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Objective: To explore the effect of unilateral biportal minimally invasive surgery 
in the treatment of patients with spinal degenerative diseases based on intelligent 
multimodal reconstruction technology.

Methods: A total of 100 patients with spinal degenerative diseases treated with 
unilateral biportal endoscopy during 2023–2024 in Orthopedics Center of our 
hospital were selected as research objects. Patients using intelligent multi-modal 
reconstruction technology were included as observation group, and patients 
not using intelligent multi-modal reconstruction technology were included 
as control group. The length of hospital stay, operation time, intraoperative 
blood loss, postoperative drainage volume, total blood loss, hidden blood loss, 
hematocrit, hemoglobin level, incidence of complications, degree of pain and 
lumbar function were assessed.

Results: Compared to the control group, the observation group had shorter 
operation time, shorter length of hospital stay, less intraoperative blood loss, 
less postoperative drainage volume, less total blood loss, less hidden blood loss, 
higher hematocrit and higher hemoglobin level (p < 0.01). Relative to the control 
group, the observation group had lower incidence of complications (p < 0.05). 
Compared with 1 day after surgery, the Visual Analog Scale score and Oswestry 
Disability Index score in both groups were gradually declined at 5, 10, and 15 days 
after surgery (p < 0.05). Relative to the control group, the observation group 
had lower Visual Analog Scale score and Oswestry Disability Index score at 5, 
10, and 15 days after surgery (p < 0.05). Compared with 1 day after surgery, the 
Japanese Orthopaedic Association score in both groups was gradually elevated 
at 5, 10, and 15 days after surgery (p < 0.05). Relative to the control group, the 
observation group had higher Japanese Orthopaedic Association score at 5, 10, 
and 15 days after surgery (p < 0.05). Compared with 1 month after surgery, the 
Visual Analog Scale score and Oswestry Disability Index score were gradually 
decreased while the Japanese Orthopaedic Association score was gradually 
elevated in both groups 3, 6 and 12 months after surgery (p < 0.05). Relative to 
the control group, the observation group had lower Visual Analog Scale score 
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and Oswestry Disability Index score as well as higher Japanese Orthopaedic 
Association score 1, 3, 6 and 12 months after surgery (p < 0.05).

Conclusion: Unilateral biportal minimally invasive surgery based on intelligent 
multimodal reconstruction technology can accelerate the body recovery, 
reduce the incidence of complications, reduce the degree of pain and improve 
the lumbar function in the treatment of patients with spinal degenerative 
diseases.

KEYWORDS

spinal degenerative diseases, unilateral biportal endoscopy, intelligent multimodal 
reconstruction technology, lumbar function, pain

Introduction

With the progress of The Times and the rapid development of 
modern society, the level of social medical treatment is also 
accelerating the pace of development, our national average life 
gradually increased, the society is gradually entering the aging. As a 
result, the incidence and prevalence of spinal degenerative diseases are 
increasing year by year, for which neck and back pain are the most 
common clinical symptoms (1). Surgery is an important treatment for 
spinal degenerative diseases (2). However, traditional surgery has 
problems such as greater trauma, higher risk, greater surgical cost, 
slower postoperative recovery, and low patient recognition (3). In 
recent years, the development of single-channel endoscopic 
technology has solved many spinal diseases, but single-channel 
endoscopic technology has disadvantages such as expensive and 
vulnerable surgical instruments, long and steep technical learning 
curve, and intraoperative narrow field of vision, which makes it very 
difficult to promote the technology to the grass root level (4). However, 
the emergence of unilateral biportal endoscopy (UBE) has solved this 
problem well (5).

