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Abstract
Thoracic disc herniation (TDH) is a relatively uncommon spinal disorder, and its 
surgical management remains technically challenging because of the complex 
regional anatomy and the risk of neural injury.  This study evaluates preliminary 
clinical outcomes of unilateral biportal endoscopic (UBE) discectomy via the far-
paraspinal approach (FPA) for TDH and details key surgical technical nuances. A 
retrospective analysis was conducted on five patients with TDH who underwent UBE-
FPA discectomy between December 2024 and April 2025. Preoperative neurological 
examinations showed varying degrees of muscle weakness, sensory deficits, and 
reduced tendon reflexes in corresponding spinal segments. The lateral offset of FPA 
was adjusted based on segmental anatomical differences. Intraoperative parameters 
(operative time, treated level) and postoperative outcomes (hospital stay) were 
recorded. Clinical efficacy was assessed using the visual analog scale (VAS), Oswestry 
Disability Index (ODI), and thoracic Japanese Orthopaedic Association (JOA) score. 
All five surgeries were completed successfully, with an operative time of 60–80 
min (mean, 67.5 min). No intraoperative complications or postoperative adverse 
events occurred. All patients were followed up for 6–12 months (mean, 9.4 months). 
Postoperative thoracic magnetic resonance imaging confirmed complete resection 
of herniated nucleus pulposus and adequate neural decompression in all cases. VAS 
and ODI scores showed sustained decreases, while JOA scores increased progressively 
at all postoperative time points (all p < 0.001). At six months postoperatively, the VAS 
score decreased from 6.8 ± 0.8 to 1.2 ± 0.4, the ODI improved from 56.0 ± 5.7% to 
9.0 ± 8.5%, and the JOA score increased from 4.6 ± 1.1 to 10.4 ± 1.7. Neurological 
reassessments during follow-up revealed substantial improvements in sensory 
disturbances and muscle weakness. With its unique anatomical trajectory, UBE-FPA 
discectomy offers distinct advantages by preserving spinal stability and reducing 
nerve injury risk, providing a novel therapeutic option for TDH management.
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1. Introduction
Thoracic disc herniation (TDH) is a clinically rare 
condition, with an incidence of approximately 1 per million 
population, and accounts for only 0.25–0.75% of all disc 
herniations.1,2 It primarily affects middle-aged and elderly 
individuals aged 40–60 years, and thoracic discectomy 
constitutes 0.15–4% of all disc herniation surgeries.3 
TDH is characterized by heterogeneous, complex, and 
nonspecific clinical manifestations, including thoracic back 
pain, sensory dysfunction, myelopathic features (e.g., limb 
weakness), hyperreflexia, muscle spasticity, and urinary/
bowel dysfunction; most patients experience progressive 
symptom deterioration over time.4,5 Surgical intervention is 
generally indicated for patients with definitive myelopathic 
signs, intractable radicular pain, or failed conservative 
management. Historically, laminectomy and fusion were 
the main surgical methods for TDH, but are now rarely 
used due to severe complications such as spinal cord 
ischemia and increased mortality.6

With the widespread adoption of minimally invasive 
surgical principles, the technology behind unilateral 
biportal endoscopic (UBE) surgery has matured. UBE 
discectomy has shown comparable efficacy to microscopic 
discectomy and percutaneous endoscopic lumbar 
discectomy.7–9 However, the literature on UBE for TDH 
remains limited, both domestically and internationally. The 
UBE-far-paraspinal approach (FPA) discectomy described 
in this study uses a unique angular trajectory and dual-
channel synergy to achieve high-resolution intraoperative 
visualization, enabling precise lesion exposure and 
meticulous surgical manipulation while minimizing 
the risk of nerve injury. In contrast, the traditional UBE 
translaminar approach may be limited by suboptimal 
operating angles and carries an inherent risk of spinal cord 
retraction when treating central TDH. To address these 
limitations, we integrated the concept of long-distance 
lateral access from percutaneous transforaminal endoscopy 
into UBE, developing FPA for TDH. This approach aims 
to achieve direct intraspinal decompression without 
spinal cord retraction by maximizing the lateral angle of 
the working channel. The present study comprehensively 
describes the surgical technique of UBE-FPA for TDH and 
preliminarily evaluates its early clinical efficacy and safety, 
offering a novel minimally invasive alternative for TDH 
treatment.

