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Abstract
Background  This study retrospectively compared short-term clinical outcomes and complications of minimally 
invasive surgery transforaminal lumbar interbody fusion(MIS-TLIF)and endoscopic lumbar interbody fusion(Endo-LIF))
for two-segmental lumbar degenerative disease, aiming to guide spine surgeons in selecting surgical approaches.

Methods  From January 2019 to December 2023, 30 patients were enrolled,15 in the MIS-TLIF group and 15 in the 
Endo-LIF group. All patients were followed up for more than 3 months after surgery and the following information 
was recorded: (1)surgery time, difference in hemoglobin between preoperative and postoperative, surgical costs, first 
time out of bed after operation, postoperative hospitalization time, postoperative complication; (2) ODI score (The 
Oswestry Disability Index), leg and back VAS score (Visual Analogue Scale), and lumbar vertebra JOA score (Japanese 
Orthopaedic Association Scores); (3) MacNab score at final follow-up to assess clinical outcome, CT to evaluate lumbar 
fusion.

Results  There were significant differences between the two groups regarding operation time and cost, with the 
MIS-TLIF group performing significantly better. Intraoperative bleeding was considerably less in the Endo-LIF group 
compared to the MIS-TLIF group. However, there were no significant differences in the time of the first postoperative 
ambulation, postoperative hospitalization time, and postoperative complications. There was no significant difference 
in preoperative VAS, ODI, and JOA between the two surgical groups There were no significant differences in VAS(leg), 
ODI, and JOA scores between the two groups before and at 1 day,7 days, 1 month, 3 months and final follow-up. 
However, at 1 day postoperatively, the VAS( back)score in the Endo-LIF group was lower than that in the MIS-TLIF 
group, and the difference was statistically significant. At the final follow-up, all patients achieved grade III and above 
according to the Bridwell criteria, and there was no significant difference between the two surgical groups compared 
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Background
Degenerative lumbar spine disease, a major cause of 
disability worldwide, includes lumbar spondylolisthe-
sis, disc degeneration, and spinal stenosis, often causing 
lower extremity pain, fatigue, and low back and leg pain. 
Approximately 266 million people [1] suffer from lumbar 
degenerative disease every year, and it has also been dem-
onstrated that lumbar degenerative disease is also asso-
ciated with psychiatric disorders such as depression [2]. 
Surgical interventions for lumbar degenerative diseases 
with lower limb and low back pain yield better results 
than conservative treatments [3], benefiting both physi-
cal and mental health. Since Boucher [4] introduced the 
pedicle screw technique in 1959, transforaminal lumbar 
interbody fusion (TLIF) has become the standard [5] for 
spinal fractures, lumbar degenerative disease, infections, 
and deformities. Traditional TLIF surgery faces issues 
common to open surgery, such as large incisions and soft 
tissue trauma, which can cause liquefaction necrosis and 
postoperative low back pain.

With advancements in surgical techniques and mini-
mally invasive concepts, Foley [6] proposed minimally 
invasive surgery transforaminal lumbar interbody fusion 
(MIS-TLIF). Compared to conventional TLIF, MIS-TLIF 
protects paraspinal structures, resulting in less trauma, 
bleeding, and quicker recovery [7]. However, MIS-TLIF 
has a limited workspace and field of view, and the dila-
tation cannula can cause tissue damage from muscle 
compression. Recently, with advances in spinal endos-
copy, percutaneous endoscopic-assisted transforaminal 
lumbar interbody fusion (Endo-LIF) has emerged [8]. 
Besides its minimally invasive nature, Endo-LIF offers 
a clearer intraoperative view, avoiding vascular dam-
age and facilitating safe decompression of the dural sac 
and nerve roots [9]. Clinical results of MIS-TLIF versus 
Endo-LIF for single-segment lumbar degenerative dis-
ease have been published [10]. Multi-segment interbody 
fusion is more complex and time-consuming than single-
segment surgery, requiring higher operator skills. Clini-
cal outcomes for two-segment lesions have not yet been 
reported. Therefore, this study aimed to compare the 

short-term efficacy of MIS-TLIF and Endo-LIF for two-
segment lumbar degenerative disease.