UBE technology refers to the establishment of two minimally 
invasive channels on the same side of spinal surgery, namely 
“observation channel and operation channel” (6). Compared with 
single-channel endoscopic technology, this technology has the 
following advantages: (1) During the operation, the field of vision is 
larger, and it can easily cross the midline to the contralateral side, and 
complete the bilateral decompression of the spinal canal (7); (2) The 
endoscopic channel does not interfere with the instrument channel, 
and the instrument is not bound by the hard pipe (8); (3) The learning 
curve is smooth, the surgical method is close to the open surgery 
minimally invasive, and it is easier for physicians to master the 
relevant technical points (9); (4) Without the limitation of pipe 
diameter, basic surgery does not require special customized tools, only 
a set of arthroscopic system and conventional surgical instruments 
can be carried out in basic hospitals (10). However, UBE technology 
is still difficult to learn, and local magnification of endoscopic surgery 
is easy to lose the overall anatomical structure. Inexperienced doctors 
need to coordinate the depth and direction of the endoscope for a long 
time, and the surgeon needs to have good three-dimensional spatial 
orientation (11). Therefore, if the preoperative accurate planning is 
required, the intraoperative positioning is efficient and safe. Providing 
real-time anatomical structure identification and spatial position 
information to assist surgery can greatly reduce the learning curve and 
improve surgical safety and efficiency, which is the core issue of the 
promotion and application of UBE technology.

In this study, we compared the therapeutic effect of unilateral 
biportal minimally invasive surgery on patients with spinal 
degenerative diseases under the conditions of preoperative guidance 
without intelligent multimodal reconstruction technology and under 
the conditions of preoperative guidance with this technology.

Data and methods

Patients

This was a retrospective study. In this study, a total of 100 patients 
with spinal degenerative diseases treated with UBE during 2023–
2024 in Orthopedics Center of our hospital were selected as research 
objects. Patients using intelligent multi-modal reconstruction 
technology were included as observation group, and patients not using 
intelligent multi-modal reconstruction technology were included as 
control group. Each group had 50 patients. Inclusion criteria: (1) 
Patients undergoing minimally invasive spinal surgery with UBE 
technique due to degenerative spinal diseases; (2) Age ≥40; (3) No 
gender preference; (4) No limitation on nationalities. Exclusion 
criteria: (1) the operation area was a secondary operation; (2) 
abnormal bone development and bone metabolism; (3) patients with 
severe osteoporosis (T-value ≤ −2.5); (4) abnormal coagulation 
function. This study was conducted in accordance with the Declaration 
of Helsinki and approved by the Ethics Committee of our hospital. All 
participants provided written informed consent prior to enrollment.

Randomization and blinding

A group randomization design was adopted for random grouping. 
The random allocation sequence was generated by a computer. The 
allocation confidentiality measures were achieved through sequential 
numbering, sealing, and opaque envelopes. After being deemed to 
meet the inclusion criteria, patients were randomly assigned to the 
control group or the observation group in a 1:1 ratio. This study was 
single-blind, and the participants were unaware of the allocation.

Preoperative planning

Both the observation group and the control group underwent 
thin-slice computed tomography and other routine preoperative 
examinations before surgery, and completed the preoperative 
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evaluation of the Japanese Orthopaedic Association (JOA) score (12), 
the Oswestry Disability Index (ODI) questionnaire (13), and the 
Visual Analog Scale (VAS) score (14). In the observation group, based 
on intelligent multi-mode reconstruction technology, computed 
tomography data were used to generate a three-dimensional 
reconstruction model of the spine, obtain clear anatomical 
information of the surgical site, complete personalized pre-operative 
planning and surgical rehearsal on the three-dimensional model, and 
obtain information such as the location of the anchor point of the 
operation, the scope of surgical decompression, and the best surgical 
process. In the control group, the scope and procedure of operation 
were determined by experience based on the preoperative examination 
according to the conventional UBE surgical method.

