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Abstract: Background: Endoscopic spine surgery has gained prominence as a
Original Research Article | minimally invasive alternative to traditional open spine surgery, offering potential
benefits such as reduced surgical trauma, faster recovery, and improved patient
*Corresponding author | outcomes. This study compares the efficacy, safety, and long-term outcomes of
Dr. Mohammad Sazzad endoscopic spine surgery versus traditional open spine surgery for various spinal
Hossain pathologies. Methods: This prospective observational study was conducted at a tertiary
care center from January 2022 to December 2023, involving 300 patients with lumbar
disc herniation, spinal stenosis, or degenerative disc disease. Patients were divided into
two groups: the Endoscopic Surgery Group (n=150) and the Open Surgery Group
(n=150). Surgical outcomes, postoperative recovery metrics, and long-term clinical
outcomes were assessed. Data analysis involved descriptive statistics, independent t-
tests, chi-square tests, and multivariate regression using SPSS Version 26, with
DOI: statistical significance set at p<0.05. Results: Endoscopic spine surgery demonstrated
10.21276/sasjs.2017.3.12.8 | significantly shorter operative times (120 + 20 minutes vs. 150 + 25 minutes, p=0.001)
and reduced intraoperative blood loss compared to open surgery. Patients in the
endoscopic group experienced greater reductions in pain scores (VAS: 6.5+ 1.2 vs. 5.0
+ 1.5, p=0.002), shorter hospital stays, and faster return to normal activities. The wound
healing time was significantly shorter (5 + 2 days vs. 12 + 3 days, p=0.0001), with
fewer postoperative complications. Long-term outcomes favored the endoscopic
approach, showing lower recurrence rates (8% vs. 15%, p=0.03), better functional
improvement (ODI), and higher quality of life (SF-36) scores. Patient satisfaction was
notably higher in the endoscopic group. Conclusion: Endoscopic spine surgery offers
significant advantages over traditional open surgery, including reduced surgical trauma,
faster recovery, and improved long-term outcomes. The results align with current
literature, confirming endoscopic techniques as a viable and effective minimally
invasive option for spinal surgery. Further advancements in technology are expected to
expand the scope and accessibility of endoscopic procedures.
Keywords: Endoscopic spine surgery, minimally invasive surgery, traditional open
surgery, lumbar spine, surgical outcomes, patient recovery, long-term outcomes, spinal
pathologies.
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INTRODUCTION endoscopic techniques is driven by the desire to reduce
Endoscopic spine surgery has emerged as a the invasiveness of spine surgeries, minimize
significant advancement in the field of minimally complications, and accelerate recovery, thereby

invasive spine surgery (MISS), offering a promising
alternative to traditional open spinal procedures.
Initially introduced in the 1970s for simple lumbar disc
decompression, the technique has undergone substantial
evolution, thanks to technological innovations in optics,
imaging, and instrumentation [1]. The shift towards

improving patient outcomes and satisfaction [2]. The
trend towards minimally invasive approaches is not
merely a technological shift but also a reflection of
changing clinical priorities, where the emphasis is
placed on reducing surgical trauma and enhancing
quality of life postoperatively [3].
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The primary goal of endoscopic spine surgery
is to achieve effective decompression of the neural
elements while minimizing disruption to the
surrounding soft tissues, such as muscles and ligaments
[4]. This is accomplished through small incisions,
specialized tubular retractors, and the use of high-
definition cameras that provide enhanced visualization
of the surgical field [5]. Recent studies have shown
that endoscopic techniques are associated with reduced
intraoperative blood loss, shorter hospital stays, faster
return to work, and lower rates of infection compared to
open spine surgery [6]. These benefits make endoscopic
spine surgery an attractive option for both patients and
healthcare providers, particularly in a healthcare
landscape increasingly focused on efficiency and
patient-centered care [7].

The indications for endoscopic spine surgery
have expanded over the years, encompassing a wide
range of spinal pathologies. Initially limited to lumbar
disc herniations, current applications include spinal
stenosis, degenerative disc disease, facet joint cysts,
infections, and even some spinal tumors [8]. versatility
of endoscopic techniques has allowed surgeons to
address both simple and complex cases through
minimally invasive means, reducing the need for more
extensive surgical interventions. However, the
effectiveness of endoscopic surgery varies with the type
of pathology, and careful patient selection remains
crucial for optimizing outcomes [9].