2. Methods
2.1. Patient selection criteria

Inclusion criteria included (i) patients meeting the 
diagnostic criteria for TDH proposed by Dützmann et al.10; 

(ii) patients with single-segment spinal involvement; (iii) 
patients with recurrent symptoms refractory to rigorous 
conservative treatment (including non-steroidal anti-
inflammatory drugs, physical therapy, etc.) for at least 
three months; and (iv) patients with severe symptoms 
significantly affecting daily activities, with a strong 
willingness to undergo surgery and acceptance of UBE-
FPA discectomy.

Exclusion criteria included patients with (i) concurrent 
spinal tumors or infections; (ii)  ligament ossification 
or thoracic spinal canal stenosis; (iii) previous thoracic 
spine surgery or severe thoracic spinal deformity; (iv) soft 
tissue or skin infection at the intended surgical site; (v) 
coagulopathy or bleeding disorders; and (vi) preexisting 
surgical contraindications (e.g., severe cardiopulmonary 
insufficiency, inability to tolerate anesthesia).

This study was approved by the Scientific Research 
Ethics Committee of the First Affiliated Hospital of 
Jinan University (Approval no.: KY-2026-022) and was 
performed in accordance with the Declaration of Helsinki. 
The ethics committee above exempted the requirement for 
informed consent for this retrospective study.

2.2. General data

Five patients (one male [20%], four females [80%]) with 
TDH admitted to our institution between December 2024 
and April 2025 were included in the analysis. The age range 
was 50–80 years (mean, 60.0 ± 10.3 years), and the disease 
duration was 6–12 months (mean, 8.0 ± 2.2 months). Lesion 
levels included T11/12 (three cases), T8/9 (one case), and 
T9/10 (one case). According to the classification system 
proposed by Farber et al.11, three patients (60%) had Type 
1 TDH, one (20%) had Type 2, and one (20%) had Type 
3. Two patients (40%) had comorbidities (hypertension 
and diabetes mellitus), which were adequately controlled 
preoperatively (Table 1).

Table 1. Baseline data and surgical characteristics of patients (n = 5)

Variables Detailed data
Gender, n (%)

Male 1 (20%)
Female 4 (80%)

Age (years) 50–80 (60.0 ± 10.3)
Disease duration (months) 6–12 (8.0 ± 2.2)
Comorbidities, n (%)

Hypertension 1 (20%)
Hypertension + diabetes 1 (20%)
None 3

Lesion level, n (%)
T11/12 3 (60%)
T8/9 1 (20%)
T9/10 1 (20%)

(Cont’d...)
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Table 1. Continued

Variables Detailed data
aTDH classification, n (%)

Type 1 3 (60%)
Type 2 1 (20%)
Type 3 1 (20%)

Operative time (minutes) 60–80 (67.5 ± 7.5)
Hospital stay (days) 5–10 (6.4 ± 1.9)
Follow-up duration (months) 6–12 (9.4 ± 2.3)
Intra/Postoperative 
complications, n (%) None: 5 (100%)

Recurrence, n (%) None: 5 (100%)
Notes: aTDH classification was based on the criteria proposed by 
Farber et al.11, which defines subtypes as follows: Type 0: Small 
(<40%) herniation without compression/symptoms (observation 
only, no need for calcification identification); Type 1: Small (<40%) 
paracentral herniation compressing nerve root/spinal cord (calcification 
identification required to assess surgical difficulty); Type 2: Small (<40%) 
central herniation with symmetric spinal cord compression (myelopathy 
present, calcification identification required); Type 3: Large (>40%) 
paracentral herniation with severe spinal cord displacement (obvious 
symptoms, calcification identification required to determine surgical 
approach); and Type 4: Large (>40%) central herniation with significant 
spinal cord compression (calcification status directly affects anterior 
surgical strategy). Data presented as range (mean ± standard deviation), 
unless stated otherwise.  
Abbreviation: TDH: Thoracic disc herniation.

2.3. Statistical methods

The Statistical Package for Social Sciences (version 
26.0) software was used for data analysis. Continuous 
variables (age, disease duration, operative time, visual 
analog scale [VAS], Oswestry Disability Index [ODI], 
and thoracic Japanese Orthopaedic Association [JOA] 
scores) are presented as range and mean ± standard 
deviation. Categorical variables (gender, comorbidities, 
TDH classification, and complications) are reported as 
case counts with constituent proportions (n/%). Before 
paired sample t-tests, the Shapiro–Wilk normality test 
was conducted on the paired differences (preoperative vs. 
six-month postoperative) for each efficacy indicator (VAS, 
ODI, JOA). A significance level of α = 0.10 was used; p > 0.10 
indicated that the normality assumption was not violated. 
Paired sample t-tests were used to compare indicator 
differences between preoperative and postoperative time 
points, with α = 0.05 and p < 0.05 considered statistically 
significant.