Materials
Patient characteristics
We retrospectively analyzed 30 patients who underwent 
surgery for two-segment lumbar degenerative disease 
between January 2019 and December 2023. The type 
of surgery is determined through a mutual discussion 
between the doctor and the patient, with all procedures 
performed by the same doctor. Patients were divided 
into two groups based on the surgical approach: Endo-
TLIF and MIS-TLIF.15 patients received MIS-TLIF and 
15 patients received Endo-LIF. These included 22 females 
and 8 males, with a mean age of 59.67 years (43–76 years) 
and a mean postoperative hospitalization of 13.83 days 
(7–25 days). The surgical segments were L2-4 (2 patients), 
L3-5 (10 patients), and L4-S1 (20 patients). There was no 
significant difference between the MIS-TLIF group and 
the Endo-LIF group in terms of gender, age, and surgi-
cal segment (P > 0.05). Similarly, there was no significant 
difference in the preoperative diagnostic group between 
the MIS-TLIF and Endo-LIF groups (P > 0.05). The basic 
information of the patients is presented in Table 1.

Inclusion and exclusion criteria
The inclusion criteria were (1) persistent neurologi-
cal symptoms after more than 3 months of conservative 
therapy; (2) Two-segment lumbar degenerative disease 
(lumbar disc herniation with instability; degree I or II 
spondylolisthesis based on radiography, CT(Computed 
tomography), or MRI (Magnetic Resonance Imaging); 
foraminal stenosis or central canal stenosis; cartilage 
endplate inflammation.

The exclusion criteria were (1) previous lumbar surgical 
treatment; (2) severe spinal deformity; (3) severe lumbar 
spinal stenosis(Schizas grade C and above) or severe lum-
bar instability with spondylolisthesis greater than degree 
II; (4) severe underlying disease that prevented surgical 
treatment; (5) tumor, infection, or severe osteoporosis;6. 
unwillingness or inability to participate in treatment and 
complete follow-up.

to each other. According to the MacNab score at the final follow-up, the excellent rate was 80.00% in the Endo-LIF 
group and 73.33% in the MIS-TLIF group, with no significant difference between the two groups.

Conclusion  There was no significant difference in short-term efficacy and safety between Endo-LIF and MIS-TLIF for 
two-segment degenerative lumbar diseases. MIS-TLIF has a shorter operative time and lower costs, while Endo-LIF 
causes less tissue damage, blood loss, and early postoperative pain, aiding long-term recovery. Both MIS-TLIF and 
Endo-LIF are promising for treating two-segment lumbar degenerative disease. The choice of a surgical procedure 
depends on the patient’s financial situation, their ability to tolerate surgery, and the surgeon’s expertise.

Keywords  Lumbar degenerative disease, Minimally invasive surgery, Lumbar vertebrae, Minimally invasive, Pedicle 
screw
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Surgical techniques
MIS-TLIF group
The surgical procedures were strictly performed as out-
lined in the text by Gu et al. [11]. ( Fig. 1, L4-S1)

Endo-LIF group
The surgical procedures were strictly performed as out-
lined in the text by He et al. [12]. (Fig. 2 L3- L5)

Postoperative management
Patients in both groups were given the same postopera-
tive treatment, and postoperative instructions were writ-
ten by the surgeon. All patients were given symptomatic 
support treatment such as anti-inflammation and analge-
sia, nerve nutrition, and so on. Preoperative prevention 
measures included the prophylactic use of antibiotics 
within 24 h after surgery. Patients were also instructed 
to perform bed exercises and ankle pump exercises to 
prevent deep venous thrombosis. Patients were encour-
aged to wear a waist brace and get out of bed for daily 
activities starting on the second day after the operation. 
The dressing was changed every 3–5days after the opera-
tion, and incision sutures were removed 14 days after the 
operation. Patients were advised to gradually perform 

Table 1  Patient basic information
MIS-TLIF group Endo-LIF group P

Gender (male/female) 5/10 3/12 0.42**
Age(y) 59.73 ± 9.27 59.60±8.91 0.96
levels
 L2-4 1 1 0.61**
 L3-5 3 7
 L4-S1 11 7
Clinical diagnosis
Lumbar disc herniation 2 0 0.32**
Lumbar spondylolisthesis 11 12
Lumbar spinal stenosis 2 3
**, results from fisher’s exact test or χ2test

