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Purpose: To study the early curative effect of unilateral biportal endoscopy (UBE) in the treatment of adjacent segment disease after
lumbar interbody fusion.

Methods: A retrospective analysis of clinical data from 58 patients diagnosed with adjacent segment disease subsequent to lumbar
fusion surgery who were treated using the UBE technique between June 2019 and June 2024 at our institution was conducted. The
patients’ operation time, intraoperative bleeding, postoperative hospitalization time, and the occurrence of complications were
recorded. The visual analogue scale (VAS) for pain, the Japanese Orthopaedic Association (JOA) score, and the Oswestry
Dysfunction Index (ODI) for lumbar function were utilised before and after surgery, and the MacNab criteria were employed to
evaluate the patient’s outcome at six months after surgery.

Results: The operation time was between 55 and 189 minutes, mean 102.64 minutes, the postoperative drainage flow was between 10
and 110 mL mean 47.81 mL, and the length of hospital stay between 5 and 14 days, mean 9.41 days. VAS scores of pain decreased
over time and the ODI index was consistently lower than preoperative at all stages of the postoperative period. JOA scores increased
gradually at all postoperative times. All indexes differed statistically at all times (P<0.05). Surgical efficacy was excellent in 93.1% of
cases at 6 months.

Conclusion: The UBE technique is an alternative surgical procedure for the treatment of adjacent segment disease after lumbar
fusion, under strict control of the indications.
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Introduction

Lumbar fusion, a well-established procedure for the treatment of lumbar degenerative disease, has been shown to be
effective in stabilising the diseased segment. However, the biomechanical changes in the adjacent segments that it causes
have been demonstrated to significantly increase the risk of adjacent segment disease (ASD).' ASD is a degenerative
disease that occurs in the adjacent segments of the vertebral body. The condition is characterised by degeneration of the
intervertebral discs of the adjacent segments, degeneration of the articular synovial joints, and vertebral instability and
slippage. The condition frequently results in complications such as nerve compression, spinal cord injury, and vertebral
fracture, manifesting in symptoms including low back pain, neuroradiation pain, and claudication.” The literature reports
that 65 out of 1258 patients (5.2%) who underwent TLIF for degenerative lumbar spine disease developed ASD and
underwent surgery.’ Conventional open revision surgery necessitates the extensive stripping of soft tissues and re-fusion
fixation, which is not only traumatic and accompanied by a protracted recovery period, but also has the potential to
further exacerbate the degeneration of adjacent segments due to rigid fixation, resulting in a vicious cycle of “fusion-
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degeneration-re-fusion”.*”” Consequently, the core challenge of ASD treatment is to achieve effective decompression and
maintain spinal stability through minimally invasive techniques while preserving the original internal fixation.

Due to the scar tissue coverage and adhesion problems formed by the initial fusion surgery, the adjacent segment
degenerative process of the vertebral plate and ligamentum flavum thickening, spinal canal stenosis, take open surgery
will increase the risk of dural sac and nerve root injury. In recent years, UBE technology is becoming more mature,
which has the advantages of less trauma, faster recovery, fewer complications, etc, and has achieved more satisfactory
clinical results in clinical practice.® However, there is a paucity of studies reporting on the use of UBE for the treatment
of adjacent segment degeneration after lumbar fusion, and there is an absence of evidence for its early efficacy. We have
used the UBE technique to treat patients with adjacent segmental degeneration after lumbar fusion and have obtained
good early results. The relevant clinical data are reviewed and analyzed for reference. The report is as follows.

Methods

General Information

Inclusion criteria: (O previous lumbar fusion surgery, adjacent to a single segment degeneration [disc rupture/herniation
at the adjacent level (including foraminal or extraforaminal), and/or adjacent segment stenosis (central, lateral recess,
foraminal)]; @ symptoms and signs consistent with the imaging of the degenerated segment [symptomatic ASD (ASDis),
rather than radiological degeneration (ASDeg)]; ® strict conservative treatment for at least 3 months is ineffective; @
postoperative follow-up for more than 6 months.

