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INTRODUCTION

radiological, and perioperative outcomes of full-endoscopic lumbar
discectomy using the trans—superior articular process (Trans-SAP)
approach in patients with lumbar disc herniation treated at a tertiary
referral center in Vietnam. Methods: A prospective observational
study was conducted on 62 consecutive patients with single-level
lumbar disc herniation who underwent Trans-SAP full-endoscopic
lumbar discectomy between June 2023 and September 2024. Clinical
outcomes were assessed using the Visual Analog Scale (VAS) for leg
pain, the Oswestry Disability Index (ODI), and the modified MacNab
criteria. Radiological outcomes were evaluated by postoperative
magnetic ~ resonance  imaging. Perioperative ~ parameters,
complications, reoperation rate, hospital stay, cost, and return-to-
work time were recorded. Results: The mean VAS score for leg pain
significantly decreased from 6.87 + 0.76 preoperatively to 1.98 *
1.09 at final follow-up (p < 0.001), while the ODI improved from
57.0 £ 7.7% to 11.1 + 5.5% (p < 0.001). Excellent or good outcomes
according to the MacNab criteria were achieved in 88.5% of patients.
Adequate radiological decompression was confirmed in 93.4% of
cases. Complications occurred in 6.6% of patients, and the
reoperation rate was 1.6%. The mean hospital stay was 1.1 + 0.3
days, and most patients returned to work within 2—6 weeks.
Conclusion: Full-endoscopic lumbar discectomy via the Trans-SAP
approach is a safe and effective technique for lumbar disc herniation,
including anatomically complex cases. It provides significant pain
relief, functional recovery, high rates of radiological decompression,
and favorable perioperative outcomes, supporting its broader
application in routine clinical practice.

Keywords: Lumbar disc herniation, Full-endoscopic lumbar
discectomy, Trans—superior articular process approach, Minimally
invasive spine surgery, Clinical outcomes.

patients, surgical intervention is required

Lumbar disc herniation is a leading cause of low
back pain and sciatica, imposing a substantial burden
on quality of life and healthcare systems worldwide
[1-3]. Tt results from displacement of nucleus
pulposus material through the annulus fibrosus,
leading to mneural compression and radicular
symptoms, and affects approximately 12% to 40% of
adults, with peak incidence between 30 and 50 years
of age and a higher prevalence in men [1, 2, 4-6].
Established risk factors include age, obesity,
smoking,  cardiovascular  comorbidities, and
occupational lumbar loading, while pathological
forms range from disc bulge and protrusion to
extrusion and sequestration [4, 6, 7]. Although
conservative management remains effective for many

refractory cases, with minimally invasive endoscopic
techniques increasingly favored due to clinical
outcomes comparable to open microdiscectomy and
the advantages of reduced tissue injury, shorter
hospitalization, and faster recovery [5, 7-9].
Accumulating evidence from randomized trials and
meta-analyses demonstrates that both approaches
provide comparable clinical outcomes, patient
satisfaction, and overall recall or complication rates
[10-13]. Nevertheless, important technical differences
have been reported. The interlaminar approach is
consistently associated with shorter operative times
and lower radiation exposure, particularly at the L5—
S1 level, whereas the transforaminal approach often
requires greater technical expertise and increased
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fluoroscopic guidance. Although both techniques
show low rates of dural tears and reherniation, some
studies suggest a slightly higher incidence of dural
injury and persistent muscle weakness with the
transforaminal route [11, 13].

Anatomical variations of the superior articular
process (SAP) present a significant challenge to
standard  transforaminal = endoscopic  access,
especially in patients with foraminal narrowing or
SAP hypertrophy. To address these limitations,
modified techniques such as the transfacet and trans—
superior articular process approaches have been
introduced, allowing safe endoscopic access while
maintaining spinal stability [14, 15]. Recent
systematic reviews and treatment algorithms
emphasize that selection of the endoscopic route
should be individualized based on disc herniation
morphology, spinal level, and patient-specific
anatomy. While the transforaminal approach is
generally preferred for foraminal or extraforaminal
herniations and upper lumbar levels, the interlaminar
route is favored for central or subarticular herniations
at L4-L5 and L5-S1, particularly in the presence of a
high iliac crest or SAP hypertrophy. In this context,
the trans-SAP approach represents an important
technical adaptation that expands the indications of
endoscopic discectomy in anatomically complex
cases [11, 12, 15].