Fig. 1  56-year-old female with low back pain with right lower extremity pain for 6 months. (a): MRI of the lumbar spine showed deformed bulging and 
herniated discs at L4/5 and L5/S1, and lumbar spondylolisthesis at L4. (b, c): Transverse MRI showing L4/5 and L5/S1 disc herniation and L5/S1 spinal 
stenosis. (d): Intraoperative operation under Quadtrant channel. (e): Lateral X-ray after surgery. (f): CT review at the final follow-up showed an intact bone 
block and trabecular growth was seen between the implant block and the host bone
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rehabilitation exercises, including strengthening the lum-
bar and dorsal muscles, as well as lower limb exercises.

Clinical and imaging evaluations.
Patients were clinically followed up at 1 day, 7 days, 

1 month, 3 months, and at the end of the postoperative 
period through face-to-face interviews and telephone 
calls. To ensure consistency, all follow-ups were con-
ducted and recorded by the same person. The periop-
erative parameters of the two groups of patients were 
compared, including the duration of the operation, the 
difference between preoperative and postoperative hae-
moglobin, the cost of the operation, first time out of bed 
after the operation, postoperative hospitalization time 
and the postoperative complications. Clinical outcomes 
were assessed by collecting leg and back VAS scores, 
lumbar vertebra JOA score, and ODI scores. A higher 
VAS score (maximum 10) indicates more severe pain, 
while a higher ODI score (maximum 50) indicates poorer 
quality of life, and the maximum total JOA score is 29, 
with lower scores indicating more significant dysfunc-
tion. The clinical efficiency was evaluated by the MacNab 
criteria. Fusion was evaluated based on CT findings and 
Bridwell grading at the final follow-up. The number of 
postoperative complications was counted to compare the 
difference in postoperative complications between the 
two surgical groups.

Statistical analysis
Continuous variables such as age, VAS score, ODI 
score, ODI, the duration of the operation, the difference 
between preoperative and postoperative haemoglobin, 
the cost of the operation, first time out of bed after the 

operation, postoperative hospitalization time were dis-
played as the mean ± standard deviation and were ana-
lyzed with the independent sample t-test for intergroup 
comparisons and the paired t-test for intragroup com-
parisons. Nominal data such as complications, MacNab 
criteria, and Bridwell grading were analyzed with the χ2 
test or Fisher’s exact test. P value of < 0.05 was consid-
ered indicative of statistical significance. Statistical analy-
sis was performed using IBM SPSS, version 25.0.

Results
Perioperative parameters
Preoperative and postoperative Hb differences, operative 
time, first time getting out of bed after operation, postop-
erative hospitalization time, operative cost, and postop-
erative complications in both groups are shown in detail 
in Tables 2 and 3. There was no significant difference 
between the two groups in terms of surgical segment, first 
postoperative time out of bed, length of hospitalization, 
and postoperative complications (P > 0.05). The duration 
of surgery in the Endo-LIF group was (437.87 ± 64.45) 
minutes, which was significantly longer than that in the 
MIS-TLIF group was (339.53 ± 71.85) minutes, with a 
significant difference (P < 0.05). The comparison of intra-
operative bleeding, based on the difference between pre-
operative and postoperative hemoglobin levels, showed 
that the decrease in hemoglobin in the Endo-LIF group 
was significantly lower than in the MIS-TLIF group. This 
indicates that the Endo-LIF group experienced signifi-
cantly less bleeding compared to the MIS-TLIF group, 
with a statistically significant difference. (P < 0.05).The 
hospitalization cost was (77,771.52 ± 10,431.07) yuan in 

Fig. 2  (a) 64-year-old woman with low back pain and bilateral lower extremity pain for 10 years. MRI of the lumbar spine shows L3 and L4 lumbar spon-
dylolisthesis. (b, c): Transactional MRI showing bulging and herniated discs at L3-4 and L4-5 with spinal stenosis. (d, e, f, g): The cage was placed in L4/5 
and L3/4, and the endoscopic view showed that the cage was placed in place and the nerve root decompression was complete. (h, i): Insertion of the 
nail bar system and proper repositioning. j: CT review at the final follow-up showed an intact bone block and trabecular growth was seen between the 
implant block and the host bone
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the Endo-LIF group and (67,473.96 ± 11,358.68) yuan in 
the MIS-TLIF group, which was a significant difference 
(P < 0.05). Both groups had one case of postoperative 
wound infection, which healed after antibiotic treatment. 
In the Endo-LIF group, there was one case of epidural 
hematoma and infection with cage retropulsion. The 
patient underwent two separate surgeries and was suc-
cessfully discharged.

