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Abstract: Objective: To evaluate the predictive value of somatosensory evoked potentials (SEPs) for the efficacy of 
closed reduction combined with over-extension reduction technique (PVP) in managing thoracolumbar spinal com-
pression fractures. Methods: Data were collected from 125 patients who underwent closed reduction with PVP and 
SEP monitoring from February 2021 to July 2023. We evaluated surgery success rates, incidence of bone cement 
leakage, and patient recovery outcomes including vertebral anterior height, Oswestry Disability Index (ODI), and 
Cobb angle restoration. SEP results were analyzed to categorize patients into effective and ineffective treatment 
groups. Differences in SEP waveforms between these groups were examined, and ROC analysis was used to as-
sess the predictive value of these differences. Multivariate logistic regression was employed to identify risk factors 
affecting treatment efficacy. Results: Post-treatment assessments showed significant improvements in vertebral 
anterior height, ODI, and Cobb angle. SEP monitoring correlated well with intraoperative findings and physical ex-
aminations. During reduction, changes in SEP latency and amplitude were noted in 37 patients, with 7 patients 
meeting SEP amplitude alarm criteria, which normalized after adjustments. During PVP, 28 patients exhibited SEP 
amplitude fluctuations and 5 experienced a 30% reduction in amplitude following initial cement injection, with no 
significant latency changes. Treatment was deemed effective in 93 patients and ineffective in 32. SEP amplitudes 
during vertebral compression and PVP were significantly lower in the effective group (P<0.05). The AUC for predict-
ing treatment efficacy was 0.819 and 0.859, respectively. Multivariate analysis revealed low preoperative vertebral 
compression ratio, number of fractures, and abnormal SEP amplitudes as independent risk factors for treatment 
outcomes. Conclusion: SEP monitoring provides an accurate reflection of spinal cord function during closed reduc-
tion with PVP, aiding in predicting treatment safety and efficacy. The use of SEP monitoring is thus recommended 
for clinical application in this context.

Keywords: Somatosensory evoked potentials, closed reduction, over extension reduction technique, thoracolum-
bar spinal compression fracture

Introduction

With China’s aging population, the incidence of 
osteoporotic vertebral compression fractures 
(OVCF) has steadily increased annually [1]. 
Thoracolumbar osteoporotic compression frac-
tures are particularly prevalent among the 
elderly, characterized by symptoms such as 
kyphosis, chest deformity, and sudden lumbar 
back pain. These fractures can impair cardio-
pulmonary function and increase the risk of 

upper respiratory tract and pulmonary infec-
tions, significantly affecting the quality of life in 
elderly patients [2, 3]. Although percutaneous 
vertebroplasty (PVP) combined with the over-
extension reduction technique has become the 
preferred treatment, simple PVP often does not 
restore the original vertebral morphology and 
height [4].

Traction reduction, a technique rooted in tradi-
tional Chinese medicine, has shown unique 
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advantages in restoring vertebral height and 
treating compression fractures, backed by 
years of practical experience [5]. Recently, the 
integration of PVP with traction reduction has 
emerged as a prominent method for managing 
thoracolumbar spinal compression fractures. 
However, the effectiveness of traction reduc-
tion heavily depends on the operator’s subjec-
tive judgment and experience, lacking estab-
lished objective standards for traction force, 
duration, and depth of vertebral compression 
during the procedure. Additionally, while PVP  
is relatively safe and minimally invasive, it can 
still lead to complications such as spinal cord 
and nerve compression [6, 7]. Thus, imple-
menting safety monitoring for PVP combined 
with traction reduction is crucial. Somatosen- 
sory evoked potential (SEP) monitoring, a wide-
ly recognized method for assessing spinal cord 
function during spinal surgeries, is used pre-
dominantly in cervical and lumbar procedures 
[8, 9].

Despite the established value of SEP in spinal 
surgery monitoring, its application in hyperex-
tension reduction manipulation combined with 
PVP treatment remains underexplored. Thus, 
this study introduces SEP monitoring to the  
process of PVP combined with traction reduc-
tion, aiming to monitor spinal cord function in 
real-time, enhance the safety of the treatment, 
and establish objective and effective standards 
for the quality control of this therapy.

Materials and methods

Clinical data

A retrospective analysis was conducted on 68 
patients with thoracolumbar spinal compres-
sion fractures treated with extension reduction 
manipulation combined with PVP and SEP test-
ing at the Affiliated Hospital of Gansu University 
of Traditional Chinese Medicine from February 
2021 to July 2023.

