17]. MacNab’s criteria evaluation was performed 
at the final follow-up. Postoperative complications were 
documented. We defined it as the number of patients 
with good to excellent MacNab criteria/total number of 
patients at final follow-up and used this as the percentage 
of successful operations. Preoperative and postoperative 
1-year mid disk axial cut magnetic resonance imaging 
(MRI) evaluation of Kjaer grade, psoas, and paraspinal 
muscle cross-sectional area was measured with INFINITT 
PACS M6 version (INFINITT Healthcare Corp., Seoul, 
Korea) (Fig. 1). The cross-sectional area measurements 
were in mm². Computed tomography (CT) lumbar spine 
evaluation was done on the final follow-up to evaluate the 
fusion grade using Bridwell grade.

Kjaer grading system was used to evaluate the percent-
age of fat infiltration [16]. Kjaer grade 0 denotes there is 
normal condition (0%–9%); grade 1, slight fat infiltration 
(10%–50%); and grade 2, severe fat infiltration (>50%) in 
the lumbar multifidus muscle. All readings were manually 
measured by I.L. and J.S.P. Independent manual assess-
ment was performed using INFINITT PACS M6 version 
software.
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2. Surgical technique: uniportal full EPTLIF  

EPTLIF is an alternative posterolateral approach to the 
traditional Trans-Kambin approach in uniportal endo-
scopic fusion and was used in this cohort study. It was 
previously described by Kim et al. [12,13,18] and Wu et al. 
[14,19]. Surgery was performed on a Wilson Frame over 
a radiolucent table, and the patient was under general 
anesthesia. An endoscopic portal skin incision and dock-
ing were placed at the ipsilateral upper mid pedicle for the 
level intended for fusion on the anteroposterior view of 
intraoperative fluoroscopy under fluoroscopic guidance 
(left L4 mid pedicle for left L4/5 EPTLIF for example). 
Skin marking is typically 3–4 cm from the midline and a 
1–1.5 cm long incision is made on the skin with the fascia 
incised, sequential dilation with a final endoscope work-
ing channel of outer diameter 13.7 mm. The author used 
a 15° viewing angle endoscope, an outer diameter of 10 
mm, a working channel diameter of 6 mm, and a work-
ing length of 125 mm. The working retractor target was 
placed on the ipsilateral facet through the Wiltse muscle 
splitting approach between multifidus and longissimus 
muscles. Soft tissue was dissected with a radiofrequency 
ablator to expose pars interarticularis and inferior articu-
lar processes. Isthmus bone and inferior articular process 
were drilled to perform inferior articular facetectomy 
and harvested as bone grafts [13]. After inferior articular 
facetectomy, the superior articular facet was drilled under 

endoscopic guidance and harvested as a bone graft. Liga-
mentum flavum decompression was performed exposing 
the ipsilateral disk space and adjacent segment traversing 

Fig. 1. Preoperative and postoperative 1-year measurement of paraspinal and psoas muscle parameters in a 53-year-
old male patient who had spondylolisthesis L5/S1 and underwent uniportal full endoscopic posterolateral transforami-
nal lumbar interbody fusion (EPTLIF) L5/S1. (A) Preoperative measurement of paraspinal and psoas muscle parameters. 
Preoperative mid-disc axial cut magnetic resonance imaging (MRI) of a 53-year-old patient who has spondylolisthesis 
planned for right EPTLIF L5–S1. (B) Postoperative 1 year measurement of paraspinal and psoas muscle parameters. 
Postoperative 1-year mid-disc axial cut MRI of a 53-year-old patient who had undergone right uniportal full EPTLIF L5–
S1. SD, standard deviation.
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Fig. 2. Fluoroscopic images of uniportal full endoscopic posterolateral trans-
foraminal lumbar interbody fusion (EPTLIF) of left L4/5. (A) Intraoperative 
anteroposterior fluoroscopic image demonstrates the placement of endoscopic 
working retractor over the right L4/5 facet joint with the bevelled opening 
facing away from traversing and exiting nerve root. (B) Intraoperative lateral 
fluoroscopic image demonstrates a three-dimensional printed titanium cage 
inserted through endoscopic working retractor. (C, D) Final intraoperative fluo-
roscopic anteroposterior (C) and lateral (D) image of uniportal full EPTLIF of left 
L4/5.
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the exiting nerve root. The working channel is rotated 
with a bevel facing lateral and inferior direction protect-
ing the exiting and traversing nerve root [12]. Epidural 
vessel hemostasis is performed over the disk space. Disk 
and endplate preparation was performed with a radiofre-
quency ablator, forceps, and endoscopic drill under direct 
endoscopic vision without damaging the endplate. After 
a trial of an appropriate-sized cage, a three-dimensional 
(3D) printed cage was inserted under a working cannula 
of size 13.7-mm outer diameter. Autologus graft mixed 
with allograft is tamped into the disk space under image 
fluoroscopy guidance. A single large 3D printed cage with 
demineralized bone matrix was inserted as oblique as pos-
sible, and the final cage position was checked under both 
fluoroscopy as well as endoscopy, ensuring that the cage is 
in a satisfactory position and neural elements are decom-
pressed. The surgical drain was inserted. The endoscope 
and working cannula were withdrawn with skin closure in 
layers (Fig. 2).