Despite the growing global adoption of endoscopic
lumbar discectomy and the increasing refinement of
techniques such as the trans-SAP, evidence from
Southeast Asia, and particularly from Vietnam,
remains limited. Differences in patient
characteristics, spinal anatomy, disease presentation,
surgeon experience, and healthcare systems
underscore the need for region-specific data to
validate the safety, feasibility, and effectiveness of
advanced endoscopic approaches in routine clinical
practice. Therefore, the objective of this study was to
prospectively evaluate the clinical, radiological, and
perioperative outcomes of full-endoscopic lumbar
discectomy using the Trans-SAP approach in
patients with lumbar disc herniation treated at a
tertiary referral center in Vietnam, with particular
attention to its applicability in anatomically
challenging cases involving foraminal or migrated
disc herniations.

MATERIALS AND METHODS

Study Design and Patients

This prospective observational study included 62
consecutive patients diagnosed with lumbar disc
herniation who underwent full-endoscopic lumbar
discectomy using the Trans—superior articular
process (Trans-SAP) approach at the Department of
Spine Surgery, Viet Duc University Hospital, Hanoi,
Vietnam, between June 2023 and September 2024.
All surgical procedures were performed by the same
specialized endoscopic spine surgery team to ensure

procedural consistency and minimize operator-
related variability. The study protocol was reviewed
and approved by the Institutional Ethics Committee
of Hanoi Medical University, and written informed
consent was obtained from all participants prior to
enrollment.

Eligible patients met predefined inclusion criteria,
which comprised a single-level lumbar disc
herniation confirmed by magnetic resonance
imaging, accompanied by unilateral or bilateral
radicular leg pain consistent with imaging findings.
Imaging evidence was required to demonstrate disc
herniation corresponding to the clinical radicular
symptoms, with or without associated foraminal
stenosis caused by factors such as facet hypertrophy,
disc protrusion, or ligamentous thickening. In
addition, all patients had failed to achieve sufficient
clinical improvement after at least six weeks of
conservative treatment.

Patients were excluded if they presented with
multilevel disc herniation or coexisting spinal
instability or spondylolisthesis. Other exclusion
criteria included a high iliac crest at the L5-S1 level
that prevented endoscopic access, cauda equina
syndrome, severe chronic nerve root injury
associated with muscle atrophy, spinal infection,
tumor, or other space-occupying lesions. Patients
with severe systemic comorbidities, such as advanced
hepatic or renal failure, coagulopathy, or active
systemic infection, as well as those with congenital or
acquired spinal deformities in the lumbosacral
region, were also excluded.

Surgical Considerations

The Trans-SAP approach was performed under
general anesthesia with the patient placed in the
prone position, in accordance with standard
principles of endoscopic lumbar discectomy. As the
technical aspects of the Trans-SAP technique have
been extensively described in previous studies, they
are not reiterated in detail here. Instead, the present
study emphasizes several practical intraoperative
observations related to anatomical orientation that
were found to be particularly relevant during the
early adoption phase of this technique.

One of the most common intraoperative challenges
encountered during Trans-SAP endoscopy is loss of
anatomical orientation when localizing the superior
articular process, especially in patients with facet
hypertrophy  or  atypical bony  anatomy.
Misidentification of the superior articular process
may result in incorrect drilling direction, insufficient
decompression, or excessive resection of the facet
joint. Based on accumulated intraoperative
experience, several consistent anatomical landmarks
were identified as reliable indicators for confirming
the superior articular process and defining safe
working boundaries.

The first key landmark is the attachment of the
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ligamentum flavum. The ligamentum flavum firmly
attaches to the apex of the superior articular process,
forming a clear anatomical boundary between the
facet joint and the spinal canal. Under endoscopic
visualization, this ligament can be observed running
along the medial edge of the superior articular
process. Careful dissection and incision of the
ligament at its attachment point not only aid in
confirming the medial border of the superior articular
process but also facilitate exposure of the exiting
nerve root and expansion of the working corridor.
The second important landmark is the natural
anterior space represented by the intervertebral
foramen, which lies immediately anterior to the
superior articular process. When the superior
articular process is correctly identified, the area in
front of it appears as a natural cavity rather than
solid bone. Recognition of this space helps define the
anterior boundary of the superior articular process
and reduces the risk of unintentional injury to the
exiting nerve root.

