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AIM: Percutaneous vertebroplasty (PVP) effectively treats thoracolumbar fractures (TLF) but is plagued by post-operative bone cement
leakage. Placing a gelatin sponge in the spinal canal can enhance bone cement viscosity and reduce its fluidity, potentially lowering
leakage risks. This study explores the clinical efficacy of PVP combined with gelatin sponge implantation in treating TLF and assesses
its role in reducing bone cement leakage and associated postoperative complications.
METHODS: This retrospective analysis included 120 TLF patients who underwent PVP treatment at the Anji Traditional Chinese
Medicine Hospital between January 2022 and September 2024. Based on the use of gelatin sponges during the procedure, patients
were divided into a control group, which underwent conventional PVP (n = 67), and an observation group, which received PVP com-
bined with gelatin sponge filling (n = 53). The Visual Analog Scale (VAS) score, Oswestry Disability Index (ODI), anterior edge height
and Cobb angle of the injured vertebra, and Beck index were comparatively analyzed between the two groups at three-time points: be-
fore the operation, 1 day after surgery, and 3 months postoperatively. Furthermore, the rates of bone cement leakage, adjacent vertebral
fractures, adverse reactions, and the Generic Quality of Life Inventory-74 (GQOLI-74) scores were compared between the two groups.
RESULTS: Compared to the preoperative values, the VAS scores and ODI were significantly improved in both groups at 1 day and
3 months after the procedure (p < 0.001). The anterior edge height, Cobb angle, and Beck index were significantly recovered (p <

0.001). However, these indicators showed no significant differences between the two groups before the operation, 1 day and 3 months
after the procedure (p > 0.05). Within one year postoperatively, the incidence rates of bone cement leakage and adverse reactions were
substantially reduced in the observation group than in the control group (p < 0.05). However, there was no statistically significant
difference in the incidence rate of adjacent vertebral fractures between the two groups (p > 0.05). Furthermore, no difference was
observed in the scores of each dimension of GQOLI-74 between the two groups before operation (p> 0.05). One year after the operation,
the scores of each dimension of GQOLI-74 elevated in both groups (p< 0.001), with higher scores observed in the observation group (p
< 0.05).
CONCLUSIONS: Compared to PVP alone, PVP combined with gelatin sponge implantation in treating TLF can effectively reduce the
incidence of bone cement leakage and associated postoperative adverse reactions while improving overall quality of life one year after
surgery.
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Introduction
Thoracolumbar fracture (TLF) is the most common type
of spinal injury [1,2]. The thoracolumbar region lies be-
tween the relatively fixed, kyphotic thoracic vertebrae and
the more mobile, lordotic lumbar vertebrae [3]. This tran-
sitional area of the spine is biomechanically vulnerable due
to the concentration of mechanical stress, making it more
prone to injuries [4]. TLF can lead to potential compli-
cations, including pain, functional loss, spinal deformities,
and, in severe cases, even paralysis [5].
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Percutaneous vertebroplasty (PVP) is a commonly used
method for treating TLF [6]. It offers rapid pain relief,
restores vertebral body height, and improves patient func-
tion and mobility, thereby reducing the risk of death and
alleviating complication rate [7]. PVP is a minimally inva-
sive technique performed under the guidance of C-arm flu-
oroscopy, during which polymethyl methacrylate (PMMA)
or calcium phosphate bone cement is percutaneously in-
jected into the fractured vertebra [7]. Despite its advan-
tages, one of the most common complications of PVP is
bone cement leakage [8]. If the cement leaks into the spinal
canal, it may compress the spinal cord or nerve roots, lead-
ing to radiculopathy or neurological dysfunction, and in se-
vere cases, may need surgical decompression [9]. Addi-
tionally, leakage into the paravertebral veins may cause se-
rious outcomes such as pulmonary embolism, cardiac per-
foration, cerebral embolism, or even death [10]. Further-
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more, bone cement leakage into the intervertebral disc may
accelerate disc degeneration and increase the risk of adja-
cent vertebral fracture [11].
To reduce bone cement leakage during percutaneous ver-
tebroplasty (PVP) for thoracolumbar fractures (TLF), var-
ious techniques, such as balloon kyphoplasty and bone-
filling mesh bag vertebroplasty, have been adopted in
previous studies, achieving promising outcomes [12–14].
However, the high cost of these techniques has limited
their widespread application [15]. In comparison, gelatin
sponge, a widely available and cost-effective material com-
monly used in clinical practice, offers a valuable alterna-
tive [15]. Gelatin sponge, primarily composed of collagen,
has excellent volume-filling ability, mechanical strength,
and enhanced absorbability, making it a preferred option
in hemostatic and vascular embolization surgeries [16–18].
In spinal surgery, gelatin sponge is widely used due to its
excellent hemostatic properties, and ability to prevent adhe-
sions between neurons and soft tissues [19]. For example,
in patients with vertebral hemangiomas undergoing verte-
broplasty, administration of absorbable gelatin sponge is
safe and effective, reducing blood loss during surgery and
shortening operation time [20].
Biomechanical experiments conducted by Meng et al. [21]
demonstrated that gelatin sponge can reduce the incidence
of bone cement leakage by increasing the viscosity of ce-
ment and decreasing its fluidity. However, a previous study
reported a limited effect of gelatin sponge on bone ce-
ment leakage [22]. Currently, research on applying gelatin
sponges in PVP for TLF is limited. Therefore, this retro-
spective study analyzed TLF patients who underwent ei-
ther conventional PVP surgery alone or PVP combinedwith
gelatin sponge treatment. This analysis evaluated the clini-
cal efficacy of this combined treatment method and its im-
pact on the rate of bone cement leakage.