3. Statistical analysis

Data was analyzed with PASW SPSS ver. 18.0 statistical 
analysis software (SPSS Inc., Chicago, IL, USA). The con-
tinuous variables were expressed as mean and standard 
deviation. Periodic outcomes of MRI and clinical data us-
ing the paired t-test were compared. A value of (p<0.05) 
was considered significant.

Results

1. Baseline demographics

From June 2018 to October 2019, a total of 35 patients 
underwent single-level EPTLIF. Their mean ages were 
64.2 years (range, 39−78 years) with a mean follow-up of 
26.1 months (range, 24−34 months). The majority of the 
patients were female (25 patients, 71.4%). The majority 
of the preoperative diagnosis was spondylolisthesis (31, 
88.6%) with the remaining patients having spinal stenosis 
with segmental instability. Most of the operating levels 
were L4/5. The complication rate was 6% with one case of 
incidental durotomy repaired by endoscopic patch block-
ing repair technique [20]. The patient had no neurological 
deficit or subsequent revision. There was one case of a 
retained drain tip that required removal in the operating 
theater under local anesthesia. There were no neurologi-

cal complications, no revision, or adjacent segment dis-
ease during the 2-year follow-up (Table 1). The Bridwell 
grade at postoperative year one CT scan was 1.37, with 
22 grade 1 and 13 grade 2 fusion, there were no clinical 
or radiological signs of pseudoarthrosis. Preoperative and 
1-year postoperative MRI were performed for all EPTLIF 
patients. The mean preoperative Kjaer grade was 0.69 (0–1) 
and the postoperative Kjaer grade was 0.77 (0–1). The 
cross-sectional areas of paraspinal and psoas muscles were 
measured as shown in Table 2.

2. Clinical and radiological outcomes

In the EPTLIF cohort, at postoperative 1 week, 3 months, 
and final follow-up, there was a statistically significant 
improvement in VAS score (4.11±1.23, 4.94±1.23, and 
5.46±1.29) and ODI score (40.34±10.06, 46.69±9.14, and 
49.63±8.68), respectively (p<0.05). In terms of MacNab’s 
criteria, there were 13 excellent outcomes, 21 good out-
comes, and one fair or poor result making 97% good the 
excellent clinical outcome (Table 3).

The reliability of MRI readings between I.L. and J.S.P. 
is measured through the interclass correlation coefficient 
(ICC). A value of more than 0.75 is considered reliable. It 
is found that there ICC ranges from 0.96 to 0.99 in all pa-
rameters of MRI paraspinal muscle measurement.

Compared to the preoperative measure, a 1 year postop-
erative MRI measurement showed statistically significant 
change in the mid-disc axial cut cross-sectional area of the 

Table 1. Baseline demographics data and clinical parameters of endoscopic 
posterolateral transforaminal lumbar interbody fusion

Characteristic Value

No. of patients 35

No. of patients with level L2/3   2

No. of patients with level L3/4   5

No. of patients with level L4/5 23

No. of patients with level L5–S1   5

Age (yr) 64.2 (39−78)

Follow-up period (yr) 26.1 (24−34)

Sex

Male 10

Female 25

Complication rate (%)   6

Values are presented as number or mean (range).
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right psoas (70.03±149 mm2) and left psoas (67.59±113.2 
mm2) as well as in Kjaer grade (0.09±0.28), respectively 
(p<0.05). However, there was no significant difference in 
the right and left paraspinal muscle cross-sectional area 
(Table 4 and Figs. 3, 4).

Discussion

Minimally invasive lumbar spinal fusion through micro-
scopic tubular and retractor-based approaches had been 
well-established in literature to show benefits in perioper-
ative pain, blood loss, and length of stay with comparable 
long-term results compared to open lumbar spinal fusion 
surgery [21]. There were limited studies on medium-

term results for endoscopic lumbar interbody fusion. Heo 
et al. [8] described in their meta-analysis of endoscopic 
fusion techniques in literature that there were two main 
approaches, namely Trans-Kambin and posterolateral. 
Uniportal endoscopic fusion studies have shown that 
the majority was performed through the Trans-Kambin 
approach using a smaller diameter transforaminal en-
doscope and had shown good short-term results [8,22]. 
There were limited studies on the posterolateral route of 