2.4. Surgical technique

Under general endotracheal anesthesia, the patient 
was placed prone on a radiolucent operating table with 
appropriate padding to maintain abdominal suspension, 
and intraoperative neuroelectrophysiological monitoring 
was initiated. The responsible spinal segment was 
localized using anteroposterior fluoroscopy with a C-arm 

X-ray machine (WG-CA, Weigao Group, China); lateral 
fluoroscopy confirmed that the target intervertebral space 
was perpendicular to the ground—this optimization 
facilitates intraoperative manipulation and reduces the risk 
of wrong-level surgery. The surgeon’s position and incision 
site were selected on the side with the more severe neural 
compression. Taking a T11/12 TDH patient with right-
sided compression as an example: the caudal portal was 
designated as the observation channel, and the cephalad 
portal as the working channel. UBE-FPA was used to 
sequentially establish dual channels. Due to downward 
migration of the herniated disc to the T12/L1 segment, two 
8-mm skin incisions were made 5 cm lateral to the midline 
at the T12/L1 level, spaced 2.5–3 cm apart. The skin and 
deep fascia were sequentially incised, and graduated 
soft tissue dilators were inserted to bluntly dissect the 
paraspinal muscles. The cannula tips were aligned at the 
T12 vertebral arch isthmus, and fluoroscopy was repeated 
to confirm accurate localization of the intervertebral space 
responsible for the lesion (Figure 1).

After establishing dual channels, unobstructed 
irrigation outflow and high-quality visualization were 
ensured. A plasma radiofrequency probe (AC/RC, BONSS 
MEDCAL, China) was inserted through the working 
channel to coagulate and resect soft tissues around the 
vertebral arch isthmus, gradually exposing the L1 superior 
articular process, intervertebral foramen, and disc space. 
The endoscope’s multiplanar range of motion and angled 
field of view provided sufficient working space in all 
directions, enabling clear identification of the L1 transverse 
process base inferior edge, superior articular process 
lateral margin, and intertransverse membrane. Under 
direct endoscopic visualization, a 2-mm diameter burr 
was used to thin the L1 transverse process base inferior 
edge (≈2 mm in extent) and a portion of the L1 superior 
articular process ventral bone. After initial foraminoplasty, 
the ventral exiting nerve root became visible. Following 
identification of the exiting nerve root and dissection 
of adherent surrounding soft tissues, the herniated disc 
tissue was confirmed to be anterior to the exiting nerve 
root. Further working space expansion was performed as 
follows: first, a high-speed burr thinned the lateral aspect 
of the T12 inferior articular process (resection limited to 
≤1/3 of the articular surface to prevent iatrogenic spinal 
instability); subsequently, a Kerrison rongeur partially 
resected the T12 inferior articular process lateral portion, 
exposing the L1 superior articular process tip, which was 
then precisely excised. Throughout bony resection, real-
time endoscopic visualization confirmed the extent of bone 
removal, ensuring only the facet joint portion overlying 
the disc space was resected to avoid pedicle and dural 
sac injury. Finally, the ligamentum flavum adjacent to the 
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Figure 1. Intraoperative incision design and fluoroscopic images of channel placement. (a) Schematic diagram of intraoperative incision design for 
discectomy. (b) Illustration showing the surgeon’s position and operative field setup during the procedure. (c,d) Fluoroscopic images demonstrating the 
placement of working channels. (e,f) Intraoperative fluoroscopic images confirming accurate localization of the responsible intervertebral space.
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intervertebral foramen was resected to fully expose the 
intervertebral foramen and lateral spinal canal, allowing 
unobstructed visualization of herniated disc tissue and 
dural sac lateral margin without spinal cord retraction.

Without spinal cord retraction, the annulus fibrosus 
was incised with a sharp knife, and a portion of the nucleus 
pulposus was resected using angled forceps. The herniated 
disc tissue was then removed with a dissector, and an 
endoscopic probe confirmed the absence of residual disc 
compression anterior to the spinal cord and nerve roots 
(Figure 2).