Clinical follow-up parameters
Patients were followed up after surgery (Table 4). VAS(leg 
and back) scores and ODI were significantly lower in 
both surgical groups at all postoperative follow-up time 
points compared to preoperative (P < 0.05). Additionally, 
JOA scores significantly increased compared to preoper-
ative levels (P < 0.05). There was no significant difference 
in preoperative VAS, ODI, and JOA between the two sur-
gical groups (P > 0.05). There were no significant differ-
ences in VAS(leg), ODI, and JOA scores between the two 
groups before and at 1 day,7 days, 1 month, 3 months, 
and final follow-up. However, at 1 day postoperatively, 
the VAS (back) score in the Endo-LIF group was (4.07 
± 1.09) lower than that in the MIS-TLIF group (5.40 ± 
1.60), and the difference was statistically significant (P = 
0.02).Based on the Bridwell criteria, all patients achieved 
grade III and above, and there was no significant differ-
ence between the two surgical groups compared to each 
other (P > 0.05). Based on the MacNab score at the final 
follow-up, the excellent rate was 80.00% in the Endo-LIF 
group and 73.33% in the MIS-TLIF group, with no sig-
nificant difference between the two groups(P > 0.05).

Discussion
Lumbar degenerative disease, common among the 
elderly, is the leading cause of low back pain. Low back 
pain is the most frequent pain and disability complaint 
among patients aged 65 years and older, and it is also 
highly prevalent in the second most common age group 
for low back pain [13]. An estimated $100 billion is spent 
annually worldwide on treating low back pain caused by 
degenerative lumbar spine conditions [14]. As the global 
population ages, it not only increases pain and disability 
for patients but also imposes a growing cost burden on 
healthcare systems and economies [15]. Lumbar fusion is 
an excellent solution for severe lumbar degenerative dis-
ease and is widely recognized by spine surgeons. Wong 

Table 2  Comparison of clinical outcomes between the two groups in perioperative period
MIS-TLIF group Endo-LIF group P

Duration of operation (min) 339.53 ± 71.85 437.87 ± 64.45 0.00
Preoperative and postoperative Hb differences (g/L) 19.13 ± 5.78 15.20 ± 3.82 0.03
Operative cost (RMB) 67473.96± 11358.68 77771.52 ± 10431.07 0.02
Time in bed(day) 8.13 ± 3.87 7.87 ± 3.09 0.83
Postoperative hospitalization time (day) 13.40 ± 4.95 14.27 ± 8.90 0.74

Table 3  Complications postoperatively
MIS-TLIF group Endo-LIF group P

Residual nucleus pulposus 0 0 0.06**
Nerve root injury 0 0
Dural tears 0 1
Infection 1 2
Cage retropulsion 0 1
**, results from fisher’s exact test or χ2 test