Inclusion criteria: (1) Diagnosis of thoracolum-
bar vertebral compression fractures confirmed 
by X-ray; (2) Disease course within one week; 
(3) Suitability for PVP surgery; (4) Complete 
medical records; (5) Received PVP treatment 
and SEP monitoring, with outcomes assessed 
post-surgery.

Exclusion criteria: (1) Patients with chronic tho-
racolumbar vertebral compression fractures; 

(2) Patients with concurrent malignant bone 
tumors; (3) Patients with symptoms of spinal 
cord and nerve root compression; (4) Non-
compliance or loss to follow-up. The study flow-
chart is detailed in Figure 1. Ethical approval 
was granted by the ethics Committee of the 
Affiliated Hospital of Gansu University of Tra- 
ditional Chinese Medicine.

Treatment and monitoring

SEP monitoring [10]: SEP monitoring was con-
ducted using the Oxford Medilogic Muscle 
Evoked Potential Instrument, with room tem-
perature maintained between 22°C and 25°C. 
Surface electrodes were used to stimulate the 
medial malleolus of the lower limbs using 
square wave stimuli, with current intensities 
ranging from 30 to 60 mA and toe twitch as  
the standard response. Stimulation frequen-
cies varied between 1.9 and 5.7 Hz, with pulse 
widths from 0.2 to 0.3 ms, repeated 100 times. 
The recording electrode was placed at the Cz 
point on the scalp, with the reference electrode 
at the Fz point. SEP examinations were per-
formed routinely on all patients prior to and dur-
ing various phases of the procedure: before 
reduction maneuvers, prior to surgery, during 
horizontal and vertical traction, during vertical 
compression of the fractured vertebra, and 
upon reduction completion. Continuous moni-
toring occurred from before anesthesia induc-
tion through surgery, until treatment comple-
tion. Needle electrodes were used to provide 
continuous electrical stimulation to the bilater-
al tibial nerves at the posterior lower limbs to 
consistently elicit toe twitches throughout the 
monitoring. SEP monitoring indices included 
latency and amplitude, with P37 set as the 
standard evoked potential. The interval from 
stimulus onset to the first evoked potential 
waveform and the amplitude from peak to 
trough were measured. Baseline latency and 
amplitude were established after full exposure 
of the vertebral body following paraspinal mus-
cle dissection. Abnormal criteria were defined 
as a decrease in amplitude greater than 50%  
or an extension of latency exceeding 10%.  
Upon detecting such abnormalities, immediate 
investigation and intervention were underta- 
ken.

Over extension reduction technique: The pa- 
tient is placed in the prone position. An assis-
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Figure 1. Flow chart of patient inclusion.

tant stands by the patient’s head, gripping the 
axillae, while two other assistants stand by the 
patient’s feet, holding the ankles (ensuring 
avoidance of the SEP stimulation electrodes). 
Both groups exert simultaneous horizontal  
traction in opposite directions for 3 to 5 min-
utes. Following this, the foot-side assistants 
gradually lift the lower limbs to elevate the 
spine into a hyperextension position. Con- 
currently, the operator applies pressure to the 
injured vertebrae with overlapping hands. The 
procedure is conducted under fluoroscopic 
guidance, aiming to restore the vertebral height 
to 90% or more.

PVP procedure: After reducing the fracture, a 
C-arm X-ray machine is used to identify the 
operative vertebra, pedicle directions, and the 
“owl’s eye” projection to correct any vertebral 
rotation. Under C-arm guidance, the puncture 
needle is inserted through the pedicle into the 
junction of the pedicle and vertebral body. A  
lateral view confirms the needle’s position. The 
pedicle is manipulated in all directions to widen 
the entry point, and the angle of the needle is 
adjusted to avoid breaching the pedicle’s inner 

wall. The needle is advanced to the anterior 
two-thirds of the vertebral body, with the tip 
nearing or crossing the midline. After withdraw-
ing the stylet, a contrast medium is injected to 
check for leaks. Type III acrylic resin bone 
cement is then prepared to a toothpaste-like 
consistency and slowly injected at a rate of 2  
ml initially, followed by an additional 2-6 ml 
after a 2-minute wait. The distribution and dif-
fusion of bone cement within the vertebral  
body are closely monitored for any signs of 
leakage into the vertebral veins, epidural space, 
or neural foramina, with the injection halted 
immediately if leakage is detected. On average, 
4.8±0.4 ml of bone cement is injected per ver-
tebral body. Postoperatively, patients are re- 
quired to remain bedridden for 24 to 72 hours.