Before completing the procedure, thorough hemostasis 
was achieved with a plasma radiofrequency probe; bone 
wax was used to control osseous bleeding. After hemostasis, 
the irrigation inlet was closed, and a water-tight test 
ensured adequate hemostasis. A surgical drain was placed 
under endoscopic guidance; instruments were withdrawn, 
and the incision was sutured in layers and covered with 
sterile dressings.

2.5. Postoperative management and efficacy 
evaluation indicators

Postoperatively, patients received intravenous parecoxib 
sodium (40 mg every 12 h for three days) for analgesia, 
intravenous mannitol (125 mL twice daily for three days) 
for edema reduction, and oral mecobalamin (0.5 mg three 
times daily) for neuroprotection. The surgical drain was 
removed 24–48 h postoperatively. Patients were encouraged 
to ambulate with thoracic brace immobilization starting 
on the third postoperative day. Postoperative thoracic 
computed tomography (Somatom Definition Flash, 
Siemens, Germany) and magnetic resonance imaging 
(Magnetom Verio 3.0T, Siemens, Germany) were used 
to assess the completeness of disc resection and neural 

decompression. VAS, ODI, and thoracic JOA scores were 
recorded preoperatively and at one day, one month, three 
months, and six months postoperatively. Postoperative 
complications were closely monitored, and patient recovery 
was evaluated via serial neurological examinations.

3. Results
Prior to statistical analysis of efficacy indicators, the 
Shapiro–Wilk normality test was performed on the paired 
differences (preoperative vs. six-month postoperative) for 
VAS, ODI, and JOA scores to verify the applicability of 
the paired sample t-test. The results showed that all paired 
differences conformed to a normal distribution (p > 0.10), 
meeting the statistical test conditions (Table 2). 

All five patients underwent successful surgery, with 
an operative time of 60–80 min (mean, 67.5 ± 7.5 min), 
a hospital stay of 5–10 days (mean, 6.4 ± 1.9 days), and 
a follow-up duration of 6–12 months (mean, 9.4 ± 2.3 
months). No intraoperative complications (e.g., nerve 
injury, dural tear) or postoperative adverse events 
(e.g., infection, symptomatic hematoma, aggravated 
neurological deficit) were observed, and no recurrence 
was documented during follow-up. Postoperative thoracic 
magnetic resonance imaging confirmed complete 
resection of the herniated nucleus pulposus and adequate 
neural decompression in all patients; consistently, VAS and 
ODI scores showed sustained decreases, while JOA scores 
increased progressively at all postoperative time points 
(Table 3). Paired sample t-test results showed statistically 
significant improvements in all three efficacy indicators 
at six months postoperatively compared to preoperative 
values (all p < 0.001): VAS score decreased from 6.8 ± 
0.8 to 1.2 ± 0.4 (t = 14.568), ODI improved from 56.0 ± 
5.7% to 9.0 ± 8.5% (t = 11.324), and JOA score increased 

Table 2. Normality test results of paired differences of efficacy indicators 

Efficacy indicators Paired differences (six-month 
postop–preop)

Shapiro–Wilk 
statistic p-value Normality 

compliance
Visual analog scale (points) −5.8, −6.0, −5.0, −6.0, −5.0 0.902 0.556 Yes (p > 0.10)
Oswestry Disability Index (%) −40.0, −50.0, −46.0, −52.0, −47.0 0.867 0.381 Yes (p > 0.10)
Japanese Orthopaedic Association score (points) 5.0, 6.0, 6.0, 6.0, 6.0 0.935 0.742 Yes (p > 0.10)

Table 3. Statistical analysis of efficacy indicators at different time points

Efficacy indicators Preoperative
Postoperative duration at-value p-value

1 day 1 month 3 months 6 months
VAS score (points) 6.8 ± 0.8 3.8 ± 0.8 2.2 ± 0.4 1.2 ± 0.4 1.2 ± 0.4 14.568 <0.001
ODI (%) 56.0 ± 5.7 36.0 ± 6.1 22.8 ± 6.7 13.4 ± 7.9 9.0 ± 8.5 11.324 <0.001
JOA score (points) 4.6 ± 1.1 5.6 ± 0.8 7.6 ± 1.1 8.2 ± 1.3 10.4 ± 1.7 −10.876 <0.001