Exclusion criteria: (O multiple segmental degeneration with multiple nerve compression symptoms; @ lumbar
spondylolisthesis, instability (>3 mm translation or >10° angular motion on flexion—extension radiographs), infection,
tumor and other lesions. 3 Combination of serious medical diseases cannot tolerate general anesthesia and surgery.

A total of 58 patients admitted to Yichang Central People’s Hospital from June 2019 to June 2024 with adjacent
segmental degeneration after lumbar fusion resulting in neurological symptoms in the lower limbs and treated with UBE
surgery were retrospectively included in the study. The sample comprised 33 males and 25 females, with an age range
from 51 to 85 years and a mean age of 67.76 + 9.69 years. As illustrated in Table 1, all surgical procedures were carried
out by a single surgeon, who utilised pre-defined surgical instruments.

Surgical methods

All surgical procedures were performed by the same surgeon. The patient was positioned prone under induced
anaesthesia. The target vertebral segment was localised using a C-arm fluoroscopy. Skin markings included
a transverse line at the edge of the inferior spinous process and the lamina, and a longitudinal line aligned with the
medial border of the pedicle on the operative side. A longitudinal incision was centred over the intersection point and

Table | Patient Basic Information

Value (%)
Gender (%)
Male 33(56.9)
Female 25(43.1)
Age (year) 67.76 + 9.69
Surgical segment (%)
L2/3 4(6.9)
L3/4 9(15.5)
L4/5 28(48.3)
L5/S1 17(29.3)
Operative time (min) 102.64+36.25
Postoperative drainage (mL) 47.81+27.32
Postoperative hospitalisation days | 9.41+2.88
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extended 1.0-1.5 cm cranially and caudally. Working and endoscopic trocars were then introduced. Fluoroscopic
verification confirmed the alignment of the intersection of the visual and operative channels within the plane of the
target intervertebral disc space. After connecting the endoscope, the microscopic bipolar radiofrequency probe, the
powered instrumentation system and the saline irrigation interface, the plasma radiofrequency knife was deployed
through the working channel. This instrument addressed the lamina, spinous process and overlying soft tissues adhering
to the ligamentum flavum. This exposed the inferior margin of the superior lamina, the medial aspect of the inferior
articular process and the superior margin of the inferior lamina. These osseous structures were then meticulously abraded
using a high-speed drill and residual bone fragments were removed with laminectomy rongeurs until the cranial and
caudal attachments of the ligamentum flavum were fully released. The ligament was then dissected free from dural
adhesions using a nerve dissector. Removal of the ligamentum flavum then exposed the dural sac and the nerve root
passing through it. If present, herniated nucleus pulposus material was excised following gentle nerve root retraction.
Meticulous nerve root decompression was performed, followed by careful haemostasis. Finally, a drain was inserted and
the incision closed in layers, with a sterile dressing applied.

Postoperative Management

Postoperative treatment involved the administration of methylcobalamin and B vitamins, as well as neurotrophic drugs.
The drainage tube was removed, and straight leg raising training commenced on the second day after surgery. The patient
was permitted to wear a waist cuff in order to facilitate mobilisation without manifesting obvious discomfort.
Postoperative lumbar intervertebral disc CT and MRI scans were repeated. Patients were subjected to regular follow-
up procedures in the post-operative period.

Observation Index

The following parameters were recorded: gender, age, body mass index, operative segment, operative time, postoperative
drainage, postoperative hospitalization time, and the occurrence of complications. The visual analogue score (VAS) for
pain, the Japanese Orthopaedic Association (JOA) score, and the Oswestry Dysfunction Index (ODI) were utilised to
evaluate the degree of pain before surgery and at 3 days, 1 month, 3 month, and 6 months after surgery. The modified
MacNab criteria were employed to evaluate the clinical outcomes at 6 months after surgery. The modified MacNab
criteria categorised patients’ postoperative outcomes into four grades: excellent (complete disappearance of symptoms,
return to work and life), good (mild symptoms, mild activity limitation, no impact on work and life), acceptable
(symptomatic reduction, activity limitation, impact on normal work and life), and poor (no difference between pre-
and post-treatment, or even worse).