Materials and Methods
Research Participants
This retrospective study included 120 TLF patients treated
at the Anji Traditional Chinese Medicine Hospital between
January 2022 and September 2024. Based on the use of
gelatin during PVP, patients were divided into the con-
trol group, which received conventional PVP (n = 67), and
the observation group, which received PVP combined with
gelatin sponge filling (n = 53).
This study was approved by the Anji Traditional Chinese
Medicine Hospital Ethics Review Committee (Approval
number: 2025-001) and strictly adheres to the principles
outlined in the Declaration of Helsinki. All patients in-
cluded in the study provided written informed consent.

Inclusion and Exclusion Criteria
The inclusion criteria for patient selection were as follows:
(1) Patients with recent fractures, an intact posterior ver-
tebral wall, and a normal spinal canal, without signifi-

cant spinal cord/nerve roots compression; (2) Patients with
no cognitive, language, or intellectual disorders; (3) Pa-
tients with diagnosis consistent with the “Chinese Expert
Consensus on the Diagnosis of Osteoporosis by Imaging
and Bone Mineral Density” [23] and the “Guidelines for
the Treatment of Osteoporotic Vertebral Compression Frac-
tures (OVCF)” [24]; (4) Patients who agreed to participate
in a 1-year follow-up, including telephone-based follow-up
assessments; (5) Patients with no prior non-surgical treat-
ments such as pain relief, anti-osteoporotic therapy, physi-
cal therapy, or bracing; (6) Those with good compliance,
regular follow-up, and complete follow-up data; and (7)
Those aged 60 years or above.
Exclusion criteria included: (1) Preoperative computed to-
mography (CT) scan showing vertebral body collapse ex-
ceeding 75% or symptoms of nerve damage; (2) Patients
with history of brain trauma and chest injury; (3) Patients
known allergies to bone cement or contrast materials; (4)
Patients with severe open fractures; (5) Patients with can-
cer, infectious disease, hematologic diseases, or other se-
rious systematic illnesses; (6) Patients with history of pre-
vious TLF; (7) Those not requiring surgical treatment; and
(8) Those known allergic predisposition or psychological
disorders.