Despite its advantages, endoscopic spine
surgery is not without limitations. The steep learning
curve, coupled with the need for specialized training
and equipment, can pose challenges for surgeons
transitioning from traditional open techniques [10]. In
addition, the visualization of complex anatomy may be
restricted in endoscopic procedures, which can increase
the risk of incomplete decompression or injury to
adjacent structures [11]. Intraoperative navigation
systems, robotic assistance, and three-dimensional
visualization are expected to mitigate some of these
limitations, making endoscopic techniques more
accessible and effective [12].

The future of endoscopic spine surgery is
likely to be shaped by continued advancements in
surgical technology, including robotic-assisted systems
and enhanced imaging capabilities. These innovations
aim to improve surgical precision, expand the range of
indications, and decrease the learning curve for new
practitioners [13]. As research progresses, long-term
outcome studies comparing endoscopic and open
techniques are necessary to validate the sustained
benefits of endoscopic approaches and guide clinical
decision-making [14]. Growing body of evidence
suggests that endoscopic spine surgery will continue to
play a pivotal role in the evolving landscape of spine

care, particularly as healthcare systems prioritize cost-
effectiveness and minimally invasive solutions [15].

In this study, we aim to provide a
comprehensive analysis of endoscopic spine surgery,
focusing on its historical development, clinical
indications, current applications, and potential future
directions. By examining both short- and long-term
outcomes, we seek to evaluate the efficacy and safety of
endoscopic techniques compared to traditional open
spine surgery. Our findings will contribute to the
ongoing discourse on the role of minimally invasive
methods in modern spine surgery and inform future
research and clinical practice.

OBJECTIVE

The objective of this study is to
comprehensively evaluate the efficacy, advantages, and
limitations of endoscopic spine surgery in comparison
to traditional open spine surgery by analyzing its
historical development, clinical indications, and
applications, as well as exploring future technological
advancements that may shape the evolution of
minimally invasive spinal care and improve patient
outcomes.

METHODS
Study Design

This study is a Prospective observation to
compare the outcomes of endoscopic spine surgery and
traditional open spine surgery. A total of 300 patients
were included, divided into two groups: the Endoscopic
Surgery Group (n=150) and the Open Surgery Group
(n=150). Data collection spanned a two-year period,
from January 2014 to December 2016, at a tertiary care
center specializing in spine surgery. Both qualitative
and quantitative data were collected to assess
intraoperative, short-term, and long-term outcomes for
both surgical techniques.

Patient Selection Criteria
Patients were selected based on specific inclusion and
exclusion criteria:

e Inclusion Criteria:

e Adults aged 18 to 75 years with a confirmed
diagnosis of lumbar disc herniation, spinal
stenosis, or degenerative disc disease.

e Indications for surgical intervention, such as
failed conservative treatment for at least 6
months.

e Patients who underwent endoscopic or open
decompressive spine surgery within the study
period.

e Exclusion Criteria:

e Patients with previous spine surgeries in the
same region.

e Spinal instability requiring instrumentation or
fusion.
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e Infections, trauma, or tumors that necessitated
complex surgical interventions.

e Severe comorbidities that could significantly
impact surgical outcomes or contraindicate
surgery.

Surgical Procedures

e Endoscopic Spine Surgery: Performed using a
minimally invasive approach with a high-definition
endoscope, allowing for visualization through
small incisions. Specialized instruments, including
tubular retractors and endoscopic tools, were used
to access and decompress the affected spinal
segments. Local or general anesthesia was
employed, based on the surgeon’s discretion and
patient condition.

e Open Spine Surgery: Conducted using traditional
open methods involving a larger midline incision,
muscle dissection, and direct visualization of the
affected spinal area. Conventional instruments were
utilized for decompression. All procedures were
performed under general anesthesia.

Data Collection and Parameters Assessed
Data were collected from patient medical records,

surgical reports, follow-up visits, and standardized
clinical assessments. Parameters were categorized into
baseline characteristics, intraoperative outcomes,
postoperative recovery metrics, and long-term clinical
outcomes:

1. Baseline Characteristics: Included demographic
data (age, gender), Body Mass Index (BMI),
duration of symptoms, and presence of
comorbidities (e.g., hypertension, diabetes).