Statistical Analysis
The IBM SPSS Statistics Ver. 26.0 (IBM Co., Armonk, NY, USA) was used for statistical analysis. Data are presented as
mean =+ standard deviation or frequency. The comparison of scores before and after surgery was analysed by repeated
measures ANOVA. Count data is expressed in numbers or percentages, using x ~ test. A statistically significant difference
was defined as p < 0.05.

Results
The present study encompasses a cohort of fifty-eight patients who underwent surgical intervention and met the inclusion
criteria. It is worthy of note that all patients were subjected to the surgical plan that had been meticulously devised in
accordance with the scheduled protocol. The surgical time exhibited a range from 55 to 189 minutes, with a mean of
102.64 minutes; the postoperative drainage volume ranged from 11 to 110 mL, with a mean of 47.81 mL; and the
postoperative hospital stay ranged from 5 to 14 days, with a mean of 9.41 days. Patients were given a minimum of six-
month follow-up after surgery. (Table 1).

The data demonstrated significant variations in VAS scores for low back pain in patients at the time points of 3 days,
1 month, 3 months, and 6 months postoperatively. The scores exhibited a marked decrease compared to the preoperative
scores at all stages postoperatively, and the differences underwent a gradual improvement over time, which was
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Table 2 Comparison of Patients’ Preoperative and Postoperative Back Pain and Leg VAS Scores, as
Well as ODI Index and JOA at Each Time Point (Mean * Standard Deviation)

Time Point VAS-BP VAS-LP ODI% JOA
Pre-op 5.62+1.09 7.41%0.70 73.36+8.41 8.88+1.42

3 days post-op 4.57+1.13® 3.83£0.82® 32.74+4.85® 17.14£1.50

| month post-op 3.29+1.080® 2.09+0.88>@ 21.45+3.6lo® 21.48+2.290>>
3 months post-op | 2.22+0.940@® 1.62+0.83v@® 21.24+3.270@ 24.78+2.050@®
6 months post-op | 1.72+0.85v@®@® | 1.31+x086m@@® | 16.09+3.26w@@® | 2547x|.720@2@@
P <0.001 <0.001 <0.001 <0.001

Note: ®P<005 compared with preoperative @P<0.05 compared with 3 days postoperative ®P<0.05 compared with | month
postoperative ®P<0.05 compared with 3 months postoperative.

Abbreviations: VAS-BP, VAS back pain; VAS-LP, VAS leg pain; ODI, Oswestry disability index; JOA, Japanese Orthopaedic
Association Scores.

Table 3 The Surgical Efficacy Was
Evaluated in Accordance with the
MacNab Criteria at the 6-month
Postoperative Stage

Modified MacNab Standard

Excellent (cases) 44
Good (cases) 10
Acceptable (cases) 4
Poor (cases) 0

Excellent and good rate (%) | 93.10

statistically significant. A significant difference in the ODI index was observed at each postoperative time point. The
index demonstrated a gradual reduction in dysfunction, with a significant decrease observed when comparing the index at
all stages of the postoperative period to the preoperative index. However, there was no significant difference between the
I-month and 3-month results. The JOA scores demonstrated a marked increase at each postoperative time point,
including three days, one month, three months and six months following surgery. Notably, these scores exhibited
a higher magnitude at all stages of the postoperative period when compared to the preoperative period. This observation
signifies a gradual recovery of neurological function, and the statistical significance of this finding underscores the
reliability of the study’s outcomes. The VAS scores for the leg also demonstrated a significant decrease at each time point
(3 days, 1 month, 3 months and 6 months postoperatively). Furthermore, the scores at all stages postoperatively were
lower than the preoperative values, indicating that the pain relief effect was significant and continued to improve with the
rehabilitation process. The difference was found to be statistically significant (Table 2).

The surgical efficacy was evaluated in accordance with the MacNab criteria at the 6-month postoperative stage. The
analysis revealed that 44 cases were classified as excellent, 10 cases were designated as good, and 4 cases were deemed to be
feasible, thereby yielding an exceptional rate of 93.10%. (Table 3) Intraoperative spinal dural rupture and dural tear with
herniation of the cauda equina occurred in three cases. These were converted to open surgery intraoperatively, and the dural
sacs were repaired. All three patients achieved satisfactory clinical results. Typical cases are illustrated in Figures 1 and 2.