Therapeutic Intervention Protocols

Preoperative CT scans were performed using a C-arm
machine (Philips BV 29, Philips Medical Systems, Best,
Netherlands) and compared with preoperative imaging
studies to identify the target vertebral body for the proce-
dure. The operation was conducted under local infiltration
anesthesia. Patients were placed in a prone position, with
soft pads placed under the chest and iliac regions to allow
the abdomen to hang freely. Gentle pressure was applied to
the injured vertebral area to facilitate postural reduction.
The puncture site was determined to be approximately 3 cm
lateral to the spinous process of the affected vertebra, corre-
sponding to the fluoroscopic projection of the pedicle. After
routine disinfection and draping of the surgical area, local
anesthesia was administered, and a 0.3 cm longitudinal skin
incision was made using a scalpel. Then, a puncture nee-
dle was inserted percutaneously. With the aid of the C-arm
machine, the puncture trajectory was carefully adjusted to
ensure accurate needle placement, with the needle tip posi-
tioned at the anterior 1/3 of the vertebral body. After this,
the puncture needle was removed, and a hand drill was in-
serted through the guide needle to gradually establish the
working channel under the guidance of the C-arm machine.
Gelatin sponge blocks (Dimensions: 60 mm × 20 mm × 5
mm; National Medical Device Registration: 20163642299,
Jiangxi Xiangen Medical Technology Development Co.,
Ltd., Nanchang, China) were cut into small fragments of
about 3 mm × 3 mm × 3 mm. Between five to ten of
these pieces were placed through one side of the work-
ing sleeve, and then a pusher rod was used to advance the
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gelatin sponge blocks through the working channel to the
anterior part of the vertebral body, where they were com-
pacted (the gelatin sponge filling step was omitted in the
control group).
Under C-arm fluoroscopy, the position of the tip of the
pusher rod indicated the location of the gelatin sponge.
When the pusher rod reached the vertebral fissure, fluo-
roscopy confirmed that the gelatin sponge had been deliv-
ered to the anterior wall fissure of the affected vertebra.
After that, bone cement (OSTEOPAL V, Heraeus Medical
GmbH, Hanau, Germany) in a filamentous state was slowly
injected into the affected vertebral body under dynamic flu-
oroscopic monitoring using the same pusher rod.
When the cement injection pressure increased without ex-
ceeding the anterior cortical boundary of the vertebral body,
it was determined that the anterior fissure had been effec-
tively blocked by the gelatin sponge. Injection was stopped
once the bone cement had evenly dispersed in the verte-
bra. The working channel was rotated to detach the bone
cement, and then the channel was carefully retracted. Fi-
nally, the puncture site was disinfected with iodophor solu-
tion, and sterile pressure dressing was applied using gauze.

Observation Indicators
Baseline Data Collection
Baseline data were collected for all patients, including gen-
der, age, body mass index (BMI), degree of osteoporosis (T
value), time from injury to operation, fracture location and
pattern, bone mineral density (BMD), surgical approach
(unilateral or bilateral), operation duration, and the volume
of bone cement injected. Additionally, the presence of co-
morbidities, such as hypertension, diabetes, or chronic ob-
structive pulmonary disease (COPD) was recorded. BMD
was measured using a dual-energy X-ray absorptiometry
(DEXA) scanner (AKDX-09 W-I, Shenzhen XRAY Elec-
tric Co., Ltd., Shenzhen, China). The T value was calcu-
lated using the formula: T value = (Individual BMD mea-
surement – Young healthy adult average BMD)/Reference
population standard deviation. The average BMD and stan-
dard deviation of young healthy adults are sourced from
the reference database specific to Hologic devices: Lum-
bar spine BMDmeasurements use the Hologic lumbar spine
reference database; Femoral neck and total hip BMD mea-
surements use the Hologic National Health and Nutrition
Examination Survey (NHANES) III Caucasian female pop-
ulation reference database [25,26].

Visual Analog Scale (VAS) Score and Oswestry Disability
Index (ODI)
Pain levels were measured using the VAS scores at three-
time points: before the procedure, one day after the oper-
ation, and 3 months after the operation. During VAS as-
sessment, a 10 cm horizontal line was drawn, with one end
marked as 0 representing no pain, and the other as 10 indi-
cating severe pain. The intermediate part of the horizontal

line represents different degrees of pain successively [27].
Patients were asked to mark a point on the line that best
corresponded to their perceived pain level, and the distance
from the 0 point indicated the VAS score. The functional
status of the patient was assessed using the Oswestry Dis-
ability Index (ODI) at the same three-time points. The ODI
scale contains 10 items assessing pain and various daily ac-
tivities, with a total score ranging from 0 to 100. Higher
scores showmore severe functional impairment and disabil-
ity [28].