Table 4  Comparison of follow-up outcomes in group Endo-LIF 
and group MIS-TLIF

MIS-TLIF group Endo-LIF group P
VAS(back)
Before operation 8.80 ± 0.77 7.87 ± 3.09 0.44
1 day after operation 5.40 ± 1.59* 4.07 ± 1.48* 0.02
7 days after operation 4.60 ± 1.18* 3.87 ± 1.45* 0.14
1 month after operation 3.27 ± 1.58* 3.13 ± 1.59* 0.82
3 months after operation 2.27 ± 1.66* 2.53 ± 1.99* 0.69
Last 1.47 ± 0.91* 1.67 ± 1.11* 0.59
VAS(leg)
Before operation 4.87 ± 0.09 4.60 ± 0.16 0.16
1 day after operation 3.40 ± 0.13* 3.26 ± 1.18* 0.55
7 days after operation 2.33 ± 0.12* 2.13 ± 0.16* 0.34
1 month after operation 1.40 ± 0.13* 1.27 ± 0.11* 0.45
3 months after operation 0.67 ± 0.12* 0.73 ± 0.15* 0.73
Last 0.53 ± 0.13* 0.60 ± 0.13* 0.72
ODI
Before operation 36.20 ± 2.70 37.93 ± 2.63 0.08
1 day after operation 28.53 ± 3.62* 30.40 ± 3.37* 0.15
7 days after operation 25.53 ± 4.82* 28.20 ± 4.00* 0.11
1 month after operation 19.00 ± 5.30* 19.73 ± 4.48* 0.68
3 months after operation 12.53 ± 3.54* 11.27 ± 4.31* 0.38
Last 10.00 ± 1.60* 9.93 ± 3.39* 0.94
JOA
Before operation 2.93 ± 0.88 3.47 ± 1.18 0.17
1 day after operation 12.07 ± 2.71* 11.33 ± 3.45* 0.52
7 days after operation 13.47 ± 3.18* 11.87 ± 3.87* 0.22
1 month after operation 18.87 ± 3.90* 18.20 ± 3.84* 0.64
3 months after operation 23.53 ± 3.70* 23.60 ± 2.09* 0.95
Last 25.40 ± 2.72* 25.80 ± 1.74* 0.63
MacNab
Last 3:9:3:0 0:11:4:0 0.19**
Bridwell criteria(I/II/III/IV)
Last 1:9:5:0 0:7:8:0 0.49**
*, P < 0.05 compared to the preoperative data. **, results from fisher’s exact test 
or χ2test
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et al. [16] prospectively studied 198 patients and found 
a significantly lower complication rate with MIS-TLIF. 
It is attributed to less tissue trauma, lower blood loss, 
less drainage, and a smaller potential dead space. Sev-
eral studies have also demonstrated that there is no sta-
tistically significant difference in the long-term clinical 
outcomes of MIS-TLIF compared with open TLIF [17], 
so MIS-TLIF is recognized by an increasing number of 
spine surgeons.

With advancements in endoscopic techniques and con-
cepts, Osman et al. [18] first reported endoscopic trans-
foraminal lumbar decompression, interbody fusion, and 
percutaneous pedicle screw internal fixation in 2012, 
leading to the development of Endo-LIF. He et al. [12] 
concluded that the Endo-LIF technique has the follow-
ing advantages over the TLIF technique: (1) Endoscopic 
removal of the hyperplastic ligamentum flavum allows 
for more thorough decompression of the lateral recess 
and central areas. (2) Most spine surgeons are famil-
iar with posterior lumbar surgery and can more easily 
overcome the learning curve of endoscopic techniques. 
(3) A shorter working channel makes it easier to con-
trol instruments, improving decompression efficiency 
and reducing operative time. (4) Endoscopic osteotomy 
is safer. (5) A nucleus pulposus that prolapses upward 
or downward can be removed by expanding the work-
ing area accordingly. Although postoperative follow-up 
data show that the Endo-LIF technique is as effective as 
the TLIF technique, Endo-LIF offers faster postoperative 
recovery, minimizes damage to the paraspinal muscles, 
and results in less intraoperative blood loss and shorter 
hospital stays compared to TLIF. Therefore, the authors 
concluded that Endo-LIF may be a reliable alternative to 
minimally invasive lumbar fusion. Endo-LIF significantly 
reduces blood loss and hospitalization time. It offers the 
advantages of less surgical injury, less blood loss, faster 
recovery, and early relief of postoperative back pain [19]. 
One article pointed out [10] that there is no significant 
difference in the short-term clinical efficacy and safety 
between Endo-LIF and MIS-TLIF for the treatment of 
single-segment degenerative lumbar spine disease, but no 
report has been seen about Endo-LIF and MIS-TLIF for 
the treatment of two-segment lumbar degenerative dis-
ease.We hope that our study will provide spine surgeons 
with valuable insights to aid in the selection of surgical 
methods for treating two-segment lumbar degenerative 
disease.