Surgical method

All patients underwent UBE surgical method. The patient was put 
under general anesthesia and placed in prone position. After the 
operative area was disinfected, the “Corps double-channel water 
diversion method” was used to lay towels and apply film to seal the 
water, and the position of the responsibility gap was determined by 
fluoroscopy. In the observation group, according to the preoperative 
surgical plan, the double-channel path was established, and the anchor 
was found. According to the preoperative plan, laminectomy, 
ligamentum flavum resection, lateral recess decompression, and 
intervertebral disc removal were performed. In the control group, a 
double-channel pathway was established according to the experience 
of the surgeon, and the anatomical structure of the interlaminar space 
was found under the microscope. According to the degree of 
intravertebral canal nerve relaxation under the microscope, 
laminectomy, ligamentum flavum resection, lateral recess 
decompression, and intervertebral disc removal were performed. After 
that, according to the needs of the patient and the requirements of the 
patient, the intervertebral space bone graft fusion and pedicle screw 
fixation were performed. A negative pressure indwelling drainage tube 
was placed on the wound, the incision was sutured layer by layer, and 
the dressing was bandaged.

Postoperative management

All patients underwent postoperative management. Routine 
antibiotics were used to prevent infection for 24–48 h, intravenous 
non-steroidal drugs were used to relieve pain for 72 h, and the 
drainage tube was removed within 72 h or when the drainage volume 
was <50 mL. Active flexion and extension of ankle joint and straight 
leg elevation exercises were performed after anesthesia. From 24 to 
28 h after surgery, weight-bearing walking began.

Observation indicators

 (1) The length of hospital stay, operation time, intraoperative 
blood loss, postoperative drainage volume, hematocrit (Hct), 
hemoglobin (Hb), total blood loss (TBL), and hidden blood 
loss (HBL) were recorded in both groups. HBL = TBL − (Visible 
blood loss + Allogeneic blood transfusion volume). 

TBL = Preoperative blood volume × (Preoperative hematocrit 
− Postoperative hematocrit)/Average Hct.

 (2) The total incidence of complications including incision 
infection, hematoma compression, cerebrospinal fluid leakage 
and lower limb numbness was recorded and compared between 
the two groups.

 (3) The VAS score was used to evaluate the pain of patients 1, 5, 10, 
and 15 days after surgery. 0 points represented no pain, 1 to 3 
points represented mild pain, 4 to 5 points represented 
moderate pain, and 6 to 10 points represented severe pain.

 (4) The JOA score was used to evaluate the functional disorder of 
patients 1, 5, 10, and 15 days after surgery. The total score was 
29 points, with the lower score indicating more obvious of 
functional disorder.

 (5) The ODI was used to evaluate the lumbar function of patients 
1, 5, 10, and 15 days after surgery, including 10 items such as 
standing, self-care, sitting, disturbed sleep, walking, pain 
intensity, sexual life, extracts, social life, and travel. The score 
range was 0–50 points for each item. The score was inversely 
proportional to lumbar function.

 (6) The patients were followed up 1, 3, 6, 12 months after surgery, 
and JOA, ODI, and VAS scores were assessed.

Statistical analysis

GraphPad Prism 10.0 statistical software was employed for 
analyzing the data. The measurement data were exhibited by mean ± 
standard deviation (x ± s). Normality and variance equality were 
tested using Shapiro–Wilk tests and Levene’s Test for Equality of 
Variances, respectively. Comparisons were performed with the t-test, 
following the assessment of normality and equality of variances. The 
counting data were exhibited as number and rate (%), and χ2 test was 
applied for comparison. p < 0.05 was considered as 
statistically significant.

Results

General data of patients in both groups

No statistical differences were seen in general data of patients 
between the two groups (p > 0.05, Table 1).

Surgery-related indexes between 2 groups

Compared to the control group, the observation group had 
shorter operation time, shorter length of hospital stay, less 
intraoperative blood loss, less postoperative drainage volume, less 
TBL, less HBL, higher HCT and higher Hb level (p < 0.01, Figure 1).

Incidence of complications between 2 
groups

Relative to the control group, the observation group had lower 
incidence of complications (p < 0.05, Table 2).
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Degree of pain at different time points in 
both groups

Compared with 1 day after surgery, the VAS score in both 
groups was gradually declined at 5, 10, and 15 days after surgery 
(p < 0.05). Relative to the control group, the observation group had 
lower VAS score at 5, 10, and 15 days after surgery (p < 0.05, 
Figure 2).