Assessing Anatomical Structure Recovery of the Injured
Vertebra
X-ray measurements of the injured vertebra were collected
at three-time points: before the operation, one day postoper-
atively, and 3 months postoperatively. These data included
the height of the anterior and posterior edges of the verte-
bral body, the sagittal Cobb angle, and the calculation of
the Beck index to evaluate the recovery of the vertebral
anatomy. The sagittal Cobb angle is defined as the angle
formed by the intersection of the extended lines of the up-
per endplate of the injured vertebra and the lower endplate
of the adjacent vertebra [29]. The Beck index is determined
based on the ratio of the height of the anterior vertebral body
to the height of the posterior vertebral body [30].

Observing Bone Cement Leakage and Adjacent Vertebral
Fracture and Recording Adverse Reactions
The occurrence of bone cement leakage was assessed by re-
viewing postoperative anteroposterior and lateral X-ray im-
ages taken within one year. Additionally, the occurrence of
adjacent vertebral fractures during the one-year follow-up
period was collected. Any adverse events, including spinal
nerve injury, rib fracture, pulmonary embolism, and pneu-
mothorax, were also documented.

Quality of Life
The Generic Quality of Life Inventory-74 (GQOLI-74)
scores were collected for all patients before surgery and one
year after the procedure. This inventory evaluates four di-
mensions: psychological function, physical function, social
function, and material life status. Each dimension is scored
on a scale ranging from 0 to 100, with higher scores indi-
cating a better quality of life [31].

Statistical Analysis

Data were statistically analyzed using SPSS (Version 21.0,
IBM, Armonk, NY, USA). The Kolmogorov-Smirnov test
was used to analyze the normality of continuous variables
(n ≥30). Variables following a normal distribution were
expressed as mean ± standard deviation (x̄ ± s), while
non-normally distributed data were displayed as median
and interquartile range [M (P25–P75)]. For normally dis-
tributed continuous variables, between-group comparisons
were analyzed using independent-sample t-test, and within-
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Table 1. Comparison of baseline data between the two groups [x̄ ± s, n (%)].
Characteristics/Group Control group (n = 67) Observation group (n = 53) t/χ2 value p-value

Gender 0.155 0.694

Male 12 (17.91) 11 (20.75)

Female 55 (82.09) 42 (79.25)

Age (years) 75.52 ± 5.73 74.51 ± 6.43 0.908 0.366

BMI (kg/m2) 23.28 ± 2.64 22.95 ± 2.47 0.699 0.486

Degree of osteoporosis (T value) –(3.45 ± 0.49) –(3.51 ± 0.51) 0.661 0.510

Time from injury to surgery (day) 2.30 ± 0.74 2.45 ± 0.75 1.096 0.275

Fracture site 1.041 0.594

Middle thoracic 20 (29.85) 13 (24.53)

Lower thoracic 15 (22.39) 16 (30.19)

Lumbar 32 (47.76) 24 (45.28)

Fracture pattern 0.017 0.897

Endplate impaction fracture 17 (25.37) 14 (26.42)

Wedge impaction fracture 50 (74.63) 39 (73.58)

BMD (mg/cm2) 725.63 ± 80.52 731.28 ± 72.41 0.399 0.691

Surgical approach 0.099 0.753

Unilateral 31 (46.27) 23 (43.40)

Bilateral 36 (53.73) 30 (56.60)

Operation duration (min) 35.18 ± 4.58 36.47 ± 5.61 1.386 0.168

Volume of bone cement injected (mL) 5.41 ± 0.39 5.35 ± 0.62 0.612 0.542

Hypertension, yes 41 (61.19) 33 (62.26) 0.014 0.905

Diabetes, yes 26 (38.81) 18 (33.96) 0.299 0.585

COPD, yes 16 (23.88) 10 (18.87) 0.438 0.508

Note: BMI, body mass index; BMD, bone mineral density; COPD, chronic obstructive pulmonary disease.

