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Abstract

Biportal endoscopic spine surgery (BESS) is an innovative, minimally invasive technique to treat lumbar disc 
herniation (LDH). BESS provides superior surgical visualization with minimal tissue dissection. However, 
its application requires a thorough understanding of endoscopic anatomy and adaptation of endoscopy 
equipment, which are key factors in achieving optimal functional outcomes post-surgery. This study aimed to 
evaluate the functional outcomes and complications of BESS performed on 49 patients between 2020 and 2022 
at Dr. Kariadi Hospital, Semarang, Indonesia. The majority of patients (53%) had herniation at the L4-5 level, 
followed by L5-S1. Pain assessment using the Visual Analog Scale (VAS) demonstrated a significant reduction 
in pain, from 4.26 to 1.5, post-surgery. Functional outcomes, as evaluated using MacNab’s Criteria, revealed 
that 93.8% of patients achieved a satisfactory condition, with 36.7% reporting no pain and 57.1% experiencing 
occasional pain that did not affect their daily activities. Complications were minimal, with two cases of dural 
tears and intraoperative bleeding. The study concludes that BESS is a safe and effective procedure for LDH, 
resulting in significant pain relief and functional improvement, although certain technical challenges persist.
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Introduction 

Lumbar disc herniation (LDH) is a leading cause 
of lower back pain and sciatica, affecting millions 
of people worldwide.1Traditional open spine 
surgeries, though effective in addressing LDH, 
are often associated with significant drawbacks, 
including extensive soft tissue damage, 
prolonged recovery periods, and higher risks of 
complications such as dural tears and infection.2 
These limitations underscore the need for more 
refined, minimally invasive approaches to spine 
surgery.2

In recent years, the development of endoscopic 
spine surgery (ESS) has emerged as a promising 
solution to these issues.3 Techniques such as 
full-endoscopic discectomy and percutaneous 
endoscopic lumbar discectomy have shown 

improved outcomes with less tissue damage, 
shorter hospital stays, and faster recovery 
times.4 Among these advancements, biportal 
endoscopic spine surgery (BESS) has gained 
traction for its unique approach, which involves 
two independent portals, offering enhanced 
visualization and maneuverability around 
neural structures.5 Despite these benefits, BESS 
presents technical challenges, such as limited 
working space and the steep learning curve 
required to achieve proficiency.6

This study evaluates the functional outcomes 
and complications of BESS in the treatment of 
LDH, based on clinical data from 49 patients who 
underwent the procedure at Dr. Kariadi Hospital, 
Semarang, between 2020 and 2022. By focusing 
on pain reduction and functional recovery, this 
study seeks to provide further insights into the 
efficacy and safety of BESS for treating lumbar 
disc herniation, offering a clearer understanding 
of its advantages and limitations.
The primary objectives of this research are to 
assess functional outcomes using MacNab’s 
Criteria, evaluate pain reduction through 
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the Visual Analog Scale (VAS), and identify 
complications associated with the Biportal 
Endoscopic Spine Surgery (BESS) technique. The 
findings aim to inform future advancements in 
minimally invasive spine surgery and enhance 
patient care.

The novelty of this study lies in providing 
new clinical data on the use of BESS for treating 
Lumbar Disc Herniation (LDH), specifically from 
a cohort of patients treated at Kariadi Hospital. 

Methods 

This study was conducted as an observational 
analysis of 49 patients diagnosed with lumbar 
disc herniation (LDH) and treated with biportal 
endoscopic spine surgery (BESS) at Dr. Kariadi 
Hospital, Semarang, between 2020 and 2022. 
Ethical approval was obtained from the Health 
Research Ethics Committee of Dr. Kariadi 
Hospital (approval number 2019–852). Written 
informed consent was obtained from all patients.
Patients were eligible for inclusion if: 1) 
had a prolapsed lumbar disc with unilateral 
radiculopathy; 2) tested positive for the straight 
leg raise (SLR) or femoral stretch test; 3) had 
magnetic resonance imaging (MRI) confirming a 
single nerve root lesion; and 4) had undergone at 
least six weeks of conservative therapy, including 
bed rest, activity modification, physiotherapy, 
and medication, with persistent symptoms.
Exclusion criteria were: 1) multilevel disc 
prolapse or root involvement; 2) diagnosis of 
cauda equina syndrome; 3) discrepancy between 
clinical and radiological findings. All patients 
underwent BESS discectomy under general 
anesthesia. BESS involves two independent 
portals: one for the endoscope and another 
for surgical instruments. The procedure was 
performed using a saline irrigation system to 
maintain clear visualization. A combination of 
endoscopic instruments was used to perform the 
discectomy and decompress the affected nerve 
root.