Functional disorder at different time points 
in both groups

Compared with 1 day after surgery, the JOA score in both groups 
was gradually elevated at 5, 10, and 15 days after surgery (p < 0.05). 
Relative to the control group, the observation group had higher JOA 
score at 5, 10, and 15 days after surgery (p < 0.05, Figure 3).

Lumbar function at different time points in 
both groups

Compared with 1 day after surgery, the ODI score in both groups 
was gradually declined at 5, 10, and 15 days after surgery (p < 0.05). 

Relative to the control group, the observation group had lower ODI 
score at 5, 10, and 15 days after surgery (p < 0.05, Figure 4).

Follow-up results of patients in both 
groups

Compared with 1 month after surgery, the VAS score and ODI 
score were gradually decreased while the JOA score was gradually 
elevated in both groups 3, 6 and 12 months after surgery (p < 0.05). 
Relative to the control group, the observation group had lower VAS 
score and ODI score as well as higher JOA score 1, 3, 6 and 12 months 
after surgery (p < 0.05, Figure 5).

Discussion

The intelligent 3D reconstruction and segmentation system of 
complex spinal model is to study the 3D reconstruction method based 
on medical information and the corresponding medical application 
by realizing a 3D visualization environment of medical image suitable 
for surgical clinical diagnosis, so as to provide a platform for users to 
apply the system for related medical auxiliary diagnosis or practical 
medical surgery (15). In our study, an intelligent spinal segmentation 

TABLE 1 General data of patients in both groups.

Groups N Gender Age 
(years)

Course 
of 

disease 
(years)

Type of diseases

Male Female Lumbar 
spondylolisthesis

Degenerative 
lumbar 

instability

Lumbar 
disc 

herniation

Lumbar 
spinal 

stenosis

Control 

group
50

27 

(54.00)
23 (46.00) 51.33 ± 13.25 5.06 ± 0.48 9 (18.00) 5 (10.00) 30 (60.00) 6 (12.00)

Observation 

group
50

25 

(50.00)
25 (50.00) 51.36 ± 13.32 5.13 ± 0.54 8 (16.00) 3 (6.00) 32 (64.00) 7 (14.00)

χ2/t 0.16 0.01 0.68 0.70

P 0.68 0.99 0.49 0.87

FIGURE 1

Surgery-related indexes between 2 groups. **p < 0.01.
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model was applied. Firstly, the body regions were automatically 
identified from the images, and then the spinal-related bones were 
segmented and classified for recognition. Based on the rapid coarse 
segmentation results, the three-dimensional anatomical features of the 
spine and the 3D-tracing intelligent correction algorithm were utilized 
to obtain the final precise three-dimensional segmentation results and 
each vertebra segment was accurately identified. The automatic 

recognition algorithm is currently available in the PVmed-iCurve 
product and has obtained a Class III certification. By leveraging 
massive data, including multi-center, multi-resolution, and multi-site 
CT data, training with a deep learning convolutional neural network 
model, and extracting image features at multiple scales, a precise body 
region segmentation algorithm was achieved. Because the vertebral 
bodies cover the areas from the neck to the pelvis of the human body, 
and there are differences in the organs and anatomical structures at 
different levels of the human body, so by using the extracted body 
regions, the overall CT cross-sectional anatomical information was 
used to train the deep learning model to obtain the vertebral body 
regions and their labels at each layer. Because global information of 
the human body region needed to be  utilized, a self-learning 
transformer model based on global information was adopted, 
combined with multi-scale extraction of image information to train 
the network model. Moreover, since continuous slices have anatomical 
characteristics, each layer of the continuous multi-slice input was used 
for prediction of the overall structure, and the gold standard was used 
as a discriminator to distinguish its authenticity to further improve the 
segmentation accuracy of the model. Although the above algorithm 
design can already yield relatively accurate segmentation results, in 
order to further improve the segmentation accuracy and ensure the 
accuracy of the three-dimensional anatomy, the 3D-Tracing algorithm 
was utilized to perform 3D structure fine-tuning along the center line 
of the segmented vertebrae, thereby ensuring the high robustness of 
the algorithm.