group comparisons (pre- vs. post-treatment) were assessed
with paired-samples t-test. For non-normally distributed
continuous variables, the Mann-Whitney U test was used
for between-group comparisons, and the Wilcoxon signed-
rank test was applied for within-group comparisons (pre-
vs. post-treatment). Categorical data were presented as fre-
quencies and percentages [n (%)], with differences between
categorical variables analyzed using the chi-square test. For
the χ2 test, the Pearson chi-square test was applied when all
expected frequencies (T) were≥5 and the total sample size
(n) was ≥40. A p-value of <0.05 was considered statisti-
cally significant.

Results
Comparison of Baseline Information Between the Two
Groups
As detailed in Table 1, no significant differences were ob-
served between the two groups in terms of gender distribu-
tion, age, BMI, degree of osteoporosis, time from injury to
operation, fracture site, fracture pattern, BMD, surgical ap-
proach (unilateral or bilateral), operation duration, volume
of bone cement injected and comorbidities such as hyper-
tension, diabetes, and COPD, with comparable outcomes (p
> 0.05).

Functional Recovery Outcomes of Injured Vertebra
Treatment

Compared to preoperative values, VAS scores and ODI sig-
nificantly reduced in both groups at 1 day and 3 months
after the procedure (p < 0.001). However, no significant
differences were observed in VAS scores or ODI between
the two groups at either preoperative time point, 1 day and
3 months after the surgery (p > 0.05, Table 2).

Comparison of Treatment Outcomes Between the Two
Groups

Compared to preoperative values, significant improve-
ments in the Cobb angle, anterior vertebral body height, and
Beck index of the injured vertebrae were observed in both
groups at 1 day and 3 months postoperatively (p < 0.001).
However, these parameters showed no statistically signifi-
cant differences before the surgery or at 1 day and 3 months
postoperatively (p > 0.05, Table 3).

Postoperative Cement Leakage and Adjacent Vertebral
Fracture

Within one year after the procedure, the incidence of bone
cement leakages in the observation group was 9.43%, sig-
nificantly lower than the 25.37% in the control group (p <

0.05). However, there was no statistically significant dif-
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Table 2. Comparison of VAS score and ODI between the two groups [x̄ ± s, M (P25–P75)].
Characteristics/Group Control group (n = 67) Observation group (n = 53) t-value/Z-value p-value

VAS score (point)
Before operation 7 (6, 8) 7 (6.5, 8) 1.293 0.196
1 day postoperative 3 (2, 3)** 3 (2, 3)** 0.305 0.761
3 months postoperative 2 (2, 2)** 2 (2, 2)** 0.991 0.322

ODI (point)
Before operation 71.37 ± 7.16 72.64 ± 8.80 0.870 0.386
1 day postoperative 40.82 ± 5.17** 40.17 ± 5.21** 0.683 0.496
3 months postoperative 31.22 ± 4.17** 31.94 ± 4.77** 0.881 0.380

Note: Compared to preoperative treatment in the same group, **p < 0.001. VAS, Visual Analog Scale; ODI,
Oswestry Disability Index.

Table 3. Comparisons of Cobb angle, vertebral anterior margin height and Beck index of injured vertebra between the two
groups [M (P25–P75)].

Characteristics/Group Control group (n = 67) Observation group (n = 53) Z-value p-value

Cobb angle (°)
Before operation 17 (13, 19) 16 (13, 19.5) 0.228 0.819
1 month postoperative 12 (11, 13)** 13 (11, 13.5)** 1.299 0.194
3 months postoperative 13 (11, 13)** 13 (11.5, 15)** 0.549 0.583

Height of the anterior margin of the vertebral body (mm)
Before operation 17 (14, 18) 17 (15, 18) 0.091 0.928
1 month postoperative 21 (18, 22)** 20 (18, 22)** 0.316 0.752
3 months postoperative 20 (18, 22)** 20 (18, 22)** 0.153 0.878

Beck index
Before operation 0.71 (0.63, 0.78) 0.73 (0.65, 0.78) 0.273 0.785
1 month postoperative 0.91 (0.82, 0.96)** 0.91 (0.83, 0.92)** 0.301 0.764
3 months postoperative 0.90 (0.82, 0.92)** 0.88 (0.82, 0.92)** 0.202 0.840

Note: Compared to preoperative treatment in the same group, **p < 0.001.

ference between the two groups regarding the occurrence
of adjacent vertebral fractures during one-year follow-up
period (p > 0.05, Table 4).