Outcome measure

Primary outcome measures: Patients were 
classified into either a good recovery group or a 
poor recovery group based on the percentage 
of height loss restoration of the anterior edge  
of the injured vertebra, Oswestry Disability 
Index (ODI), and the recovery of the Cobb angle 
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Table 2. Patient surgical success rate and 
bone cement leakage
Project n=125
Surgery success rate 125 (100.00)
Surgical time (min) 54.89±4.03
Bone cement leakage
    Leakage anterior to cone 7 (5.60)
    Cone side leakage 4 (3.20)
    Leakage behind the cone 0
Bleeding volume (ml) 6.92±1.27
Hospital stay (days) 8.61±1.18

Table 1. Patient demographics and baseline 
characteristics
Item n=68
Gender
    Male 66 (52.94)
    Female 59 (47.06)
Age
    ≤60 45 (36.76)
    >60 85 (63.24)
Body mass index (kg/m2)
    ≤23 64 (51.47)
    >23 61 (48.53)
Number of cone fractures
    Single cone 75 (60.29)
    Double cone 44 (35.29)
    3 cones 6 (4.41)
Fracture site
    Thoracic 55 (44.00) 
    Lumbar spine 70 (56.00) 
Comorbidities
    Diabetes 37 (29.60) 
    Hypertension 37 (29.60) 
    Others 51 (40.80)

of the thoracolumbar spine sagittal plane post-
treatment. The criteria for good recovery includ-
ed: restoration of the anterior vertebral height 
to less than 25% loss, ODI improved to less 
than 40%, and a Cobb angle of less than 10°. 
SEP monitoring waveforms at different treat-
ment stages were compared between the two 
groups, and the predictive value of significant 
waveform differences was analyzed using ROC 
analysis. Multivariate logistic regression was 
used to identify risk factors impacting patient 
outcomes.

Secondary outcome measures: (1) Postopera- 
tive metrics included surgical success rates 
and incidences of bone cement leakage. (2) 
Two months post-surgery, patient outcomes 
were evaluated, including the restoration of 
anterior vertebral body height, preoperative 
ODI, and Cobb angle. (3) Results from somato-
sensory evoked potentials (SEP) monitoring 
were analyzed.

Statistical analysis

Data were organized using Excel and analyzed 
using SPSS 20.0. Measurement data were 

expressed as mean ± standard deviation (
_
x  ± 

sd), with independent t-tests comparing gr- 
oups with differing recovery outcomes and 
paired t-tests assessing pre- and post-treat-
ment changes within groups. Categorical data 
were analyzed using the Chi-square test. ROC 
analysis was conducted to evaluate the predic-
tive value of significant waveform amplitude  
differences, and multivariate logistic regres-
sion analysis was employed to investigate risk 
factors affecting patient outcomes. A p-value 
<0.05 was considered statistically significant.

Result

Patient demographics and baseline character-
istics

All patients met the inclusion criteria and were 
enrolled in the study. Basic demographic and 
clinical characteristics are summarized in Table 
1.

Patient surgical success rate and bone ce-
ment leakage

A total of 181 vertebral bodies in 125 patients 
were treated successfully, with an average sur-
gical duration of 54.89±4.03 minutes. The- 
re were no intraoperative deaths or adverse 
events related to cardiovascular or cerebrovas-
cular systems. Bone cement leakage occurred 
anteriorly in 4 cases and laterally in 2 cases, 
with no posterior leakage observed. Detailed 
results are provided in Table 2.

Assessment of patient recovery outcomes

Preoperatively, the average percentage of ante-
rior vertebral body height loss in patients was 
45.7±10.74%. One week postoperatively, X-ray 
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Figure 2. Assessment of patient recovery outcomes. ODI: Oswestry Disability 
Index. * indicates P<0.05.