Discussion

As the population ages and the incidence of degenerative spinal diseases increases, there is an increasing need for
research in this field. Spinal fusion represents the most prevalent surgical intervention for the management of degen-
erative spinal diseases in clinical practice.” Adjacent segment disease (ASD) is characterised by degenerative imaging of
the cephalad and/or caudal portion of the fused segment, accompanied by the manifestation of corresponding clinical
syndromes.' The incidence of imaging adjacent segment degeneration (ASDeg) and symptomatic adjacent segment
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Figure | Typical case |. A 72-year-old female patient underwent lumbar 3/4 and lumbar 4/5 fusion and fixation surgery for lumbar spine disease eight years ago. Over a period of six
montbhs, the patient exhibited symptoms of pain and numbness in her right lower limb. Following an unsuccessful course of conservative management, she underwent an additional UBE
decompression surgery. (A) preoperative orthostatic/lateral DR; (B) preoperative MR, suggesting L5/S| right disc prolapse with nerve compression (red arrow: herniated disc); (C)
Fluoroscopy of C-arm to determine the surgical segment after placement of the channel; (D) intraoperative picture after nerve decompression; Postoperative follow-up MRI (E) and
CT (F) suggest adequate nerve root decompression (red arrows: the black signal intensity decreases); (G) Postoperative 3D CT suggests the extent of the laminar opening with
excellent preservation of the zygapophyseal joint. (The red arrow indicates the location of the zygapophyseal joint).

disease (ASDis) after lumbar fusion and reoperation rates have been reported in the literature to be 27.8%, 7.6%, and
4.6%, respectively.'® A retrospective study involving 568 patients found that the most significant surgical factor leading
to ASD is decompression beyond the fusion level.'!

Historically, the management of adjacent segment disease primarily involved open decompression procedures. In
cases where this was accompanied by lumbar instability or slippage, the extension of the fusion segment was considered
a relevant consideration. However, the initial surgery, due to the extensive exposure and substantial decompression,
would result in anatomical structure destruction and scar proliferation and adhesion. Consequently, reopening the surgery
would be a highly traumatic procedure, accompanied by significant bleeding, protracted recovery, and an increased risk
of complications.'? This approach represented a substantial challenge not only for the surgeon but also for the patient.
The development of spinal surgery has been characterised by a gradual shift towards minimally invasive treatments, as
conventional surgical methods have increasingly come under scrutiny from patients.
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Figure 2 Typical case 2. A 69-year-old female patient, one year following lumbar fusion, exhibited a 8-month duration of pain and discomfort in the left lower extremity, which
resulted in a limitation of walking activities. A preoperative examination indicated the presence of an L5/S| left extreme lateral disc herniation, accompanied by nerve compression.
This condition was addressed through surgical intervention, employing the UBE technique. (A) preoperative orthostatic/lateral DR; (B) Preoperative MRl indicates the presence of
an L5/S| left extreme lateral disc herniation, accompanied by nerve compression. (red arrow: herniated disc); (C) Preoperative CT suggests L5/S| left extreme lateral disc
herniation with nerve compression; (D) Fluoroscopy of C-arm to determine the surgical segment after placement of the channel; (E) intraoperative picture after nerve
decompression; (F) Placing a drain in the surgical incision; Postoperative follow-up MRI (G) and CT (H) suggest adequate nerve root decompression (red arrows: the black
signal intensity decreases); (I) Postoperative 3D CT showed good preservation of the zygapophyseal joint (The red arrow indicates the location of the zygapophyseal joint).

A number of studies have reported the utilisation of single-channel endoscopy for the treatment of ASD,"* ' yielding
satisfactory outcomes. However, the limited operating space and angle of single-channel endoscopy may result in
insufficient decompression, especially in patients with combined spinal stenosis. In such cases, the intervertebral
foramenoscope is unable to enlarge the spinal canal for decompression, which limits the use of this procedure.'”'® In
the study by Wei Zhang et al,'® three patients diagnosed with ASD following lumbar spine surgery were treated with the
UBE technique, yielding favourable outcomes. Similarly, the report by Shreenidhi Kulkarni et al*® details a case of a 72-
year-old female patient with ASD who underwent surgery 12 years prior and was treated with the UBE technique, also
resulting in positive outcomes. A further study reported a high rate of joint preservation and a low incidence of
reoperation in the treatment of ASD with the UBE technique. These findings serve to highlight this technique as
a compelling alternative treatment for ASD.?! A recent retrospective study also reported satisfactory short-term results
in 18 patients with ASD after lumbar spine surgery treated with the UBE technique.*