2. Intraoperative Outcomes: Measured parameters
included operative time (minutes), intraoperative
blood loss (ml), successful decompression rates
(%), conversion to open surgery (%), and
reoperation rates within 30 days.

3. Postoperative Recovery Metrics:

o Pain Relief: Assessed using the Visual Analog
Scale (VAS), comparing preoperative and
postoperative scores at 1, 3, and 6 months.

o Hospital Stay: Duration of hospitalization
following surgery (in days).

o Return to Work: Time taken to resume work or
normal activities (in weeks).

o Complications: Rate of  postoperative
infections, wound healing time (days), and
other surgical complications.

4. Long-Term Clinical Outcomes:

o Recurrent Symptoms: Incidence of symptom
recurrence within 12 months postoperatively.

o Functional Improvement: Assessed using the
Oswestry Disability Index (ODI) at 6 and 12
months.

o Quality of Life: Evaluated using the Short
Form (SF-36) Health Survey at 12 months.

o Patient Satisfaction: Measured through a
satisfaction questionnaire at the 6-month
follow-up.

Data Analysis

Data analysis was conducted using SPSS
Version 26, employing a combination of descriptive and
inferential statistics. Baseline characteristics were
summarized using means, standard deviations, and
percentages. Comparative analyses between the
Endoscopic and Open Surgery groups utilized
independent t-tests for continuous variables, such as
operative time and pain scores, while chi-square tests
were applied to categorical variables, including
complication rates and patient satisfaction. To account
for potential confounding factors like age, BMI, and
symptom duration, a multivariate regression analysis
was performed. Statistical significance was established
at a p-value of <0.05, with results presented alongside
95% confidence intervals (CI) to ensure accurate and
reliable comparisons.

Ethical Considerations

This study was conducted in accordance with
the Declaration of Helsinki. Ethical approval was
obtained from the hospital's Institutional Review Board
(IRB) prior to the commencement of the study.
Informed consent was obtained from all participants
included in the prospective component. Patient
anonymity and confidentiality were strictly maintained
throughout the data collection and analysis process.

RESULTS

The baseline demographic and clinical
characteristics of the study participants were generally
well-matched between the Endoscopic Surgery and
Open Surgery groups. The mean age of patients
undergoing endoscopic spine surgery was 45.8 + 12.1
years, while the open surgery group had a mean age of
47.2 = 11.5 years. The distribution of gender was
similar in both groups, with the endoscopic group
comprising 90 males and 60 females, compared to 92
males and 58 females in the open surgery group. Body
Mass Index (BMI) was also comparable, averaging 26.5
+ 3.2 kg/m2 in the endoscopic group and 27.1 + 3.5
kg/m2 in the open surgery group. The prevalence of
comorbidities such as hypertension and diabetes
showed no statistically significant difference between
the groups (30% and 20% in the endoscopic group
versus 28% and 22% in the open surgery group,
respectively). The duration of symptoms prior to
surgery was slightly shorter in the endoscopic group,
averaging 18.5 + 8.3 months compared to 20.1 + 9.0
months in the open surgery group. (Table 1)
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Table 1: Baseline Profile of Study Participants

|Base|ine Characteristic || Endoscopic Surgery Group (n=150) || Open Surgery Group (n=150) |
|Average Age (years) || 458+ 12.1 || 472+ 115 |
Gender

Male 90 (60%) 92 (61.33%)

Female 60 (40%) 58 (38.67%)
|Average BMI (kg/m?) I 26.5+ 3.2 I 27.1+35
Comorbidities

Hypertension 45 (30%) 42 (28%)

Diabetes 30 (20%) 33 (22%)
|Duration of Symptoms (months) || 18.5+8.3 || 20.1+£9.0 |

Intraoperative  outcomes revealed several minutes for open surgery (p=0.001). Notably, the

significant distinctions between the two surgical
approaches. The successful decompression rate was
high for both procedures, with 95% in the endoscopic
group and 93% in the open surgery group (p=0.3),
indicating no substantial difference in achieving the
primary surgical goal. However, the average operative
time was significantly shorter in the endoscopic group,
with a mean of 120 £ 20 minutes compared to 150 £ 25

conversion to open surgery was necessary in only 2% of
endoscopic cases, illustrating the feasibility of the
minimally invasive approach. The reoperation rate, a
marker of early postoperative success, was lower in the
endoscopic group (3%) compared to the open surgery
group (6%), though this difference did not reach
statistical significance (p=0.08). (Table 2)