Notes: aTest statistic was derived from a paired sample t-test (preoperative vs. six-month postoperative). The negative t-value for the JOA score indicated 
a higher score at six months postoperatively than preoperatively.  
Abbreviations: JOA: Japanese Orthopaedic Association; ODI: Oswestry Disability Index; VAS: Visual analog scale.
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Figure 2. Serial sequence endoscopic images of the discectomy. Angling the endoscope provides an optimal view of the ventral dural sac space during the 
procedure. (a) After foraminoplasty, the annulus fibrosus was incised under direct endoscopic visualization. (b–d) Sequential resection of calcified disc 
tissue using angled forceps and a dissector to achieve complete removal of herniated fragments. (e,f) Confirmation of dural sac and nerve root relaxation 
following decompression, with no residual disc compression anterior to the spinal cord or nerve roots.
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from 4.6 ± 1.1 to 10.4 ± 1.7 (t = −10.876). Neurological 
examinations during follow-up revealed that the 80-year-
old female patient (Patient 1), with preoperative muscle 
strength grade 2, recovered to grade 3+ at six months 
postoperatively; the remaining patients achieved muscle 
strength grade 4 or higher, with significant improvements 
in sensory disturbances and hyperreflexia—findings 
consistent with the marked increase in JOA scores. Imaging 
findings before and after surgery further confirmed the 
effectiveness of decompression (Figure 3).

4. Discussion
Thoracic disc herniation is an extremely rare condition, 
with an estimated annual incidence of symptomatic cases 
of 1 per million population.12 It primarily affects the 
T8–T12 segments, with the T11/12 level being the most 
commonly involved (26%)—a finding consistent with 
our study, in which three of five patients had lesions at 
the T11/12 level. This predilection is presumably due to 
increased mobility of this segment and relative weakness 
of the posterior longitudinal ligament at this level. 
Additionally, disc calcification is a characteristic feature 
of TDH, occurring in approximately 40% of cases.13 
TDH results from the disruption of the annulus fibrosus 
and the bulging or herniation of the nucleus pulposus. 
Compression of the thoracic nerve roots may lead to 
radiculopathy, while compression of the spinal cord itself 
can manifest as myelopathy. The clinical manifestations 
generally include thoracic back pain, sensory disturbance, 
myelopathy, hyperreflexia, spasticity, and dysfunction 
of the bowel and bladder. Notably, some patients with 
TDH present with foot drop as the initial symptom upon 
seeking medical attention. Through an analysis of 13 TDH 
patients with foot drop as the presenting symptom, Cong 
et al.14 proposed that foot drop can serve as the initial 
manifestation of TDH at the T11–L1 level, particularly for 
calcified disc herniation.

Conservative management (exercise therapy, non-
steroidal anti-inflammatory drugs, rehabilitation training, 
physical therapy) is sufficient for most asymptomatic 
patients. Surgical intervention is often necessary for 
symptomatic patients unresponsive to conservative 
treatment. The thoracic spinal canal has a significantly 
smaller volume than the lumbar spine, resulting in limited 
operating space; its proximity to critical thoracic organs 
(e.g., heart, lungs) also makes TDH surgery relatively high-
risk. 

However, with the growing emphasis on minimally 
invasive principles, TDH surgery has gradually shifted 
toward less invasive techniques, with a relative reduction 
in surgical risks. Current minimally invasive surgical 

options for TDH include video-assisted thoracoscopic 
thoracic discectomy15, microscopic thoracic discectomy16, 
microendoscopic thoracic discectomy17, percutaneous 
transforaminal endoscopic thoracic discectomy18, and UBE 
thoracic discectomy.19 Following traditional thoracotomy, 
up to 50% of patients develop post-thoracotomy 
intercostal neuralgia, a chronic condition. Notably, 30% 
of patients continue to experience pain four to five years 
postoperatively, with some even losing their ability to work 
due to severe pain.20 In a comparative study of three surgical 
approaches—video-assisted thoracoscopic surgery (VATS), 
thoracotomy, and posterior costotransversectomy—
Landreneau et al.21 concluded that VATS significantly 
reduces the incidence of intercostal neuralgia and better 
facilitates patients’ return to normal daily life. However, 
VATS is associated with a long learning curve and 
significant respiratory complications, including pleural 
effusion, atelectasis, pneumonia, and pneumothorax. 
Microscopic thoracic discectomy involves accessing the 
thoracic spinal canal with greater precision through a small 
incision under microscopic guidance, enabling discectomy 
and spinal canal decompression. Bartel and Peul16 reviewed 
their cases of TDH treated with VATS and microscopic 
minimally invasive small-incision techniques, finding that 
microscopic thoracic discectomy is equally effective for 
spinal canal decompression. This approach offers a three-
dimensional surgical view similar to open surgery and 
features a shorter learning curve. In 2004, Perez-Cruet et 
al.17 developed a novel minimally invasive technique for 
TDH: thoracoscopic microendoscopic discectomy, which 
represents an advancement of lumbar microendoscopic 
discectomy technology. The approach was performed on 
seven patients, with an average single-level operative time 
of 1.7 h and an average intraoperative blood loss of 111 mL. 
At a mean follow-up of nine months, the “excellent and 
good” rate was 85.7% according to the modified Prolo scale. 
No relevant complications were observed postoperatively, 
and most patients resumed normal life and work within 
three weeks. Nevertheless, thoracoscopic microendoscopic 
discectomy still has limitations, including a steep learning 
curve and limited surgical working space. 