Table 3. SEP monitoring values of patients at different monitoring 
stages

Monitoring phase Amplitude 
(μv) Latency (ms) 

Before reduction (prone position) 1.65±0.19* 34.49±1.26
Longitudinal traction 1.98±0.26 36.78±1.16
Hyperextension traction 2.01±0.21 36.56±1.39
Press the injured vertebra 2.21±0.21# 36.84±1.28
After reduction/before PVP (prone position) 1.6±0.18* 34.33±1.16
During PVP surgery 2.07±0.21# 36.78±2.02
After PVP surgery 1.57±0.17 34.39±1.45
SEP: somatosensory evoked potential; PVP: percutaneous vertebroplasty. Note: * 
compared with #, P<0.05.

evaluations showed that this had improved to 
24.95±4.11%, a statistically significant recov-
ery (P<0.05). The ODI decreased from 69.97± 
6.01% preoperatively to 38.83±2.25% postop-
eratively, also showing significant improvement 
(P<0.05). The preoperative Cobb angle of the 
thoracolumbar spine in the sagittal plane was 
27.04±1.89°, which recovered to 8.64±1.3° 
postoperatively, indicating significant correc-
tion (P<0.05). These results are depicted in 
Figure 2.

SEP monitoring results

Preoperative SEP monitoring aligned with in- 
traoperative electrophysiological examination 
findings and physical examination results. All 

125 patients underwent suc-
cessful SEP monitoring during 
treatment. During the overex-
tension reduction technique, 
88 patients showed no signifi-
cant changes in SEP. However, 
37 patients exhibited varia-
tions in SEP latency and ampli-
tude, with 7 experiencing sig-
nificant transient prolongatio- 
ns (>2.5 ms) in SEP latency 
and reductions in amplitude 
exceeding 50% during verte-
bral compression, triggering 
alarm criteria. Upon temporar-
ily halting the reduction and 
adjusting the pressure, SEP 
waveforms normalized. No 
other abnormal changes in 
SEP waveforms were noted 
during the overextension re- 
duction in the remaining 
patients. During the PVP pro-
cedure, 28 patients showed 
intraoperative waveform fluc-
tuations, and 5 of these ex- 
perienced a 30% decrease in 
SEP amplitude following the 
initial 2 ml bone cement in- 
jection, without significant la- 
tency changes. No corrective 
action was taken, and the pro-
cedure continued with the 
remaining bone cement injec-
tion under ongoing SEP mo- 
nitoring. Postoperatively, no 
neurological dysfunction was 

reported, consistent with the preoperative and 
intraoperative SEP monitoring results. The 
detailed findings are presented in Table 3.

Comparison of SEP monitoring amplitudes

Patients were divided into an effective group 
(93 cases) and an ineffective group (32 cases) 
based on the percentage of anterior edge 
height loss of the injured vertebra, ODI, and 
recovery of the sagittal Cobb angle of the tho- 
racolumbar spine. SEP amplitudes were com-
pared across various monitoring stages be- 
tween these groups. No significant differences 
in SEP amplitudes were observed before re- 
duction (in prone position), during longitudinal 
traction, during hyperextension traction, after 
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Table 4. Comparison of SEP monitoring amplitudes

Monitoring phase Effective group
n=93

Ineffective group
n=32 t P

Before reduction (prone position) 1.68±0.19 1.62±0.23 1.458 0.147
Longitudinal traction 1.95±0.21 1.97±0.26 0.436 0.663
Hyperextension traction 2.06±0.24 2.01±0.21 1.048 0.297
Press the injured vertebra 2.12±0.16 2.35±0.22 6.339 <0.001
After reduction/before PVP (prone position) 1.61±0.15 1.63±0.14 0.661 0.510
During PVP surgery 2.01±0.15 2.31±0.21 8.757 <0.001
After PVP surgery 1.62±0.17 1.57±0.16 1.456 0.148
SEP: somatosensory evoked potential; PVP: percutaneous vertebroplasty.

Figure 3. SEP abnormal amplitude for efficacy prediction ROC. A: Prediction 
ROC of the therapeutic effect of the amplitude when pressing the injured 
vertebrae. B: Prediction ROC of time amplitude on efficacy during PVP sur-
gery. SEP: somatosensory evoked potential; ROC: receiver operating char-
acteristic; PVP: percutaneous vertebroplasty.

reduction/PVP preoperatively (in prone posi-
tion), and post-PVP surgery (P>0.05). However, 
SEP amplitudes during vertebral compression 
and PVP surgery were significantly lower in the 
effective group compared to those in the inef-
fective group (P<0.05), as shown in Table 4.