With the development of medical science and computer science, 
clinical medicine has put forward higher requirements for image 

TABLE 2 Incidence of complications between 2 groups.

Groups N Incision 
infection

Hematoma 
compression

Cerebrospinal fluid 
leakage

Lower limb 
numbness

Total 
incidence rate

Control group 50 3 (6.00) 3 (6.00) 1 (2.00) 2 (4.00) 9 (18.00)

Observation group 50 0 (0.00) 1 (2.00) 0 (0.00) 1 (2.00) 2 (4.00)

χ2 5.00

P 0.02

FIGURE 2

Degree of pain at different time points in both groups. *p < 0.05, vs. 
control group; #p < 0.05, vs. 1 day after surgery.

FIGURE 3

Functional disorder at different time points in both groups. *p < 0.05, 
vs. control group; #p < 0.05, vs. 1 day after surgery.

FIGURE 4

Lumbar function at different time points in both groups. *p < 0.05, vs. 
control group; #p < 0.05, vs. 1 day after surgery.
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processing technology. As an important image processing arm, image 
registration technology is widely used and of great significance in 
clinical practice (16). For example, it can be applied to assist disease 
diagnosis, monitoring of lesion morphological changes, image-guided 
surgical treatment and evaluation of therapeutic effects (17). To align 
the two-dimensional perspective images with the three-dimensional 
CT images, the first step was to establish the perspective process of the 
C-Arm, which is a classic ray-tracing algorithm (18). Through the 
well-known geometric calibration algorithm in the industry, the 
perspective model of the C-Arm was obtained. The vertebral body 
segmentation based on perspective images and the segmentation 
based on 3D CT images were achieved by collecting a large amount of 
data and training with the most advanced deep learning models 
available at present. Based on the 2D and 3D vertebral structure 
segmented by deep learning, through the constructed ray-tracing 
model and their similarity evaluation model, the initial deformation 
parameters were directly predicted by training the deep learning 
model. Through data augmentation, we  could design different 
machine parameters and shooting angles. Through simulation, 
we could build a large amount of data, thereby obtaining a robust 
model structure. Then, using the Nelder–Mead Optimization Method 
(19), we could iteratively obtain the final deformation parameters to 
avoid the model from deviating due to some abnormal situations.

In our study, the results suggested that compared to the control 
group, the observation group had shorter operation time, shorter 
length of hospital stay, less intraoperative blood loss, less postoperative 
drainage volume, less TBL, less HBL, higher HCT, higher Hb level, 
lower VAS score at 5, 10, and 15 days after surgery, as well as lower 
incidence of complications. All these results suggested that UBE 
based on intelligent multimodal reconstruction technology could 
accelerate the body recovery and reduce the postoperative pain of 
patients with spinal degenerative diseases. Besides, our study 
indicated that relative to the control group, the observation group had 
higher JOA score and lower ODI score at 5, 10, and 15 days after 
surgery, suggesting that UBE based on intelligent multimodal 
reconstruction technology could improve the lumbar function of 
patients with spinal degenerative diseases. Additionally, follow-up 
studies showed that relative to the control group, the observation 
group had lower VAS score and ODI score as well as higher JOA score 
1, 3, 6 and 12 months after surgery, suggesting the long-term 
effectiveness of UBE based on intelligent multimodal reconstruction 
technology. Consistent with our findings, Wu et al. suggested that the 

artificial intelligence-assisted surgical coaching program effectively 
improved surgical performance and safety for novice surgeons in 
laparoscopic cholecystectomy procedures (20). The reason is that 
through the intelligent 3D model reconstruction and segmentation 
system, doctors can clearly obtain the anatomical information of the 
patient’s surgical site and formulate personalized surgical plans (21). 
At the same time, the preoperative surgical planning based on the 3D 
model reduces the intraoperative risk, and the preoperative planning 
information is mapped into the endoscopic video stream to assist 
doctors in conducting clinical surgical operations, thereby improving 
the surgical efficiency, reducing the pain, and improving the lumbar 
function (22).