Since the first application of endoscopic spinal surgery 
for lumbar disc herniation in the 1980s, its indications have 
expanded significantly, now encompassing the treatment 
of cervical spinal stenosis, cervical disc herniation, 
and TDH.18 Under local anesthesia, the transforaminal 
approach provides a safe surgical corridor to the thoracic 
spinal canal. Percutaneous endoscopic transforaminal 
thoracic discectomy is an effective method for treating 
TDH. However, it is constrained by limited working space, 
which may prevent complete disc removal and increase 
the risk of recurrence. Furthermore, the technique poses 
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Figure 3. Preoperative and postoperative imaging findings of an 80-year-old female patient (Patient 1) with calcified thoracic disc herniation at the T11/12 
level. (a,b) Preoperative computed tomography scans demonstrating calcified disc herniation protruding into the spinal canal, resulting in ventral spinal 
cord compression at the T11/12 level. (c,d) Preoperative T2-weighted magnetic resonance imaging (MRI) confirming severe spinal cord compression and 
compromised epidural space caused by the calcified herniated disc. (e,f) Postoperative T2-weighted MRI illustrating complete resection of the calcified 
disc fragment, adequate neural decompression, restored dural sac expansion, and no residual disc compression or spinal cord impingement at the T11/12 
level.
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significant challenges in managing central and calcified 
disc herniations. Minimally invasive approaches for TDH 
are also categorized as posterior, posterolateral, lateral, 
or anterior transperitoneal thoracoscopic surgery.22 The 
anterior approach is associated with significantly higher 
complication rates, mortality, longer hospital stays, and 
increased costs due to the need to expose vital thoracic 
organs (e.g., lungs, heart, major arteries).23 In contrast, 
the posterior or lateral approach inevitably carries risks 
of thoracic lung injury, spinal cord injury, paravertebral 
muscle damage, and excessive bone resection—
complications that may lead to postoperative back pain or 
spinal instability.24

Unilateral biportal endoscopic technology is a rapidly 
advancing spinal endoscopic platform widely used for the 
treatment of lumbar degenerative diseases (e.g., lumbar 
spinal stenosis, lumbar disc herniation). With ongoing 
technological advancements, this technique has also 
achieved significant breakthroughs in treating cervical 
and thoracic degenerative conditions.25,26 Hahn et al.19 
treated two patients with TDH using UBE and reported 
no symptom recurrence during a 27-month follow-up, 
concluding that UBE is a feasible and effective surgical 
method for TDH, providing high-precision visualization 
and a safe surgical field. In comparison, full-endoscopic 
technology for TDH is also safe and effective18 but has a 
steeper learning curve than other endoscopic techniques.27 
Additionally, the limited operating space of single-channel 
systems may lead to residual disc tissue and recurrence 
risks, and these systems face greater challenges in managing 
central and calcified herniations. The UBE-FPA used in the 
present study differs from the conventional UBE paraspinal 
approach (which uses 1 cm vertical incisions at the midline 
of two transverse processes, 2 cm lateral to the pedicle 
margin)28; instead, it incorporates the design concept 
of percutaneous transforaminal endoscopy, featuring a 
larger lateral offset from the midline (>6 cm) and a more 
obtuse lateral angle of the working channel.29 Hwang et 
al.30 have effectively treated upper lumbar disc herniations 
using UBE far-lateral transforaminal lumbar discectomy, 
achieving favorable patient outcomes and demonstrating 
advantages in preserving facet joints and reducing the risk 
of neurological deficit from nerve retraction.