Numerous studies have shown that minimally inva-
sive techniques in the treatment of lumbar degenera-
tive diseases can effectively reduce postoperative pain 
and facilitate recovery [19, 21, 25, 27]. In our retrospec-
tive study, we compared the short-term clinical efficacy 
of Endo-LIF and MIS-TLIF in treating two-segment 
lumbar degenerative disease. There were no significant 

differences between the two groups regarding general 
surgical approach data, such as age, gender, preopera-
tive diagnosis, and complications (P > 0.05). There was 
no significant difference in preoperative VAS, ODI, and 
JOA scores between the two surgical groups. There was 
no significant difference in VAS (leg), ODI, and JOA 
scores between the two groups on the first postopera-
tive day (P > 0.05). This may be because patients in both 
groups were on bed rest on the first postoperative day. 
There were no significant differences in VAS, ODI, and 
JOA scores at 7 days, 1 month, 3 months after surgery, 
and the final follow-up (P > 0.05). At the final follow-up, 
all patients achieved varying degrees of fusion accord-
ing to the Bridwell criteria, with no differences in fusion 
outcomes. Ito et al. [20]. concluded that intervertebral 
fusion typically occurs 2 years after surgery, with signif-
icant intervertebral bone growth occurring 3 to 5 years 
post-surgery. Due to regional and economic constraints, 
surgical patients in this study could not receive long-term 
follow-up beyond the final assessment. Therefore, the 
long-term fusion efficacy of the two techniques could not 
be further investigated, which is a limitation of the study. 
However, 1 day after surgery, the VAS(back) score in the 
Endo-LIF group was (4.07 ± 1.09) lower than that in the 
MIS-TLIF group (5.40 ± 1.60), with a statistically signifi-
cant difference (P = 0.02). We conclude the MIS-TLIF 
procedure involves using an expanded cannula to expose 
the surgical field, which protects surrounding muscles 
but may put pressure on them. Muscles that have slipped 
out from beneath the cannula are often directly excised 
using an electrosurgical knife during the procedure. In 
the Endo-LIF procedure, the endoscope eliminates the 
need to address slipped muscles, and it theoretically 
causes less postoperative trauma than MIS-TLIF, which 
is more conducive to postoperative recovery and more in 
line with the concept of ERAS (Enhanced Recovery After 
Surgery) [21]. However, in studies comparing Endo-
LIF and MIS-TLIF for the treatment of single-segment 
degenerative lumbar diseases, there was no significant 
difference in postoperative day 1 back pain VAS scores 
between the two groups. We believe this may be related 
to the increased number of surgical segments in these 
procedures. Over time, there were no significant dif-
ferences in VAS, ODI, and JOA scores between the two 
groups, consistent with previous related studies. Song 
[10] et al. suggested that the lack of difference may be due 
to the identical screw placement in both surgeries, result-
ing in similar trauma from the screw insertion. Other 
studies have noted that gender differences in pain persist 
before and after surgical interventions for lumbar degen-
erative pathologies. The authors suggest that physiologi-
cal, environmental, and economic factors may contribute 
to these differences, with females potentially being more 
sensitive to pain [22]. This paper did not consider the 
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impact of gender on surgical outcomes, which is a limita-
tion of the study.

Surgical treatment of multi-segment lumbar degenera-
tive disease can be more complex and challenging com-
pared to single segments [23]. In a retrospective study on 
the efficacy of Endo-LIF and MIS-TLIF for single-seg-
ment lumbar degenerative disease, Xu [24] et al. reported 
that the average durations of the procedures were 205.64 
± 56.2 min for Endo-LIF and 120.36 ± 30.56 min for 
MIS-TLIF. In our study, the operative times for Endo-
LIF and MIS-TLIF were 437.87 ± 64.45 min and 339.53 
± 71.85 min, respectively, showing a significant difference 
(P < 0.01). The duration of the operation increased as the 
number of segments operated on increased.