SEP abnormal amplitude for efficacy predic-
tion ROC analysis

ROC analysis was conducted on SEP monitor-
ing amplitudes during vertebral compression 
and PVP surgery. The amplitudes at these stag-
es demonstrated a high predictive value for 
treatment efficacy. The sensitivity of amplitude 
prediction during vertebral compression was 
84.38%, with a specificity of 72.04% and an 
AUC of 0.819. During PVP surgery, the sen- 
sitivity was 78.13%, with a specificity of 75.27% 
and an AUC of 0.859. These results are illus-
trated in Figure 3.

and abnormal SEP amplitude were indepen-
dent risk factors affecting patient prognosis 
(Table 6, P<0.05).

Discussion

Thoracolumbar compression fractures are a 
prevalent type of spinal injury, often leading to 
vertebral collapse due to the compression of 
cancellous bone [11]. Over years of clinical 
practice, the over-extension reduction tech-
nique has demonstrated significant advantag-
es in restoring vertebral height and addressing 
compression fractures. PVP, a minimally inva-
sive technique, involves injecting polymethyl-
methacrylate bone cement into the vertebra  
to enhance vertebral height and compressive 
strength, thereby swiftly alleviating pain [12-
14]. However, traditional over-extension reduc-
tion techniques primarily depend on the sur-
geon’s experience and lack an objective as- 
sessment of spinal cord function during the 

Multifactorial analysis of treat-
ment efficacy

Based on postoperative out-
comes, patients were catego-
rized into effective and ineffec-
tive groups. Single-factor an- 
alysis identified factors influ-
encing treatment efficacy as 
age, low preoperative vertebral 
compression ratio, number of 
vertebral body fractures, and 
the improvement rate of SEP 
amplitude (Table 5). Logistic 
regression analysis further re- 
vealed that a high percentage 
of preoperative vertebral ante-
rior height loss, a high number 
of vertebral body fractures, 
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Table 5. Univariate analysis

Item Effective group
n=93

Ineffective group
n=32 X2 P

Age 10.02 0.001
    ≤60 (n=45) 42 (45.16) 4 (12.50)
    >60 (n=85) 51 (54.84) 28 (87.50)
BMI (kg/m2) 0.025 0.875
    ≥23 kg/m2 (n=64) 48 (51.61) 16 (50.00)
    <23 kg/m2 (n=61) 45 (48.39) 16 (50.00)
Number of cone fractures 18.21 <0.001
    Single cone (n=75) 66 (70.97) 9 (28.13)
    2-3 cones (n=50) 27 (20.93) 23 (71.88)
Percentage of height loss at the front edge of the injured vertebral body before surgery (%) 15.30 <0.001
    ≥50% (n=53) 30 (32.26) 23 (71.88)
    <50% (n=72) 63 (67.74) 9 (28.13)
Is there any abnormality in SEP monitoring? 16.62 <0.001
    Yes (n=55) 28 (30.11) 27 (77.27)
    No (n=70) 65 (69.89) 5 (22.73)
SEP: somatosensory evoked potential.

Table 6. Multi-factor analysis

Factor B S.E. Wals P Exp (B)
95% C.I.

Lower 
limit

Upper 
limit

Number of cone fractures 1.622 0.692 5.334 0.011 4.911 1.320 11.345
Percentage of height loss at the front edge of the injured vertebral body before surgery (%) 3.412 0.921 7.329 0.002 10.4552 2.872 16.592
SEP monitoring abnormality 2.579 0.752 6.287 0.003 9.021 1.923 14.423
SEP: somatosensory evoked potential.
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procedure, raising concerns about potential 
severe complications [15]. Although generally 
considered safe, PVP may still pose risks such 
as spinal cord or nerve compression. Addi- 
tionally, during cement injection, temperatures 
can reach up to 113°C in the vertebral cortex 
and 112°C centrally, presenting a risk of ther-
mal injury which could lead to suboptimal out-
comes [16, 17]. Thus, developing methods to 
prevent complications related to spinal cord 
and nerve compression and accurately pre- 
dicting treatment efficacy is crucial in clinical 
settings.

In our study, we observed that SEP latency pro-
longation was more sensitive than amplitude 
changes during the over-extension reduction 
technique. Four patients exhibited transient 
prolongation of SEP latency (>2.5 ms) and a 
decrease in amplitude exceeding 50%, trigger-
ing the alarm criteria. Upon halting the reduc-
tion maneuver and adjusting the pressure on 
the injured vertebrae, waveforms returned to 
normal. During subsequent PVP treatment, 
although some patients experienced amplitu- 
de decreases, these did not meet the alarm 
threshold, thus no adjustments were made. 
Overall, the surgery was successful for all 
patients, who subsequently recovered well.