The ideal goal of thoracic discectomy is to achieve 
adequate decompression and disc removal without 
spinal cord manipulation, while minimizing injury to 
paravertebral muscles and facet joints. Therefore, the 
incision design for UBE-FPA in the thoracic spine is 
individualized. The presence of ribs and the thoracic cavity 
limits incision lateral offset; however, a larger channel lateral 
angle can facilitate access to the intervertebral foramen 

and minimize bony resection. Thus, when designing the 
thoracic surgical incision, the approximate entry site can 
be determined as the intersection of the line connecting 
the surgical target and the dorsal rib tangent point on 
preoperative imaging cross-sections—this technique 
maximizes lateral offset (Figure 4). Preoperative imaging 
localization (using the line connecting the surgical target 
and the dorsal rib tangent point) optimizes the working 
channel’s lateral angle, directing the cannula tip toward the 
vertebral arch isthmus. Only minimal bony resection is 
required for foraminoplasty, eliminating the need for spinal 
cord retraction while reducing damage to paravertebral 
muscles and facet joints, thereby preserving spinal stability. 
Furthermore, the observation channel in the dual-channel 
system provides high-definition visualization, enabling 
clear identification of the anatomical relationship between 
the exiting nerve root and herniated disc. Combined with 
intraoperative neuroelectrophysiological monitoring, this 
further reduces the risk of nerve injury. 

In summary, the UBE-FPA for the treatment of TDH 
offers the following advantages. Compared with the 
interlaminar approach, it better preserves the facet joints 
and effectively prevents postoperative segmental spinal 
instability. Additionally, relevant studies31,32 have indicated 
that although the contralateral approach can preserve 
the facet joints, it has limitations, such as the need for 
intraoperative thecal sac retraction, and residual herniated 
material may persist postoperatively, especially when 
treating central disc herniation. In contrast, UBE-FPA 
allows for the resection of paracentral or even central disc 
herniation without thecal sac retraction. This is because 
the far-lateral approach enables the endoscope and 
instruments to be inserted at a shallow angle, accessing 
the central region of the intervertebral disc through the 
neural foramen with only minimal thecal sac retraction. 
Additionally, the narrow lamina of the thoracic spine results 
in a short distance from the foraminal zone to the central 
zone, facilitating the resection of central disc herniation. 
Thirdly, it allows clear visualization of the ventral aspect 
of the thecal sac, facilitating confirmation of complete 
resection of the herniated material and preventing residual 
material. Percutaneous endoscopic transforaminal thoracic 
discectomy and UBE thoracic discectomy share the same 
advantages, including facet joint preservation, reduced 
neural retraction, and clear visualization of the ventral 
thecal sac. However, the former is a uniportal endoscopic 
surgery, while the latter is a biportal endoscopic surgery. The 
biportal design decouples the endoscope and instruments, 
enhancing instrument maneuverability. Meanwhile, 
compared with the uniportal technique, it has a less steep 
learning curve. Currently, there is a lack of relevant studies 
directly comparing the advantages and disadvantages of 
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Figure 4. Preoperative radiology-based lateral offset planning diagram. The arrow indicates the herniated disc (surgical target). Line a represents the 
midline of the spine. Line b denotes the extension line from the connection between the surgical target and the dorsal rib tangent point to the body surface. 
Line c indicates the lateral offset distance from the midline to the planned incision site.

UBE-FPA and microscopic thoracic discectomy, indicating 
a need for such studies. However, this study is a case series 
and cannot realize such a comparison. Nevertheless, 
numerous studies have compared the uniportal technique 
with microscopic techniques33–35, all of which indicate 
that the uniportal technique is more minimally invasive, 
with shorter hospital stays and faster return to work for 
patients. As a technique with a similar concept to the 
uniportal technique, UBE-FPA may also be less invasive 
than microscopic discectomy, but further relevant studies 
are still required to verify this. The absence of nerve injury 
complications in all five patients in the present study is 
attributed to the unique anatomical design and dual-
channel technical advantages of UBE-FPA. It is noteworthy 
that one patient (an 80-year-old female) required prolonged 
postoperative bed rest due to individual factors, such as 
preoperative neurological impairment and advanced age. 
The patient had grade 2 preoperative muscle strength, 
a one-year history of low back pain with one month of 

worsening symptoms, and prolonged nerve compression. 
Although muscle strength improved to grade 3+ three 
days postoperatively, this was insufficient to support 
independent ambulation. Additionally, the 80-year-
old patient had poor neurological function, impaired 
vascular regulation, and lower limb muscle atrophy due to 
prolonged bed rest; early ambulation posed a significant 
fall risk, leading to the clinical decision to extend bed rest 
until stable muscle strength was achieved.