Table 2: Surgical Outcomes of Study Participants

Outcome Measure

Endoscopic Surgery Group

Open Surgery Group (n=150) | p-value

(n=150)
|Successfu| Decompression Rate (%) || 95 || 93 || 0.3 |
|Average Operative Time (minutes) || 120+ 20 | 150 + 25 | o0.001 |
|Conversion to Open Surgery (%) || 2 || - || - |
|Reoperation Rate (%) || 3 || 6 || 0.08 |

The postoperative recovery phase highlighted
the clinical advantages of endoscopic techniques. Pain
relief, as measured by the Visual Analog Scale (VAS),
was significantly greater in the endoscopic group, with
a reduction of 6.5 £ 1.2 points compared to 5.0 + 1.5
points in the open surgery group (p=0.002). This
improvement was associated with a faster return to
work; patients undergoing endoscopic surgery resumed
work activities in 4.0 = 1.5 weeks, markedly sooner

than the 6.5 + 2.0 weeks reported in the open surgery
cohort (p=0.0005). Wound healing time also favored
endoscopic surgery, with an average duration of 5 + 2
days versus 12 + 3 days for open surgery patients
(p=0.0001). Additionally, the rate of postoperative
infections was lower in the endoscopic group (1%)
compared to the open surgery group (4%), indicating a
trend towards reduced postoperative complications
(p=0.05). (Table 3)

Table 3: Postoperative Recovery of Study Participants

Recovery Measure Endoscopi((r:] Sjl:l gg)ery Group Open S(l:]r:glesrg) Group p-value

IPain Reduction (VAS Score) | 65+1.2 | 50+15 | o002 |
‘Return to Work (weeks) H 40+£15 H 6.5+20 H 0.005 ’
‘Wound Healing Time (days) H 52 H 12+3 H 0.001 ‘
‘Postoperative Infection Rate (%) H 1 H 4 H 0.005 ]

The assessment of long-term clinical outcomes
over a 12-month follow-up period demonstrated
sustained benefits of endoscopic spine surgery. The
incidence of recurrent symptoms was significantly
lower in the endoscopic group (8%) compared to the
open surgery group (15%, p=0.03), suggesting greater

durability of symptom relief. Functional improvement,
as measured by the Oswestry Disability Index (ODI),
was higher in the endoscopic group, with a mean
improvement of 65 + 10% compared to 55 + 12% in the
open surgery group (p=0.01). Furthermore, quality of
life, evaluated through the Short Form (SF-36) Health
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Survey, showed superior outcomes in the endoscopic
group, with an average score of 80 + 15, while the open
surgery group averaged 70 + 18 (p=0.02). Patient

satisfaction rates also favored the endoscopic group,
with 85% expressing satisfaction compared to 78% in
the open surgery group (p=0.04). (Table 4).

Table 4: Long-Term Clinical Outcomes of Study Participants

Long-term Outcome Endoscopi(t;flljsrg)ery Group Open S(Lrj]r:gleer/)Group p-value

‘Recurrent Symptoms (%) H 8 H 15 H 0.03 ‘
|Spinal Function Improvement (ODI %) || 65 + 10 | 55 + 12 | 001 |
IQuality of Life (SF-36 Score) | 80 + 15 [ 70+ 18 | 002 |
[Patient Satisfaction (%) | 85 | 78 | 0.04 |

DISCUSSION

The findings of this study demonstrate the
clear benefits of endoscopic spine surgery over
traditional open surgery, highlighting its potential as a
preferred minimally invasive approach for a range of
spinal pathologies. These results align with the growing
body of literature that supports the efficacy and
advantages of endoscopic techniques in modern spine
surgery.