Pain was evaluated using the Visual 
Analog Scale (VAS) both preoperatively and 
postoperatively. Pain and functional outcomes 
were assessed at a postoperative follow-up 
period of 1 months, which allowed for an early 
evaluation of surgical success and complication 
rates. However, longer-term follow-up is 
recommended in future studies to evaluate 
the durability of these outcomes. Functional 
outcomes were assessed postoperatively using 
MacNab’s Criteria, classifying patients into 

Table 1 Demographic and Lumbar Disc 
	 Herniation Characteristics

Demographic and 
Characteristics

n (%)
Mean 

(min-max)
Gender

Male
Female

24 (49)
25 (51)

-

Age 46.7 (18–65)
Level of vertebrae

Lumbar 3–4
Lumbar 4–5
Lumbar 5–Sacral 1

7 (14.3)
26 (53.1)
16 (32.7)

Location
Left side
Right side

38 (77.6)
11 (22.4)

one of four categories: 1) Excellent (no pain, 
unrestricted activity), 2) Good (occasional pain, 
no interference with activities), 3) Fair (improved 
but with intermittent pain that interferes with 
work or leisure), 4) Poor (no improvement or 
worsened condition).

Statistical analysis was performed using SPSS 
software. Pre- and postoperative VAS scores 
were compared with the Student’s t-test, with 
p<0.05 considered statistically significant.

Results

A total 49 patients were included in this study, 
the majority of whom were women (51%), with 
a mean age of 46.7 years. The most frequently 
herniated vertebral segments were L4-5 
(53.1%), followed by L5-S1 (32.7%) and L3-4 
(14.3%). The majority of herniations occurred 
on the left side (77.6%) (Table 1).

Evaluation of the pain carried out before and 
after the BESS procedure showed a significant 
decrease (p<0.001) from a mean of 4.26 to 1.5 
(Table 2). There was a substantial decrease in 
the VAS pain scale between pre-operative and 
post-operative BESS.

Further subgroup analysis was conducted 
to compare VAS score improvements across 
different herniation levels. Patients with L4-5 
herniation exhibited the most significant mean 
VAS reduction (from 4.3 to 1.3), followed by 
those with L5-S1 (from 4.2 to 1.6), and L3-4 
(from 4.1 to 1.8). Although all groups showed 
improvement, the L4-5 group demonstrated the 
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greatest overall pain reduction.
Additionally, a comparison based on 

herniation side showed that left-sided 
herniations (n=38) experienced a VAS reduction 
from 4.25 to 1.4, while right-sided herniations 
(n=11) showed a reduction from 4.27 to 1.7. 
Though both groups experienced statistically 
significant improvements, patients with left-
sided herniations showed slightly better 
outcomes. 

Table 3 shows an evaluation of functional 
outcomes after the BESS procedure based on 
MacNab criteria. The results showed that the 
majority of patients met criterion 2 (57.1%; 
occasional back pain or leg pain not interfering 
with the ability to perform regular work, or to 
enjoy leisure activity), followed by criterion 
1 (36.7%; no pain, no restriction of activity) 
and criterion 3 (6.4%; improved functional 
capacity but handicapped by intermittent pain 
of sufficient severity to curtail or modify work of 
leisure activities).

Discussion 

This study evaluated the functional outcomes 
and complications associated with biportal 
endoscopic spine surgery (BESS) for lumbar 
disc herniation (LDH). A total of 49 patients who 
underwent BESS were analyzed, with a focus 
on patient demographics, pain reduction, and 
functional outcomes. 

The majority of patients in this study were 
women (51%) with a mean age of 46.7 years. 
This aligns with other studies that suggest 
women are slightly more prone to LDH, where 
women accounted for 52.6% of LDH cases.7 
The most common herniation site was at the 
L4-L5 vertebrae (53.1%), followed by L5-S1 
(32.7%). These findings are consistent with the 
global pattern of lumbar disc herniation, which 
predominantly affects the L4-L5 and L5-S1 
levels due to the higher mechanical stress these 
segments endure. Sedighi et al. also reported 
similar distributions of herniation sites in their 

Table 2 Pain Evaluation Pre- and Post-Surgery
Variable Mean

VAS Pre-surgery

VAS Post-surgery

4.26

1.5
p-value <0.001

Table 3 Functional Evaluation After BESS 
	  Surgery

MacNab Criteria n (%)

Criteria 1 
(no pain, unrestricted activity)
Criteria 2 
(occasional pain, no interference)
Criteria 3 
(intermittent pain, activity 
limitation)

18 (36.7)

28 (57.1)

3 (6.4)

study.8,9

Pain outcomes demonstrated a significant 
reduction in mean VAS scores from 4.26 
preoperatively to 1.5 postoperatively (p<0.001). 
Patients with L4-5 herniations showed the 
most substantial decrease in VAS scores, which 
may be attributed to the high prevalence of this 
level in the cohort and its relatively accessible 
anatomy during endoscopic procedures. 
The L3-4 group exhibited slightly less 
improvement, possibly due to more complex 
anatomical constraints or smaller sample size. 
Moreover, laterality seemed to influence 
outcomes. Left-sided herniations had a 
marginally greater VAS improvement than right-
sided ones. While the clinical relevance remains 
to be fully clarified, this could be partially 
attributed to the surgeon’s right-handedness, 
which might facilitate better access and control 
during decompression on one side. Future 
studies with detailed documentation of surgeon 
handedness and operative technique may help 
validate this observation.