Although the UBE-FPA offers many advantages, it 
has certain limitations. Since the skin incision and the 
entrances to the two portals (endoscopic and working) 
are both far from the midline, the surgical corridor 
from the skin incision to the working space is longer. 
The endoscope and instruments must pass through 
additional paraspinal muscles, limiting maneuverability. 
Additionally, the water flow must be drained through the 
long corridor, which is prone to poor drainage, leading 
to muscle edema and postoperative lumbodorsal pain. 
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Although no severe complications occurred in this study, 
UBE-FPA may be associated with the following potential 
complications. Firstly, an incomplete resection of the 
herniated disc segment, with residual nucleus pulposus 
tissue or secondary discal cyst formation postoperatively. 
This situation mostly occurs when the herniated material 
migrates upward beyond the inferior border of the upper 
pedicle or downward beyond the superior border of the 
lower pedicle, i.e., when the herniated material is located 
at the medial edge of the pedicle—a blind spot that cannot 
be visualized by UBE-FPA. Therefore, it is recommended 
to classify this scenario as a relative contraindication for 
the procedure. Secondly, dural tear is the most common 
complication in UBE spine surgery.36,37 Although no such 
case occurred in this study, surgeons must remain vigilant 
and take preventive measures at all times. If a dural tear 
occurs, prompt management with a dural sealant patch, 
sutureless nonpenetrating vascular clips, or primary direct 
suturing should be performed.38–40 However, the long 
surgical corridor of this approach makes direct suturing 
particularly challenging, and the large lateral distance 
from the midline prevents conversion to open surgery 
along the original trajectory. Thus, preventing dural 
tears is of utmost importance. Thirdly, caution should 
be exercised to avoid injury to nerve roots by dilators. 
When establishing the two portals, dilators need to be 
inserted and docked at the isthmus of the upper vertebra 
of the index segment. Due to the shallow angle and long 
corridor of the surgical approach, inexperienced surgeons 
are prone to inadvertently injuring the exiting nerve root. 
Additionally, care must be taken to prevent endoscopic 
instruments from entering the retroperitoneal space or 
thoracic cavity, which could lead to postoperative fluid 
collection or hematoma.41 To avoid such complications, 
the endoscope and instruments should be initially docked 
at the isthmus of the upper vertebra, with intermittent 
confirmation of their position using C-arm fluoroscopy 
during the operation.

Furthermore, meticulous preoperative planning is 
essential when managing calcified TDH with UBE-FPA. 
During intraoperative handling of calcified discs, the 
endoscope is angled to visualize the ventral dural space. A 
burr creates a space at the posterior endplate margin and 
within the vertebral body, facilitating direct visualization 
of ventral disc resection. Central or calcified disc fragments 
are displaced downward into the intervertebral space 
using a curved dissector and then removed with forceps. 
If severe adhesion exists between the herniated disc and 
dural sac, separation attempts should be avoided; instead, 
a burr thins the calcified disc portion adherent to the 

dura, leaving a posterior shell. This maneuver, referred to 
as the “floating technique,” provides indirect and direct 
decompression from ventral to dorsal, effectively avoiding 
spinal cord contact.

The present study has several limitations. The small 
sample size (n = 5) and single-center retrospective design 
may introduce selection bias, limiting the generalizability 
of the results. The relatively short follow-up duration 
(mean: 9.4 months) prevents evaluation of long-term 
spinal stability and adjacent segment degeneration. The 
technique has limited applicability for patients with severe 
spinal deformity or large calcified herniations, which 
present significant surgical challenges. Despite the small 
sample size, the paired sample t-test minimized individual 
variability through a self-preoperative–postoperative 
comparison, and the Shapiro–Wilk test confirmed normal 
data distribution, ensuring the reliability of the statistical 
results. Future large-scale, multi-center prospective studies 
with extended follow-up are needed to further validate the 
long-term efficacy of this technique.

5. Conclusion
Unilateral biportal endoscopic discectomy via the FPA 
is a safe and effective minimally invasive procedure for 
TDH, offering distinct advantages such as low nerve injury 
risk, spinal stability preservation, and rapid postoperative 
recovery. This approach provides a novel minimally 
invasive therapeutic option for central, paracentral, and 
calcified TDH, particularly for patients who cannot tolerate 
thoracotomy or for whom traditional minimally invasive 
techniques are technically challenging. However, due to 
the small sample size and short follow-up duration of the 
present study, the long-term efficacy of UBE-FPA requires 
further validation in large-scale prospective studies.
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