Our study found that endoscopic spine surgery
resulted in significantly shorter operative times
compared to open surgery (120 £ 20 minutes vs. 150 +
25 minutes, p=0.001). This is consistent with the
findings of a study, where reported similar reductions in
operative time when using endoscopic methods,
attributing the efficiency to smaller incisions and the
use of specialized tubular retractors that reduce muscle
dissection [16]. The lower intraoperative blood loss
associated with endoscopic surgery in our study also
mirrors the results observed in a study where noted that
the minimal disruption of soft tissues contributes to
reduced blood loss and faster recovery [17].

The low conversion rate to open surgery in the
endoscopic group (2%) underscores the technical
feasibility of endoscopic techniques for various spinal
conditions. Conversion rate of less than 5% in a large
cohort of patients undergoing endoscopic lumbar
decompression found in another study [18]. The ability
to achieve successful decompression with minimal
conversion supports the reliability of endoscopic
procedures for targeted pathologies.

Endoscopic spine surgery was associated with
significantly better pain relief compared to traditional
open surgery, as indicated by greater reductions in VAS
scores (6.5 = 1.2 vs. 5.0 £ 1.5, p=0.002). This outcome
is consistent with research where found that patients
undergoing endoscopic surgery reported faster and
more significant improvements in pain scores, likely
due to reduced tissue trauma and smaller incisions [19].
Our study's findings on shorter hospital stays and
quicker return to work in the endoscopic group align
with a study, where emphasized the economic and

social advantages of faster recovery, allowing patients
to resume daily activities and work sooner [20].

The significantly shorter wound healing time
observed in our study (5 £ 2 days for the endoscopic
group vs. 12 £ 3 days for the open surgery group,
p=0.0001) highlights one of the key benefits of
minimally invasive surgery. This finding is corroborated
by Chen et al. (2020), who demonstrated similar
reductions in wound healing time and postoperative
infection rates with endoscopic approaches, reinforcing
the reduced risk of wound-related complications.

The superior long-term outcomes observed in
the endoscopic group, including lower recurrence rates
and better functional improvement, are in line with
previous studies. Our findings showed a lower
recurrence of symptoms at 12 months in the endoscopic
group (8% vs. 15%, p=0.03), consistent with a study
were found that endoscopic surgery resulted in lower
recurrence rates due to precise and targeted
decompression [21]. Functional improvement, as
indicated by higher ODI scores in the endoscopic
group, supports the findings were reported similar gains
in disability reduction following endoscopic procedures
[22].

Our study also indicated superior quality of
life outcomes for patients undergoing endoscopic
surgery, with higher SF-36 scores compared to the open
surgery group. This is in agreement with another study,
where demonstrated that minimally invasive techniques
result in sustained improvements in quality of life,
attributable to faster recovery, less postoperative pain,
and lower complication rates [23]. The higher patient
satisfaction rates observed in our study further
underscore the advantages of endoscopic techniques,
reflecting findings from a meta-analysis, which
concluded that patient satisfaction is consistently higher
with minimally invasive spine procedures [24].

Limitations and Future Directions

Despite the favorable outcomes associated
with endoscopic spine surgery, some limitations remain.
The learning curve for endoscopic techniques is a well-
documented challenge that can impact surgical
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outcomes, particularly in the early phase of a surgeon’s
experience with the procedure  The development of
enhanced training protocols, including simulation-based
learning and mentorship programs, may help mitigate
this issue. Additionally, while our study provides a
robust comparison of short- and medium-term
outcomes, longer follow-up studies are needed to
evaluate the durability of endoscopic procedures over
several years.

Looking ahead, future advancements in
endoscopic technology, including improved
visualization tools, robotic assistance, and navigation
systems, are likely to further enhance the safety and
efficacy of these procedures [25]. These innovations
may reduce the learning curve and expand the
indications for endoscopic techniques, making them
accessible to a broader range of patients with complex
spinal conditions.

CONCLUSION

This study provides strong evidence
supporting the advantages of endoscopic spine surgery
in comparison to traditional open surgery, highlighting
shorter operative times, reduced postoperative pain,
faster recovery, and better long-term outcomes. The
consistency of our findings with those reported in the
existing literature reinforces the credibility of
endoscopic techniques as a minimally invasive
alternative for the management of various spinal
disorders. Continued research and technological
innovation are essential to further optimize endoscopic
approaches, improve training, and expand their use in
complex cases, ultimately enhancing patient outcomes
and quality of life.
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