A significant reduction in pain levels 
postoperatively as demonstrated in Table 
2. The mean VAS score dropped from 4.26 
preoperatively to 1.5 postoperatively, 
highlighting the effectiveness of BESS in relieving 
pain. This result is statistically significant (p 
< 0.001) and consistent with the findings of 
Kim et al., where patients reported significant 
pain relief after undergoing BESS.10 The ability 
of BESS to reduce pain while minimizing soft 
tissue damage has made it an attractive option 
compared to traditional open surgery, which 
typically involves longer recovery times and 
more extensive postoperative pain.

Functional outcomes were measured 
using MacNab’s Criteria, as shown in table 3. 
The majority of patients (57.1%) achieved 
MacNab Grade 2 (occasional pain, no significant 
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interference with daily activities), while 36.7% 
of patients were classified as Grade 1 (no pain, no 
restriction of activity). Only 6.4% fell into Grade 
3 (improved but with intermittent pain affecting 
activities). These outcomes are consistent with 
previous study that reported 87% of patients 
treated with BESS achieved either excellent or 
good results according to MacNab’s Criteria.11

The results of this study align closely with 
previous research on BESS and other minimally 
invasive spine surgery techniques. Similar 
positive outcomes in patients with spinal 
stenosis treated with BESS, with 81% achieving 
good or excellent results and significant 
improvements in functional outcomes after BESS 
procedures.12,13 The reduction in postoperative 
pain and improved functionality found in this 
study further reinforce the growing body of 
evidence that BESS is an effective technique for 
the treatment of lumbar disc herniation.

However, while the outcomes are promising, 
the complication rate must also be considered. 
In this study, two cases of dural tears and 
intraoperative bleeding were reported, which 
corresponds to a 4% complication rate. This is 
in line with other studies such as those where 
dural tears and minor intraoperative bleeding 
were among the most commonly reported 
complications during BESS procedures.10,14 
Despite these complications, the minimally 
invasive nature of BESS offers a significant 
advantage over traditional open surgeries, 
which are often associated with higher rates of 
infection, blood loss, and prolonged recovery 
times.5

Another important consideration is the 
anatomical characteristics of the disc bulging 
itself. The size of the bulge may play a critical 
role in the likelihood of complications, such 
as dural tears and intraoperative bleeding, as 
observed in two cases in this study. Larger or 
more protrusive disc bulges can make surgical 
access more challenging, increase manipulation 
of neural structures, and thereby raise the risk of 
iatrogenic injury.

Additionally, the spatial relationship between 
the herniated disc and the adjacent nerve root 
deserves attention. Depending on whether the 
nerve root is displaced laterally, compressed 
centrally, or lies directly over the bulging disc, 
the complexity of the surgical procedure and the 
risk of complications may vary. Discussing these 
anatomical nuances could help in preoperative 
planning and in anticipating technical difficulties 
during BESS procedures.

A key strength of this study is the detailed 

analysis of both pain reduction and functional 
recovery, which provides a comprehensive 
evaluation of the BESS technique. Additionally, 
the use of objective criteria such as the VAS for 
pain and MacNab’s Criteria for functionality 
ensures that the outcomes are both measurable 
and comparable to previous research.

However, this study has several limitations. 
First, the sample size of 49 patients, while 
adequate for a preliminary analysis, is relatively 
small compared to larger studies. A larger patient 
population would allow for more generalizable 
conclusions. Additionally, the follow-up period 
was not extensive, limiting the ability to 
assess long-term outcomes and potential late 
complications. Future studies should aim for 
a longer follow-up to evaluate the durability of 
the surgical results over time. Finally, while this 
study highlights the efficacy of BESS, it does not 
address the steep learning curve associated with 
mastering the technique. Surgeons unfamiliar 
with BESS may experience higher complication 
rates until they achieve proficiency. 

In conclusion, BESS is a highly effective and 
minimally invasive approach for treating lumbar 
disc herniation. Significant reductions in pain 
and improvements in functional outcomes were 
observed, with a relatively low complication 
rate. Despite the technical challenges and steep 
learning curve, BESS offers several advantages 
over conventional open spine surgeries, including 
reduced tissue damage, faster recovery, and 
lower complication rates. However, to enhance 
the understanding and safety of the procedure, 
future studies should incorporate additional 
findings such as the size and anatomical 
positioning of the disc bulge, as well as the spatial 
relationship of the nerve root to the herniated 
disc. These factors may have critical implications 
for complication risks and surgical strategy, and 
their inclusion could greatly benefit preoperative 
planning and overall outcomes in BESS. 
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