Table 2. Baseline radiographic data of endoscopic posterolateral transforaminal lumbar interbody fusion

Variable Value

Bridwell grade at postoperative 1-year computed tomography scan 1.37 (1–2)

Preoperative Kjaer grade 0.69 (0–1)

Postoperative 1 year MRI: Kjaer grade 0.77 (0–1)

Preoperative MRI axial cut cross sectional area of right psoas muscle at mid disc level 886.07±358.31

Postoperative 1-year MRI axial cut cross sectional area of right psoas muscle at mid disc level 956.1±341.14

Preoperative MRI axial cut cross sectional area of left psoas muscle at mid disc level 912.39±354.97

Postoperative 1-year MRI axial cut cross sectional area of left psoas muscle at mid disc level 979.97±354.29

Preoperative MRI axial cut cross sectional area of right paraspinal muscle at mid disc level 2,075.93±467.59

Postoperative 1-year MRI axial cut cross sectional area of right paraspinal muscle at mid disc level 2,115.96±510.83

Preoperative MRI axial cut cross sectional area of left paraspinal muscle at mid disc level 2,075.64±483.22

Postoperative 1-year MRI axial cut cross sectional area of left paraspinal muscle at mid disc level 2,150.03 ±546.73

Values are presented as mean (range) or mean±standard deviation.
MRI, magnetic resonance imaging.

Table 3. Baseline clinical data of endoscopic posterolateral transforaminal 
lumbar interbody fusion

Variable Value

Preoperative VAS 7.46±0.98

Postoperative VAS at 1 week 3.34±0.76

Postoperative VAS at 3 months 2.51±0.82

Postoperative VAS at final follow-up 2.00±0.87

Preoperative ODI 74.51±7.13

Postoperative ODI at 1 week 34.17±6.39

Postoperative ODI at 3 months 27.83±5.23

Postoperative ODI at final follow-up 24.89±5.11

Good to excellent outcome (%) 97

Values are presented as mean±standard deviation or %.
VAS, Visual Analog Scale; ODI, Oswestry Disability Index.

Table 4. Clinical and radiographic parameters of uniportal full endoscopic pos-
terolateral transforaminal lumbar interbody fusion 

Variable Mean±SD p-valuea)

VAS improvement at 1 week 4.11±1.23 <0.001

VAS improvement at 3 months 4.94±1.30 <0.001

VAS improvement at final follow-up 5.46±1.29 <0.001

ODI improvement at 1 week 40.34±10.06 <0.001

ODI improvement at 3 months 46.69±9.14 <0.001

ODI improvement at final follow-up 49.63±8.68 <0.001

Change in Kjaer grade after operation at 1year 0.09±0.28 0.043

Ch�ange in MRI axial cut spinal canal area of 
right psoas muscle at mid disc level (mm2)

70.03±149.1 0.009

Ch�ange in MRI axial cut spinal canal area of left 
psoas muscle at mid disc level (mm2)

67.59±113.2 0.001

Ch�ange in MRI axial cut spinal canal area of 
right paraspinal muscle at mid disc level (mm2)

40.03±311.7 0.453

Ch�ange in MRI axial cut spinal canal area of left 
paraspinal muscle at mid disc level (mm2)

74.39±286.0 0.133

SD, standard deviation; VAS, Visual Analog Scale; ODI, Oswestry Disability 
Index; MRI, magnetic resonance imaging.
a)Calculated with paired t-test.
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endoscopic fusion using a larger diameter uniportal ste-
nosis endoscope. There was no fusion data and muscle 
cross-sectional area evaluation in these studies [12-14]. 
We found that there was sustained improvement in pain 
and function with VAS, ODI, and MacNab’s criteria in 
this study while the complications were minor with no 
implant-related revision or adjacent segment disease at 2 
years after index operation.

Correlation studies showed fatty infiltration and de-
creased paraspinal muscle cross-sectional area associated 

with lower back pain [23,24]. Radicular pain on the affect-
ed side decreased the psoas muscle cross-sectional area 
[25]. More literature on these parameters after surgical 
intervention would be helpful in understanding muscle 
physiology as a surrogate dynamic radiological marker to 
assess patients’ function.

Cho et al. [26] found that in his cohort of 40 patients 
who underwent open posterior lumbar interbody fu-
sion at L4/5. There was no significant change in the psoas 
muscle [26]. Ortega-Porcayo et al. [27] found that when 
they performed minimally invasive transforaminal lum-
bar interbody fusion on one side with unilateral pedicle 
screw instrumentation, there was no significant difference 
between the surgical and the non-surgical sides. Our find-
ing echoes the study by Ortega-Porcayo et al. [27].