The UBE technique, with its dual-channel design, facilitates the operator’s ability to achieve a clear and expansive
surgical field, thereby enabling precise localisation of the diseased tissue and complete decompression of the compressed
nerve. The C-arm fluoroscopy is utilised for the purpose of identifying the responsible segment prior to surgery, and the
puncture handle is employed to directly penetrate the scar tissue and enter the bony structure of the vertebral plate. This
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approach serves to prevent substantial bleeding during the open surgical exposure process and the collateral injuries that
are often caused by a lack of anatomical clarity. The dual-channel design facilitates the simultaneous execution of
dynamic irrigation and fine manipulation, thereby significantly reducing intraoperative field of vision blockage. The UBE
procedure achieves bilateral decompression through a unilateral approach, preserving the spinous process, interspinous
ligament, and posterolateral structures of the articular eminence to the greatest extent possible, thereby reducing the risk
of spinal instability of medical origin. It is imperative to note that, during the operation, only the ventral aspect of the
contralateral vertebral plate and part of the medial aspect of the articular process require abrading. This is to be done in
such a manner as to avoid extensive resection of bony structures. This approach is to be adopted in order to maintain the
biomechanical integrity of the spine.”* 2® In comparison with single-channel endoscopy, UBE has been shown to be more
efficient in the management of bilateral bony hyperplasia and hypertrophy of the ligamentum flavum, particularly in
cases of combined central canal stenosis or complex lateral saphenous stenosis.?”**

The postoperative lumbar/lower extremity VAS scores, postoperative ODI scores, and lumbar JOA scores of the patients in
this study demonstrated significant improvement in comparison with the preoperative scores. The excellent therapeutic
outcome rate was 93.10%, which provides substantial evidence for the feasibility of the UBE procedure in the treatment of
adjacent segment disease. No patients required reoperation during the follow-up period, though this may be limited by the
short follow-up duration (6 months). In cases of intravertebral stenosis accompanied by thickened adhesions of the
ligamentum flavum, the surgical intervention may result in the occurrence of a dural tear, with the likelihood of such an
event being higher than that of the initial operation. Dural tears accompanied by herniation of the cauda equina occurred in
three cases. The operating team swiftly transitioned to an open surgical approach, undertaking dural sac repair. Not all patients
with dural tears require conversion to open surgery. We only consider converting to open surgery when the dural defect is
large, the cauda equina nerve herniation is severe, and neural decompression has not yet been completed. The UBE technique
is characterised by the presence of a single operating channel, a factor that can complicate the intraoperative microscopic
suturing of the dura. Furthermore, large dural tears frequently entail difficulties in nerve retraction, which may culminate in
irreversible nerve injury if left untreated. ASD revision surgery is associated with heavy intraoperative tissue adhesions and is
prone to large dural tears. We therefore recommend immediate conversion to open surgery.

The limitations of this study are as follows: firstly, there is an absence of long-term follow-up results that could illustrate
the long-term clinical efficacy and recurrence rate of the UBE technique for the treatment of adjacent segment disease after
lumbar spinal fusion. Secondly, it is a retrospective study with low quality of evidence, and there is a possibility of selection
bias due to the small number of ASD cases included. Thirdly, the study did not encompass adjacent spondylolisthesis. Further
studies are necessary to better understand the efficacy of UBE surgery in symptomatic ASD patients.

Conclusion

In conclusion, a retrospective analysis was conducted to summarise the neurological decompression effect of the UBE
technique in the treatment of ASD following lumbar spinal fusion. The UBE technique is an alternative surgical
procedure for the treatment of adjacent segment disease after lumbar fusion, under strict control of the indications.
However, it should be noted that there is a risk of dural tear during the operation, and that larger dural tears with
herniation of the cauda equina may require conversion to open surgery.
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