Postoperative Adverse Reaction
Within one year after the operation, the incidence of adverse
reactions in the observation group was lower than in the
control group (p < 0.05, Table 5).

Quality of Life
Before the operation, there were no significant differences
in the scores of each dimension of GQOLI-74 between the
two groups (p > 0.05). One year postoperative, the scores
of each dimension of GQOLI-74 in both groups increased,
and the observation group had higher scores than the control
group in all dimensions (p < 0.05, Table 6).

Discussion
In this study, using a gelatin sponge during PVP signifi-
cantly reduced the incidence of postoperative bone cement
leakage and associated adverse reactions in TLF patients,
without affecting the clinical efficacy of the procedure.
The findings showed that the cement leakage rate in the
control group after conventional PVP was 25.37%. Con-

versely, the observation group had a significantly lower
bone cement leakage rate than the control group, indicat-
ing that the gelatin sponge effectively reduces the risk of
leakage without negatively affecting the clinical outcomes.
Under the guidance of C-arm X-ray fluoroscopy, gelatin
sponges were accurately positioned in the anterior wall area
of the vertebral body during PVP. The proposed mecha-
nisms involving cement leakage prevention include: (1)
Physical plugging effect: These sponges fill the cracks and
trabecular pores in the anterior vertebral wall, effectively
blocking the diffusion path of bone cement into periverte-
bral soft tissue [32]. (2) Rheological regulation: Gelatin
sponge absorbs the monomeric components of bone ce-
ment, increasing its viscosity and resistance to flow, thus
reducing its leakage [33]. (3) Thermal barrier protection:
The sponge acts as an insulating layer between the bone
cement and adjacent blood vessels and nerve tissues, re-
ducing the risk of thermal injury during the polymeriza-
tion [32]. A previous study also underscores the protec-
tive effect of gelatin sponge in patients with posterior wall
damage of the vertebral body [20]. Our results further sup-
port that a gelatin sponge is a viable adjunctive strategy to
reduce bone cement leakage during PVP. Importantly, the
insertion of a gelatin sponge did not increase the duration
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Table 4. Comparison of postoperative bone cement leakages and adjacent vertebral fractures between the two groups.
Characteristics/Group Control group (n = 67) Observation group (n = 53) χ2 value p-value

Cement leakage (total) 17 (25.37) 5 (9.43) 5.021 0.025
Leakage of the superior vertebral endplate 5 2
Anterior vertebral leakage 7 0
Lateral vertebral leakage 4 3
Posterior vertebral leakage 1 0
Adjacent vertebral fracture 11 (16.42) 4 (7.55) 2.129 0.145

Table 5. Comparison of postoperative adverse events between the two groups [n (%)].
Characteristics/Group Control group (n = 67) Observation group (n = 53) χ2 value p-value

Spinal nerve injury 2 (2.99) 1 (1.89)
Rib fracture 5 (7.46) 1 (1.89)
Pulmonary embolism 4 (5.97) 2 (3.77)
Pneumothorax 3 (4.48) 0 (0)
Total 14 (20.90) 4 (7.55) 4.135 0.042

Table 6. Comparison of quality of life between the two groups (x̄ ± s).
Characteristics/Group Control group (n = 67) Observation group (n = 53) t-value p-value

Mental function score (point)
Before operation 59.25 ± 2.55 58.96 ± 2.39 0.636 0.526
1 year postoperative 69.31 ± 3.22** 74.40 ± 4.82** 6.914 <0.001

Body function score (point)
Before operation 60.21 ± 2.35 60.45 ± 2.11 0.581 0.562
1 year postoperative 72.15 ± 3.12** 77.30 ± 3.58** 8.412 <0.001