The intelligent multimodal reconstruction and the existing spinal 
navigation technologies have significant differences in data fusion 
methods, functional characteristics and application effects. Its 
advantages include rich information expression, high positioning 
accuracy, and convenient operation. However, its disadvantages 
include complex data acquisition and processing, difficult model 
training, and high hardware requirements (23). In the future, 
improvements need to be made in data quality, model optimization, 
and hardware upgrading.

Our research has some limitations. Firstly, our sample size is 
relatively small, which may lead to deviations between the data results 
and the actual values. Secondly, our research adopted a single-blind 
design, which inevitably resulted in subjective biases from the 
researchers, leading to an imbalance in the treatment between the two 
groups. Thirdly, our research was a single-center study, and the sample 
was not representative, which may not accurately reflect the 
characteristics of a broader population. Fourthly, our research only 
conducted 1-year follow-up observations, and the long-term 
prognosis of patients after surgery remains unclear. Therefore, more 
multi-center, double-blind, large-scale and long-term studies should 
be conducted in the future to further verify our findings.

Conclusion

Our study demonstrates that UBE based on intelligent multimodal 
reconstruction technology can accelerate the body recovery, reduce 
the incidence of complications, reduce the degree of pain and improve 
the lumbar function in the treatment of patients with spinal 
degenerative diseases.

FIGURE 5

Follow-up results of patients in both groups. *p < 0.05, vs. control group; #p < 0.05, vs. 1 month after surgery.

https://doi.org/10.3389/fmed.2025.1615699
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Sun et al. 10.3389/fmed.2025.1615699

Frontiers in Medicine 07 frontiersin.org

Data availability statement

The datasets presented in this study can be  found in online 
repositories. The names of the repository/repositories and accession 
number(s) can be found in the article/Supplementary material.

Ethics statement

The studies involving humans were approved by Ethics Committee 
of Xinjiang Production and Construction Corps Hospital. The studies 
were conducted in accordance with the local legislation and 
institutional requirements. The participants provided their written 
informed consent to participate in this study.

Author contributions

QS: Writing – review & editing, Writing – original draft. LW: 
Writing – review & editing, Writing – original draft. JM: Writing – 
original draft, Writing – review & editing. FH: Writing – original draft, 
Writing – review & editing. DW: Writing – review & editing, Writing – 
original draft. CS: Writing – original draft, Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. This work was supported 
by Corps Fiscal Science and Technology Program – Clinical 
Application and Regional Promotion of Intelligent Multi-modal 
Reconstruction-assisted Unilateral Biportal Endoscopic Minimally 
Invasive Surgery for Degenerative Spinal Diseases (2023AB018-09), 
and Corps Fiscal Science and Technology Program – Innovative Team 

for Digitally Empowered Unilateral Biportal Endoscopic Surgery 
Technology (2024DB012).

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that no Gen AI was used in the creation of 
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fmed.2025.1615699/
full#supplementary-material

References
 1. Ravindra VM, Senglaub SS, Rattani A, Dewan MC, Härtl R, Bisson E, et al. 

Degenerative lumbar spine disease: estimating global incidence and worldwide volume. 
Global Spine J. (2018) 8:784–94. doi: 10.1177/2192568218770769

 2. Hiranaka Y, Miyazaki S, Yurube T, Kuroshima K, Ryu M, Inoue S, et al. Influence 
of the preoperative duration of symptoms on patients' clinical outcomes after minimally 
invasive surgery-transforaminal lumbar interbody fusion for degenerative lumbar spinal 
diseases. Medicina (Kaunas). (2022) 59. doi: 10.3390/medicina59010022

 3. Pokorny G, Amaral R, Marcelino F, Moriguchi R, Barreira I, Yozo M, et al. Minimally 
invasive versus open surgery for degenerative lumbar pathologies: a systematic review and 
meta-analysis. Eur Spine J. (2022) 31:2502–26. doi: 10.1007/s00586-022-07327-3