The third anatomical cue is the bony arch formed by
the superior articular process and the pedicle.

Together, these structures create an arch-shaped
osseous configuration that marks the inferior
boundary of the operative field. As the endoscope is
advanced caudally, visualization of this dense bony
arch signals the lower limit of safe drilling. Accurate
identification of this structure helps prevent excessive
bone removal into the pedicle and minimizes the risk
of foraminal nerve injury.

Once the superior articular process was clearly
identified, limited bone resection was performed
along its anterior aspect, following the attachment
line of the ligamentum flavum. High-speed diamond
burrs were used to gradually thin the cortical bone
until a characteristic arched configuration, formed by
the remaining superior articular process and pedicle,
became visible. This configuration opened the
pathway toward the lateral recess and served as a
critical orientation reference throughout the
decompression process.

Figure 1. (A) Identification and marking of the skin incision site. (B) Introduction and positioning of the needle
followed by working tube under fluoroscopic guidance (anteroposterior view). (C) Confirmation of the working
tube position under fluoroscopic guidance (lateral view).
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Figure 2. Main surgical procedures under endoscopy.

(A, B) Exposure of the superior articular process
(SAP) and identification of the ligamentum flavum
(LF) attachment at the apex of the SAP. (C) Partial
resection of the SAP using a high-speed burr to
enlarge the intervertebral foramen. (D) Removal of
the herniated disc fragment causing nerve root
compression. (E) Adequate decompression with a
freely mobilized tranversing nerve root (TNR) after
removal of the herniated disc. DH: disc herniation,
IVD: intravertenral disc.

Outcome Measures

Clinical outcomes were evaluated using standardized
and validated assessment tools. Pain intensity was
measured using the Visual Analog Scale for both leg
pain and back pain. Functional disability was
assessed using the Oswestry Disability Index, while
overall patient satisfaction was evaluated according
to the modified MacNab criteria at the final follow-
up.

Radiological outcomes were assessed using magnetic
resonance imaging performed both preoperatively
and postoperatively to confirm adequate neural
decompression and to identify the absence of residual
or recurrent disc fragments. Intraoperative and
perioperative parameters, including operative time,
length of hospital stay, and procedure-related
complications, were systematically recorded.
Economic feasibility was also assessed by
documenting the total surgical cost after

reimbursement by the national health insurance
system. In addition, the time required for patients to
return to work was recorded for each case, based on
postoperative recovery status and occupational
demands.

Follow-up

All patients were evaluated by the same surgical
team throughout the follow-up period to ensure
consistency in clinical assessment. Scheduled follow-
up visits were conducted at 1 day, 1 month, 6
months, and at least 12 months postoperatively. At
each visit, patients underwent clinical evaluation
including Visual Analog Scale and Oswestry
Disability Index scoring, as well as a detailed
neurological examination to detect any sensory or
motor deficits.

Final follow-up data obtained at 12 months or later
were used for the primary outcome analysis.
Postoperative magnetic resonance imaging was
performed either during a scheduled follow-up visit
or immediately in cases where new or recurrent
symptoms were reported, in order to confirm
adequate neural decompression and exclude residual
or recurrent disc herniation. All adverse events and
postoperative complications, such as dural tears,
transient dysesthesia, or infections, were documented
and analyzed.

STATISTICAL ANALYSIS
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All statistical analyses were performed using SPSS
software version 20 (IBM Corp., Armonk, NY,
USA). Continuous variables were expressed as mean
values with corresponding standard deviations, while
categorical variables were presented as percentages.
Comparisons between preoperative and
postoperative Visual Analog Scale and Oswestry
Disability Index scores were conducted using the
paired t-test for normally distributed data or the
Wilcoxon signed-rank test for non-normally
distributed data. A p-value of less than 0.05 was
considered to indicate statistical significance.
Subgroup analyses were additionally performed to
compare clinical outcomes between patients with
and without migrated or foraminal disc herniations,
in order to further evaluate the effectiveness of the
Trans-SAP approach in these more complex clinical
scenarios.