There is some evidence that perhaps minimally inva-
sive decompression increased while open decompression 
decreased paraspinal muscle cross-sectional area [28,29]. 
The authors mainly attributed this to resection and retrac-
tion of paraspinal muscle leading to muscle atrophy. We 
found in our studies that after EPTLIF there were statisti-
cally significant increments in bilateral psoas cross-sec-
tional sectional area. While there was a trend of increment 

Fig. 4. Postoperative computed tomography scan 1 year of a 67-year-old fe-
male who underwent uniportal full endoscopic posterolateral transforaminal 
lumbar interbody fusion of L4/5 showing grade 1 Bridwell fusion grade in both 
coronal (A) and sagittal cut (B).

Fig. 3. Case example of a 67-year-old female with grade one spondylolisthesis who underwent uniportal full endoscopic posterolateral transforaminal lumbar inter-
body fusion of L4/5. (A, B) Preoperative anteroposterior and lateral view X-ray showing grade 1 spondylisthesis. (C, D) Preoperative sagittal and axial mid disc cutline 
magnetic resonance imaging (MRI) showing grade 1 spondylisthesis with severe spinal stenosis. (E, F) One-week postoperative anteroposterior and lateral view X-
ray showing reduction of grade 1 spondylisthesis with three-dimensional printed titanium cage and screws. (G, H) One-week postoperative sagittal and axial mid disc 
cutline MRI showing decompression of spinal canal.

A B C D

E F G H

A B
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in bilateral paraspinal muscle cross-sectional area, it did 
not reach statistical significance. These findings contradict 
the previous open lumbar interbody fusion evaluation 
when there is a general reduction in the paraspinal muscle 
parameters [28,29]. It is interesting to find that there was 
less fatty infiltration measured by Kjaer grade after EPT-
LIF in postoperative 1-year MRI evaluation. The authors 
felt that EPTLIF had several potential advantages to para-
spinal and psoas muscle which could potentially explain 
these radiological findings. First, EPTLIF docked directly 
on the bony surface of the lamina and facet of the affected 
level. There was limited soft tissue dissection required. 
Second, the working channel in a large diameter endo-
scope allowed endoscopic instruments and drills to bypass 
the soft tissues to reach the target site. This will limit the 
repeated soft tissue trauma when equipment is introduced 
through soft tissues. Third, radiofrequency ablation was 
used which provided a relatively lower energy method of 
soft tissue coagulation as compared to diathermy. Finally, 
in our practice, before we prepare the endplate for EPT-
LIF, we would perform radiofrequency ablation to the epi-
dural neovascularization site with adhesion to the nerve 
root. This practice has been shown to relieve reflex inhibi-
tory mechanisms of paraspinal muscle in radiofrequency 
ablation surgery in the high-intensity zone [30]. We felt 
this observation in radiofrequency ablation surgery would 
be extended to our EPTLIF practice and might explain the 
increment of paraspinal muscle and psoas muscle cross-
sectional area. This is a theoretical proposition, and more 
studies are required to verify this finding. All these tech-
nical modifications might explain the difference in muscle 
physiology 1 year after index operation.

Despite the minimally invasive nature and potential 
benefit to soft tissue in EPTLIF, there are some potential 
pitfalls in EPTLIF. Firstly, there is a steep learning curve 
in EPTLIF, as described by Wu et al. [7], EPTLIF is a qua-
ternary level of endoscopic surgery which requires a sur-
geon to be familiar with endoscopic decompression and 
usage of an endoscopic drill. Performance bias can be a 
confounding factor in this study. EPTLIF as a technique is 
new and more long-term studies are required to validate 
its result. There is also a limitation in large sagittal and 
coronal deformity correction.

Overall, in the 2-year follow-up patient cohort, EPTLIF 
appears to be an efficacious procedure with 100% good to 
excellent functional outcome measured by MacNab’s cri-
teria, statistically significant VAS and ODI improvement 

with minor complications, and good fusion result with 
no loosening of implants. Minimally invasive benefits of 
EPTLIF are inferred with increments of psoas bulk and 
decreased fat infiltration with no reduction in muscle 
mass of the paraspinal muscle.

This retrospective evaluation prospective data collec-
tion with patients who have undergone EPTLIF. The study 
could have inherent selection and performance bias in the 
study. Preoperative data such as comorbidities, Charlson 
Morrison Index, and length of operations time were not 
collected which might introduce confounders in the study. 
We limited these confounding factors by having the same 
team of anesthetists and surgeons for all the operations 
performed in the data set. A follow-up of 2 years in EPT-
LIF was short, and we continued to follow up on these 
patients with a view to evaluating the long-term results 
in the future. A prospective study and randomized con-
trolled trial would be more ideal to eliminate these biases.

Conclusions

Uniportal endoscopic posterolateral lumbar transforami-
nal interbody fusion achieved improved clinical outcomes, 
good fusion rate, and favorable paraspinal musculature 
bulk at the 2-year follow-up mark.
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