 4. Chen H, Zheng G, Bian Z, Hou C, Li M, Zhang Z, et al. Comparison of minimally 
invasive transforaminal lumbar interbody fusion and endoscopic lumbar interbody 
fusion for lumbar degenerative diseases: a retrospective observational study. J Orthop 
Surg Res. (2023) 18:389. doi: 10.1186/s13018-023-03875-6

 5. Reis JPG, Pinto EM, Teixeira A, Frada R, Rodrigues D, Cunha R, et al. Unilateral 
biportal endoscopy: review and detailed surgical approach to extraforaminal approach. 
EFORT Open Rev. (2025) 10:151–5. doi: 10.1530/EOR-24-0137

 6. Yu Z, Ye C, Alhendi MA, Zhang H. Unilateral biportal endoscopy for the treatment 
of lumbar disc herniation. J Vis Exp. (2023) 202

 7. Lal Motten T. Surgical outcomes of unilateral biportal endoscopy versus full 
endoscopy for lumbar canal stenosis: a meta-analysis. Cureus. (2024) 16:e76219. doi: 
10.7759/cureus.76219

 8. Park MK, Son SK, Park WW, Choi SH, Jung DY, Kim DH. Unilateral Biportal 
endoscopy for decompression of Extraforaminal stenosis at the lumbosacral junction: 
surgical techniques and clinical outcomes. Neurospine. (2021) 18:871–9. doi: 
10.14245/ns.2142146.073

 9. Li T, Jiang Q, Zhong W, Zhu T, Lu Z, Ding Y. One-hole split endoscope versus 
unilateral biportal endoscopy for lumbar spinal stenosis: a retrospective propensity score 
study. J Orthop Surg Res. (2024) 19:254. doi: 10.1186/s13018-024-04743-7

 10. Zheng B, Xu S, Guo C, Jin L, Liu C, Liu H. Efficacy and safety of unilateral biportal 
endoscopy versus other spine surgery: a systematic review and meta-analysis. Front Surg. 
(2022) 9:911914. doi: 10.3389/fsurg.2022.911914

 11. Micko ASG, Cho A, Heck S, Marik W, Wolfsberger S. Does high-definition 
3-dimensional imaging improve orientation during endoscopic transsphenoidal 
surgery? A prospective trial. Oper Neurosurg (Hagerstown). (2023) 24:e330–5.

 12. Goh GS, Soh RCC, Yue WM, Guo CM, Tan SB, Chen JL. Determination of the 
patient acceptable symptom state for the Japanese Orthopaedic association score in 
patients undergoing anterior cervical discectomy and fusion for cervical spondylotic 
myelopathy. Spine J. (2020) 20:1785–94. doi: 10.1016/j.spinee.2020.06.021

 13. Jenks A, Hoekstra T, van Tulder M, Ostelo RW, Rubinstein SM, Chiarotto A. Roland-
morris disability questionnaire, Oswestry disability index, and Quebec back pain disability 
scale: which has superior measurement properties in older adults with low back pain? J 
Orthop Sports Phys Ther. (2022) 52:457–69. doi: 10.2519/jospt.2022.10802

 14. Sung YT, Wu JS. The visual analogue scale for rating, ranking and paired-
comparison (VAS-RRP): a new technique for psychological measurement. Behav Res 
Methods. (2018) 50:1694–715. doi: 10.3758/s13428-018-1041-8

 15. Fu F, Wei J, Zhang M, Yu F, Xiao Y, Rong D, et al. Rapid vessel segmentation and 
reconstruction of head and neck angiograms using 3D convolutional neural network. 
Nat Commun. (2020) 11:4829. doi: 10.1038/s41467-020-18606-2