RESULTS

Table 1 summarizes the baseline demographic and
clinical characteristics of the 61 patients included in
the study. The mean age was 48.8 = 15.3 years
(range, 20-80), with a predominance of male patients
(63.9%). The most commonly operated level was L4—
L5 (62.3%), followed by L5-S1 (26.2%) and L3-L4
(11.5%). Contained disc herniation accounted for
64.0% of cases, while migrated or foraminal
herniations comprised 36.0%. The mean operative
time was 74.5 * 18.6 minutes, with an estimated
blood loss of 29 + 15 mL and an average hospital
stay of 1.1 = 0.3 days. All patients had a minimum
follow-up duration of 12 months (range, 12-18).
Complications occurred in 6.6% of patients,
including two dural tears and two cases of transient
dysesthesia, and the reoperation rate was 1.6%. The
mean total treatment cost was approximately 50
million VND (about USD 1,900-2,000).

Table 1. Baseline Demographic and Clinical Characteristics of Patients (n = 61)

Characteristics Group Frequency Percent (%)
Sex Male 39 63.9
Female 22 36.1
Age (years) mean * SD (range) 48.8 + 15.3 (20-80)
Operated level L3-1L4 7 11.5
L4-L5 38 62.3
L5-S1 16 26.2
Type of herniation Contained 39 64.0
Migrated / Foraminal 22 36.0
Operative time (min) mean + SD (range) 74.5 + 18.6
Estimated blood loss (mL) mean * SD (range) 29t 15
Hospital stay (days) mean * SD (range) 1.1£03
Complications Any complication 4 6.6
Dural tear 2 3.3
Transient dysesthesia 2 3.3
Reoperation Yes 1 1.6

Table 2 and Figure 1 presents the clinical and
radiological outcomes of the study. The mean Visual
Analog Scale score for leg pain decreased from 6.87
t 0.76 preoperatively to 2.10 = 1.21 at postoperative
day 1 and further to 1.98 = 1.09 at the final follow-up
(> 12 months), with a statistically significant
difference (p < 0.001). The Oswestry Disability Index
improved from 57.0 £ 7.7% before surgery to 11.1 +
5.5% at the final follow-up (p < 0.001). According to

the modified MacNab criteria, 88.5% of patients
achieved excellent or good outcomes. Adequate
radiological decompression on  postoperative
magnetic resonance imaging was observed in 93.4%
of cases. Residual asymptomatic disc herniation was
detected in 4.9% of patients, while recurrent
herniation occurred in 1.6%. Most patients returned
to light work within 2-3 weeks and to heavy work
within 4-6 weeks after surgery.
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Table 2. Clinical and Radiological Outcomes (n=61)

Outcome measure Preoperative Postoperative (1 Postoperative (> p-value
day) 12 months)

VAS (leg pain), mean + SD 6.87£0.76 2.10+£1.21 1.98 £ 1.09 <0.001

ODI (%), mean + SD 57.0x+7.7 — 11.1+£5.5 < 0.001

MacNab outcome — — 54 (88.5) —

(Excellent/Good), n (%)

Adequate radiological — — 57(93.4) —

decompression on MRI, n (%)

Residual disc herniation, n (%) — — 3 (4.9* —

Recurrent disc herniation, n (%) — — 1(1.6) —

Values are presented as mean * standard deviation unless
otherwise indicated, VAS, Visual Analog Scale; ODI

Figure 3. Postoperative MRI demonstrating complete neural decompression after Trans-SAP endoscopic lumbar
discectomy. Note: (A), (B): Pre-operative; (C), (D): Post-operative
Radiological outcomes in this study further support

DISCUSSION

This prospective study demonstrates that full-
endoscopic lumbar discectomy using the trans—
superior articular process approach provides effective
symptom relief, reliable neural decompression, and
an acceptable safety profile in patients with lumbar
disc herniation, including anatomically complex
cases. Overall, the procedure resulted in substantial
clinical improvement, low complication and
reoperation rates, short hospitalization, and
favorable economic feasibility in a Vietnamese
tertiary-care setting.