Social function score (point)
Before operation 57.57 ± 4.79 57.08 ± 4.54 0.569 0.570
1 year postoperative 66.27 ± 3.40** 72.34 ± 4.16** 8.796 <0.001

State of material life score (point)
Before operation 59.00 ± 3.41 58.57 ± 3.60 0.669 0.505
1 year postoperative 64.90 ± 5.59** 69.15 ± 5.91** 4.033 <0.001

Note: Compared to preoperative treatment in the same group, **p < 0.001.

of surgery or alter the quantity of bone cement injected.
This observation is consistent with Zhou et al. [15], who
demonstrated no significant impact on cement volume with
gelatin sponge insertion. In current clinical settings, PVP
continues to be widely used than vertebral balloon kypho-
plasty or bone-filling mesh approaches, due to its proce-
dural simplicity, less resource consumption, and compara-
tively lower treatment costs [34,35]. Moreover, vertebral
balloon kyphoplasty has certain technical challenges, such
as the need to retract the balloon before injecting the bone
cement, which can cause vertebral rebound, loss of verte-
bral height, and difficulty in creating a cavity, ultimately
increasing the risk of bone cement leakage if the injection
is repeated [36]. Given the above clinical considerations,
our study proposes that the method of pre-filling gelatin
sponge is relatively simple, cost-effective, and feasible to
improve PVP in treating thoracolumbar fractures. This ap-
proach provides a promising enhancement to clinical prac-
tice by effectively reducing the rate of bone cement leakage
while preserving the therapeutic efficacy of PVP.

Compared to the preoperative period, the VAS scores and
ODI in both groups showed significant improvements af-
ter surgery, indicating that PVP effectively alleviates pain
and improves functional status [37]. However, no statisti-
cally significant differences were observed in postoperative
VAS scores and ODI between the two groups. These re-
sults are consistent with previous study on the treatment of
osteoporotic vertebral compression fractures with endplate
injury using PVP combined with gelatin sponge composite
compared with PVP alone [38]. This suggests that using
a gelatin sponge during PVP does not impair analgesia or
functional recovery [15,39].

In terms of anatomical recovery, both groups showed sig-
nificant postoperative improvement. This enhancement can
be due to the uniform distribution of bone cement within the
vertebral body during PVP, which improves vertebral sta-
bility, increases symmetrical load distribution across verte-
brae, promotes early fracture healing, and makes the frac-
ture configuration more stable [40]. The lack of significant
differences in anatomical recovery between the two groups
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confirms that gelatin sponge filling does not affect the ver-
tebral reduction process in PVP and may help reduce stress
concentrations associated with bone cement masses by im-
proving more uniform structural support [15].
Previous studies have demonstrated that bone cement leak-
age into the intervertebral space increases the risk of frac-
tures in adjacent vertebral bodies [41,42]. Meta-analyses
have further revealed that bone cement leakage during PVP
significantly increases the incidence of secondary vertebral
fractures [43]. Additionally, bone cement infiltration into
the intervertebral disc or annulus fibrosus can accelerate lo-
cal tissue degeneration, impairing the biomechanical cush-
ioning function of the disc and significantly enhancing the
“pillar effect”, thereby decreasing the disc’s ability to buffer
mechanical stress [44,45]. Additionally, bone cement leak-
age may cause mechanical damage to adjacent endplates,
alter normal stress distribution patterns between vertebral
bodies, and reduce the ability of vertebrae to withstand ab-
normal external forces [43]. These pathological changes
may synergistically deteriorate the biomechanical environ-
ment of the affected and adjacent vertebrae, thereby in-
creasing the risk of re-fracture. In this study, the bone ce-
ment leakage rate was significantly lower in the observation
group than in the control group. However, the incidence
of adjacent vertebral fractures was also lower in the obser-
vation group, with no statistical significance. This result
may be due to the small sample size of the study, which
could have reduced its statistical power, making it difficult
to obtain statistical significance despite clinically relevant
trends. Therefore, it is recommended to conduct large-scale
prospective studies to further validate these findings.
Complications associated with PVP are closely related to
bone cement leakage [46]. Bone cement leakage can lead
to adverse outcomes such as pulmonary embolism, rib frac-
tures, pneumothorax, and spinal nerve compression, which
remain significant clinical concerns [47,48]. This study
found that the total incidence of adverse reactions in the
observation group was significantly lower than in the con-
trol group. The use of a gelatin sponge showed several
protective effects. Its physical plugging effect, effectively
blocks the intravertebral venous sinuses, reducing the risk
of venous bone cement leakage and decreasing the proba-
bility of pulmonary embolism [49]. Additionally, by guid-
ing the distribution pattern of bone cement, it prevents lo-
calized stress concentration, which then reduces the occur-
rence of rib fractures [50]. Furthermore, the physical barrier
formed by a gelatin sponge along the spinal canal can sig-
nificantly reduce the risk of bone cement leakage into the
spinal canal, thereby preventing potential compression in-
juries to the spinal cord and nerve roots [51]. Additionally,
its pre-reinforcement effect on the vertebral body structure
may reduce the risk of pleural injury caused by repeated
puncture adjustments during surgery, providing an opera-
tional protective mechanism for reducing the incidence of
pneumothorax [16]. In summary, gelatin sponges have sig-