 16. Dubost F, Bruijne M, Nardin M, Dalca AV, Donahue KL, Giese AK, et al. Multi-
atlas image registration of clinical data with automated quality assessment using 

https://doi.org/10.3389/fmed.2025.1615699
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2025.1615699/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2025.1615699/full#supplementary-material
https://doi.org/10.1177/2192568218770769
https://doi.org/10.3390/medicina59010022
https://doi.org/10.1007/s00586-022-07327-3
https://doi.org/10.1186/s13018-023-03875-6
https://doi.org/10.1530/EOR-24-0137
https://doi.org/10.7759/cureus.76219
https://doi.org/10.14245/ns.2142146.073
https://doi.org/10.1186/s13018-024-04743-7
https://doi.org/10.3389/fsurg.2022.911914
https://doi.org/10.1016/j.spinee.2020.06.021
https://doi.org/10.2519/jospt.2022.10802
https://doi.org/10.3758/s13428-018-1041-8
https://doi.org/10.1038/s41467-020-18606-2


Sun et al. 10.3389/fmed.2025.1615699

ventricle segmentation. Med Image Anal. (2020) 63:101698. doi: 10.1016/j.media. 
2020.101698

 17. Hu J, Luo Z, Wang X, Sun S, Yin Y, Cao K, et al. End-to-end multimodal image 
registration via reinforcement learning. Med Image Anal. (2021) 68:101878. doi: 
10.1016/j.media.2020.101878

 18. Kausch L, Thomas S, Kunze H, Norajitra T, Klein A, Ayala L, et al. C-arm 
positioning for standard projections during spinal implant placement. Med Image Anal. 
(2022) 81:102557. doi: 10.1016/j.media.2022.102557

 19. Taufek T, Manurung YHP, Adenan MS, Akma S, Choo HL, Louhichi B, et al. 
Modeling and simulation of additively manufactured cylindrical component using 
combined thermomechanical and inherent strain method with Nelder-Mead 
optimization. 3D Print Addit Manuf. (2023) 10:156–69. doi: 10.1089/3dp.2021.0197

 20. Wu S, Tang M, Liu J, Qin D, Wang Y, Zhai S, et al. Impact of an AI-based laparoscopic 
cholecystectomy coaching program on the surgical performance: a randomized controlled 
trial. Int J Surg. (2024) 110:7816–23. doi: 10.1097/JS9.0000000000001798

 21. Wang Y. Artificial intelligence-powered robotic joint surgery: application, research 
progress, and prospects. Zhonghua Wai Ke Za Zhi. (2025) 63:32–8. doi: 
10.3760/cma.j.cn112139-20240922-00437

 22. Albertini JN, Derycke L, Millon A, Soler R. Digital twin and artificial intelligence 
technologies for predictive planning of endovascular procedures. Semin Vasc Surg. 
(2024) 37:306–13. doi: 10.1053/j.semvascsurg.2024.07.002

 23. Ma J, Xie R, Ayyadhury S, Ge C, Gupta A, Gupta R, et al. The multimodality cell 
segmentation challenge: toward universal solutions. Nat Methods. (2024) 21:1103–13. 
doi: 10.1038/s41592-024-02233-6

Frontiers in Medicine 08 frontiersin.org

https://doi.org/10.3389/fmed.2025.1615699
https://doi.org/10.1016/j.media.2020.101698
https://doi.org/10.1016/j.media.2020.101698
https://doi.org/10.1016/j.media.2020.101878
https://doi.org/10.1016/j.media.2022.102557
https://doi.org/10.1089/3dp.2021.0197
https://doi.org/10.1097/JS9.0000000000001798
https://doi.org/10.3760/cma.j.cn112139-20240922-00437
https://doi.org/10.1053/j.semvascsurg.2024.07.002
https://doi.org/10.1038/s41592-024-02233-6
https://www.frontiersin.org

	Clinical effect of unilateral biportal minimally invasive surgery in the treatment of patients with spinal degenerative diseases based on intelligent multimodal reconstruction technology
	Introduction
	Data and methods
	Patients
	Randomization and blinding
	Preoperative planning
	Surgical method
	Postoperative management
	Observation indicators
	Statistical analysis

	Results
	General data of patients in both groups
	Surgery-related indexes between 2 groups
	Incidence of complications between 2 groups
	Degree of pain at different time points in both groups
	Functional disorder at different time points in both groups
	Lumbar function at different time points in both groups
	Follow-up results of patients in both groups

	Discussion
	Conclusion

	References