We also believe the longer surgical time for Endo-
LIF compared to MIS-TLIF may be due to the follow-
ing reasons:1. Easier Access: MIS-TLIF allows relatively 
easy surgical access and the use of open tools, such as 
ultrasonic osteotomes, for managing the spinal canal 
and endplates. Endo-LIF, on the other hand, is less effi-
cient due to the combination of drilling, fluoroscopy, and 
endoscopy.2. Fluoroscopy Time: MIS-TLIF offers the 
option of trans-channel nailing during the procedure, 
which reduces fluoroscopy time.3.Learning Curve: Endo-
LIF, being a minimally invasive technique, has a steeper 
learning curve compared to MIS-TLIF, so it takes longer 
to achieve technical proficiency [25]. Minimally inva-
sive multisegment lumbar fusion is more complex than 
single-segment lumbar fusion and is performed less fre-
quently [26]. This explains the longer operation duration 
and the lower number of cases included in our study.

Although the Endo-LIF procedure had a longer dura-
tion compared to MIS-TLIF, there were significant dif-
ferences (P < 0.05) in pre- and post-surgical Hb levels. 
Additionally, the time out of bed on the first postop-
erative day and the length of postoperative hospitaliza-
tion was shorter for Endo-LIF compared to MIS-TLIF. 
Abuduwupuer et al. [27] found that, despite its shorter 
operative time, MIS-TLIF results in more intraoperative 
blood loss and longer postoperative hospitalization com-
pared to Endo-LIF. Our results showed no statistically 
significant difference in time out of bed or length of hos-
pitalization on the first postoperative day(P > 0.05). This 
may be due to the small sample size, which is a limitation 
of the study. Compared to MIS-TLIF, Endo-LIF resulted 
in significantly less intraoperative bleeding, with a sta-
tistically significant difference (P < 0.05). Due to limita-
tions in surgical conditions, intraoperative hemorrhage 
during Endo-LIF is aspirated along with the flushing 
saline, making it difficult to accurately measure the exact 
amount of blood loss. Therefore, we used the difference 
between preoperative and postoperative Hb levels to esti-
mate blood loss. This method may introduce some errors 
in accurately measuring blood loss, which is an area for 

improvement. Compared to MIS-TLIF, Endo-LIF mini-
mizes excessive handling of tissue during the procedure 
and is performed under constant water pressure, which 
helps compress surrounding tissues and blood vessels to 
reduce bleeding. Additionally, endoscopic observation of 
tiny blood vessels allows for the use of a radiofrequency 
knife to preemptively stop bleeding, further reducing 
blood loss. The hospitalization cost for the Endo-LIF 
group was (77,771.52 ± 10,431.07) yuan, which was sig-
nificantly higher than that of the MIS-TLIF group at 
(67,473.96 ± 11,358.68) yuan. The difference was statisti-
cally significant (P < 0.05). The hospitalization costs were 
calculated from the time of admission to discharge. All 
patients underwent identical preoperative laboratory and 
imaging tests. Postoperative orders were issued by the 
same doctor, and all patients received identical postop-
erative care. Therefore, we believe that the higher surgical 
costs in the Endo-LIF group may be attributed to the use 
of a radiofrequency knife, flushing saline, and specialized 
endoscopic instruments.