Previous studies have indicated that for treat-
ing elderly patients with osteoporotic spinal 
compression fractures, both PVP and percuta-
neous kyphoplasty (PKP) offer benefits such  
as minimal trauma and rapid recovery. PVP, in 
particular, has advantages over PKP, including 
significantly shorter operation times, a lower 
risk of bone cement venous leakage and adja-
cent vertebral fractures, and higher surgical 
safety [18]. These findings align with existing 
research demonstrating that combining PVP 
with over-extension reduction effectively man-
ages osteoporotic thoracolumbar compression 
fractures by providing rapid pain relief, restor-
ing vertebral height, and correcting kyphotic 
deformities [19].

Postoperative patient assessments correlated 
with SEP monitoring results, affirming that SEP 
monitoring assists surgeons in adjusting treat-
ments to enhance efficacy. SEP is a well-estab-
lished tool in spinal surgeries; amplitude of 
evoked potentials reflects the number of re- 
sponding neurons. During surgery, traction or 
compression on the spinal cord or nerve roots 

can cause neural ischemia, evidenced by de- 
creased evoked potential amplitude. The laten-
cy period indicates the conduction speed of 
nerve fibers. Persistent ischemia can reduce 
the number of responsive nerve fibers and 
cause irreversible nerve conduction changes, 
thus prolonging latency [20, 21]. Therefore, a 
50% reduction in amplitude suggests signifi-
cant pathological damage, while a 10% increa- 
se in latency also signals harm [22].

SEP monitoring is commonly employed in cer- 
vical and lumbar surgeries, and its value is 
widely recognized. This study represents the 
first application of SEP monitoring during the 
combination of over-extension reduction and 
PVP treatment, providing valuable insights into 
its effectiveness and safety in this specific  
clinical context.

It is crucial to note that during the injection of 
bone cement into the vertebral body, unlike 
conventional spinal exposure surgeries, any 
complications such as spinal cord or nerve 
compression can have irreversible conse-
quences [23]. To mitigate this risk, we imple-
mented a staged injection protocol. Initially, 
after the bone puncture needle enters the ver-
tebral body, an SEP assessment is conduct- 
ed. If no abnormalities are detected, 1-2 ml of 
bone cement is injected, followed by an imme-
diate SEP reassessment within one minute. 
This staged approach not only complements 
the surgical procedure but also maximizes the 
acquisition of crucial neural and spinal cord 
function information. If SEP abnormalities are 
detected after the initial 2 ml of bone cement, 
immediate investigation and response can min-
imize potential complications.

To further assess the predictive value of SEP 
monitoring on patient outcomes and factors 
influencing efficacy, we categorized patients 
into effective and ineffective groups based on 
post-treatment measures such as the percent-
age of anterior vertebral height loss, ODI, and 
thoracolumbar sagittal Cobb angle restoration. 
Results indicated that SEP amplitudes during 
vertebral compression and PVP procedures 
were significantly lower in the effective group, 
suggesting a strong predictive value of ampli-
tude changes at these stages. Multivariate 
analysis identified a high preoperative percent-
age of anterior vertebral height loss, a greater 
number of vertebral fractures, and abnormal 
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SEP amplitudes as independent risk factors 
affecting patient prognosis.

However, challenges remain with SEP, such as 
enhancing monitoring accuracy, reducing false 
positives and negatives, and establishing uni-
form alarm standards for diverse patients. The 
feasibility of relying solely on SEP technology 
during procedures also warrants further inves-
tigation. Additionally, our study faces certain 
limitations. First, the relatively small sample 
size may limit the generalizability of our find-
ings. Larger, multicenter studies are needed to 
validate these results. Second, potential selec-
tion bias in the retrospective analysis could 
affect the external validity of our findings. 
Lastly, while SEP was utilized to monitor the 
combined over-extension reduction and PVP 
procedure, it may not capture all dimensions  
of the treatment process. Combining multiple 
measurement tools and methods could provide 
a more comprehensive assessment of treat-
ment efficacy.

In conclusion, SEP monitoring accurately re- 
flects spinal cord function during the combined 
over-extension reduction and PVP procedures, 
supporting its utility for predicting treatment 
safety and efficacy. This monitoring technique 
is recommended for clinical application.
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