nificant advantages in reducing adverse reactions associ-
ated with bone cement leakage, thereby enhancing the over-
all safety profile of PVP.
In this study, no significant differences were found between
the observation and control groups in the four dimensions
of preoperative quality of life, such as physical function,
psychological function, social function, and material liv-
ing status. However, in one year postoperatively, the ob-
servation group showed significantly better performance in
all four dimensions. This improvement was attributed to
the significantly reduced incidence of postoperative com-
plications in the observation group, which significantly pro-
moted the recovery of physical functions [52]. Patients in
the observation group had better postoperative psycholog-
ical function, which may be closely related to improved
treatment safety, particularly the reduced incidence of bone
cement leakage, which helped alleviate postoperative anxi-
ety and fear [53]. Additionally, significant improvement in
physical function further relieved patients’ negative emo-
tions, creating a positive feedback loop that enhanced pa-
tients’ confidence and satisfaction with the treatment and
positively improved overall mental health [54]. Regarding
social function, the postoperative scores were significantly
higher in the observation group than in the control group, in-
dicating a quicker return to work and social activities [55].
This change shortened the rehabilitation period and signifi-
cantly improved social reengagement, which plays a crucial
role in restoring social functionality.
From an economic perspective, the observation group re-
ported a better material living status one year postopera-
tively, mainly due to reduced medical costs. This might
be because the observation group reduced the need for sec-
ondary surgery and decreased long-term rehabilitation ex-
penses, lowering indirect medical expenses and reducing
the economic burden on patients’ families and the health
care system. These observations further underscore the
cost-effectiveness and practical advantages of the treatment
method used in the observation group.
This study has certain limitations that should be addressed
in subsequent research. Firstly, the retrospective design led
to a limited sample size and some selection biases. Cases
were selected based on hospital record archives rather than
through random sampling, and cases with lost follow-up
or incomplete data were excluded. These factors may af-
fect the universality of the findings. Secondly, there are
technical bottlenecks in the intraoperative positioning of the
gelatin sponge. The current sponge injection method relies
on the surgeon’s empirical judgment for determining the in-
jection site without real-time imaging verification, which
may cause operational variability and potential biases.
Future research should consider adopting a prospective co-
hort design involving collaboration among multiple medi-
cal institutions. An expanded sample size based on strati-
fied random sampling would help reduce heterogeneity and
improve the generalizability of the results. Furthermore,
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using radiopaque gelatin sponges or employing advanced
imaging technologies such as multi-directional fluoroscopy
could help identify fracture sites more accurately and im-
prove gelatin sponge positioning during the procedure.

Conclusions
Compared to PVP alone, combining PVP with gelatin
sponge implantation offersmore advantages in treating TLF
by effectively reducing the incidence of bone cement leak-
age and related postoperative adverse complications while
improving quality of life one year after surgery.
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