Recent reports indicate that the complication rate for 
endoscopic spinal fusion ranges from 0 to 28.6%, with 
most complications being minor and successfully treated 
[28]. In this study, although there was no statistically 
significant difference in the incidence of complications 
between the two surgical groups(P > 0.05), the Endo-LIF 
group still had a higher number of postoperative compli-
cations compared to the MIS-TLIF group. Specifically, 
the Endo-LIF group experienced one case of epidural 
hematoma, one case of cage retropulsion, and two cases 
of infection, whereas the MIS-TLIF group had only one 
case of postoperative infection. In the Endo-LIF group, 
one postoperative epidural hematoma occurred, requir-
ing the patient to undergo additional spinal exploration 
and hematoma removal 6 days after surgery. It has been 
demonstrated that the probability of epidural hematoma 
after lumbar spine surgery is related to multi-segmental 
surgery and the duration of surgery [29]. The patient, a 
45-year-old with normal preoperative coagulation, likely 
developed the postoperative epidural hematoma due to 
the multi-segmental surgery. The extensive duration and 
scope of the surgery may have caused significant dam-
age to the venous plexus, leading to increased bleeding. 
Intraoperative water pressure aids in hemostasis, but its 
withdrawal post-surgery can cause some venous plexuses 
to reopen and bleed, increasing the incidence of post-
operative epidural hematoma. Longer surgery duration, 
more surgical segments, and greater blood loss are also 
key factors in postoperative infections [23]. This could 
also explain the postoperative infections observed in 
both groups in our study. One patient in the Endo-LIF 
group developed a wound infection with fusion retropul-
sion and required an unplanned reoperation(URP) one 
week after the initial surgery. Surgical incision infection 
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is the most common cause of URP in lumbar degen-
erative diseases [30]. It has been suggested [31] that 
prolonged surgical time and extended exposure of the 
surgical incision to cold temperatures can lead to surgi-
cal site infections and delayed wound healing. Endo-LIF 
requires continuous saline irrigation, which lowers body 
temperature and may increase the likelihood of postop-
erative wound infections. Therefore, in future Endo-LIF 
operations, we used thermostatic saline as the flushing 
fluid. Recent studies show that interleukin 6 is very use-
ful for early diagnosis of postoperative wound infections, 
with levels of 26.0 pg/mL or higher indicating a surgical 
incision infection [32]. Early antibiotic treatment after 
diagnosis can greatly reduce the need for revisions and 
lower surgery costs for patients. Using intraoperative 
thermostatic saline irrigation and early postoperative 
interleukin 6 monitoring might have reduced the inci-
dence of infection. We also believe that fusion loosening 
is related to intraoperative endplate damage and prema-
ture postoperative activity [33]. Endplate extrusion and 
collapse observed during URP may result from com-
pression injury during the initial placement of the cage. 
Damage to the posterior edge of the endplate increases 
the height behind the fusion device, making retropulsion 
more likely. In lumbar fusion surgery, endplate injury 
≥ 5 mm is a risk factor for cage retropulsion. Lumbar 
fusion takes about 3 months. Early removal of lumbar 
support and premature activity can affect lumbar stabil-
ity and increase the risk of cage retropulsion. Peter et al. 
[26] found that the complication rate for single-segment 
and two-segment lumbar fusion surgery is relatively low. 
However, for three-segment fusion, the rate is compara-
ble to open surgery. This study, limited by clinical data, 
does not discuss three-segment fusion outcomes. To 
obtain more accurate results for multi-segment fusion, 
further case collection is needed.

Therefore, based on our study’s conclusions, the Endo-
LIF procedure offers several advantages over MIS-TLIF 
for treating two-segment lumbar degenerative disease: it 
theoretically causes less damage to muscles and soft tis-
sues, results in reduced intraoperative bleeding, and and 
reduces early postoperative pain. These factors facilitate 
earlier postoperative rehabilitation exercises for patients 
and align more closely with the ERAS concept. However, 
the learning curve for Endo-LIF is steep, requiring a sig-
nificant number of surgeries to achieve proficiency. Addi-
tionally, compared to MIS-TLIF, Endo-LIF has a relatively 
longer operation time and higher surgical costs. When 
considering this procedure, it’s important to fully assess 
the patient’s surgical tolerance and financial situation.

This study has some limitations. Although we followed 
strict inclusion and exclusion criteria for case selection, 
there may be a risk of selection bias. Interobserver bias 
in the measurement of the radiological parameters may 

have been present. The sample size was small and, thus, 
failed to show a difference in the complication rate. The 
follow-up time is short, so the safety and effectiveness 
of the operation cannot be fully evaluated. Although the 
safety and clinical efficacy of the two procedures and 
their respective advantages have been proven to some 
extent, but in the future, multicenter, large sample, and 
long-term follow-up studies are needed to further ver-
ify the clinical efficacy of endoscopic lumbar interbody 
fusion (Endo-LIF).

Conclusion
There was no significant difference in short-term safety 
and clinical efficacy between MIS-TLIF and Endo-LIF 
for treating two-segment lumbar degenerative disease. 
MIS-TLIF had shorter operative time and lower costs, 
while Endo-LIF caused less peripheral tissue damage, 
less intraoperative blood loss, and less early postopera-
tive pain, which benefits long-term recovery. Therefore, 
we concluded that both MIS-TLIF and Endo-LIF are 
promising treatments for two-segment lumbar degenera-
tive disease. The choice of a surgical procedure depends 
on the patient’s financial situation, their ability to tolerate 
surgery, and the surgeon’s expertise.
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