The Trans-SAP approach achieved marked and
sustained improvements in pain and functional
status, which are consistent with outcomes reported
for full-endoscopic transforaminal lumbar
discectomy in the international literature. Multiple
studies have demonstrated significant reductions in
VAS scores for leg pain, with mean values decreasing
from approximately 7.0-7.6 preoperatively to below
1.0 at long-term follow-up, including outcomes at 5
years [13, 16-18]. Improvements in functional
disability have been similarly robust, with Oswestry
Disability Index scores commonly declining from
around 60-70% before surgery to approximately 10%
at mid- and long-term follow-up [9, 16, 19-21]. High
patient satisfaction rates, with 93-94% of patients
reporting excellent or good outcomes, have also been
consistently reported after endoscopic discectomy
[10, 13], supporting the clinical relevance of the
improvements observed in the present cohort.

Oswestry Disability Index; *Asymptomatic residual disc
fragments detected on follow-up MRI.

the technical effectiveness of the Trans-SAP
approach. Adequate neural decompression was
achieved in more than 90% of cases on postoperative
magnetic resonance imaging, despite a substantial
proportion of patients presenting with migrated or
foraminal disc herniations. These morphologies are
widely recognized as technically demanding for
standard transforaminal endoscopic access due to
superior articular process hypertrophy or foraminal
narrowing [19, 21, 22]. Reported recurrence rates
following endoscopic lumbar discectomy typically
range from 2% to 8% in large series [16, 18, 23], and
the low rates of residual and recurrent disc herniation
observed in this study are comparable with these
benchmarks, suggesting that SAP-assisted access
provides sufficient working space and visualization
for effective decompression.

The perioperative safety profile observed in this
cohort aligns with published data on the feasibility of
endoscopic lumbar discectomy. Complication and
reoperation rates reported in the literature are
generally low and comparable to those of open
microdiscectomy, typically ranging between 2% and
8% [9, 10, 13, 24]. Although a learning curve has
been described for percutaneous endoscopic
techniques, with proficiency often achieved after
approximately 27-36 cases [21], outcomes from
experienced centers consistently demonstrate low
rates of neurological injury and revision surgery. The
favorable safety outcomes in this study support the
view that careful anatomical orientation and limited
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resection of the superior articular process can
mitigate procedure-related risks, even in complex
anatomical settings.

The minimally invasive nature of the Trans-SAP
technique is further reflected in its perioperative and
recovery-related advantages, which have been widely
documented. Endoscopic lumbar discectomy is
associated with smaller incisions, minimal blood
loss, and shorter hospital stays, typically ranging
from 1 to 4 days, when compared with open surgery
[13, 16, 19, 22]. These features facilitate early
mobilization and rapid return to work, contributing
to favorable functional and socioeconomic
outcomes. From an economic perspective, although
endoscopic procedures may involve higher upfront
costs related to specialized equipment and training,
cost-utility analyses indicate lower overall societal
costs and favorable quality-adjusted life year
outcomes compared with microdiscectomy [9, 18].
Together, these findings support the Trans-SAP
approach as a clinically effective, safe, and
economically reasonable extension of endoscopic
lumbar discectomy.

The results of this study support the Trans-SAP
endoscopic approach as an effective extension of
standard endoscopic lumbar discectomy techniques.
It appears particularly useful for patients with
foraminal stenosis, migrated disc herniation, or
superior articular process hypertrophy, in whom
conventional transforaminal access may be restricted.
Adoption of this technique may expand the
indications for endoscopic surgery while maintaining
favorable clinical, radiological, and economic
outcomes.

This study has several limitations. The single-center
design and lack of a comparative control group limit
direct comparison with interlaminar, standard
transforaminal, or open surgical approaches. The
sample size was moderate, and although all patients
were followed for at least 12 months, longer-term
data are needed to assess spinal stability and late
recurrence. Additionally, outcomes may reflect the
experience of a specialized endoscopic surgical team,
which may limit generalizability to lower-volume
centers.

CONCLUSION

Full-endoscopic lumbar discectomy via the trans—
superior articular process approach is a safe and
effective surgical option for lumbar disc herniation,
including cases with challenging anatomy. The
technique provides significant pain relief, meaningful
functional recovery, high rates of radiological
decompression, and low complication and
reoperation rates, with the added benefits of rapid
recovery and economic feasibility. Further
multicenter and comparative studies are warranted to
validate these findings and refine patient selection
criteria.
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