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AIM: This study aims to evaluate the clinical effectiveness of percutaneous vertebroplasty (PVP) and percutaneous kyphoplasty (PKP)
in managing osteoporotic vertebral compression fractures (OVCFs).

METHODS: This retrospective study included 268 elderly OVCF individuals, and 144 individuals were selected after propensity score
matching. General patient information, perioperative conditions, vertebral height and Cobb angle, lumbar spinal function, degree of pain,
incidence of complications, and fracture recurrence rates were compared and analyzed for the patients.

RESULTS: The PKP group exhibited longer surgical duration, greater intraoperative blood loss, and more frequent X-ray fluoroscopy
during the perioperative period compared to the PVP group (p < 0.05). However, there was no significant difference in the length of
hospital stay between the two groups. Furthermore, PKP surgery significantly improved vertebral height, corrected spinal posture, and
enhanced lumbar spinal function while mitigating pain levels within the 12-month postoperative period (p < 0.05). Additionally, the PKP
group showed substantially lower rates of bone cement leakage, nerve injury, and fracture recurrence than the PVP group (p < 0.05).
CONCLUSIONS: Compared to PVP, PKP demonstrates better clinical effectiveness with lower incidence of complications in managing
OVCF. However, surgical time and intraoperative trauma should be considered.
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Introduction

Osteoporotic vertebral compression fractures (OVCFs) are
a common disease, primarily affecting middle-aged and
older individuals. Patients typically experience a decrease
in vertebral height, spinal kyphotic deformity, and severe
back pain, significantly impacting their quality of life [1,
2, 3]. Presently, percutaneous kyphoplasty (PKP) and per-
cutaneous vertebroplasty (PVP) are widely used interven-
tional methods for managing OVCF [4, 5, 6].

PVP involves directly injecting bone cement or other fillers
into the vertebral body to strengthen it, restore vertebral
height, and effectively relieve back pain in vertebral com-
pression fracture patients. However, PVP surgery has sev-
eral limitations [7]. Firstly, there is a high risk of bone ce-
ment leakage, especially around the fracture cracks. This
leakage may enter the spinal canal and neural foramina,
increasing the possibility of nerve injury and other com-
plications. Secondly, PVP is less effective in correcting
spinal kyphotic deformities and does not substantially im-
prove spinal stability [8, 9, 10].
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In contrast, PKP surgery offers certain advantages in man-
aging OVCEF. This procedure involves restoring vertebral
height by inflating a balloon inside the vertebral body, and
injecting bone cement under low pressure to stabilize the
spine [11, 12]. Compared to PVP surgery, PKP increases
spinal stability and minimizes the risk of bone cement leak-
age, primarily due to a cavity within the affected vertebra,
making it a safer option [13, 14].

Considering the distinct characteristics, advantages, and
limitations of PKP and PVP in managing OVCEF, a compar-
ative analysis of these two procedures is essential. By as-
sessing their efficacy in pain relief, vertebral height restora-
tion, and spinal stability improvement, clinicians can make
more accurate treatment decisions to achieve optimal out-
comes. Thus, this study aims to compare the efficiency of
PKP and PVP in managing OVCEF, offering more reliable
treatment evidence to guide clinical practice.

Materials and Methods
Patient Information

This retrospective study included 268 elderly individuals
who underwent OVCF at our hospital from March 2021
to 2023. Based on the surgical procedures, study partici-
pants were categorized into the PVP group (n = 132) and
the PKP group (n = 136). This study followed the Decla-
ration of Helsinki guidelines and received ethical approval
from the Ethics Committee of Suzhou Hospital of Inte-
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grated Traditional Chinese and Western Medicine (grant
number: 2024009). Furthermore, all study participants pro-
vided informed consent.

Inclusion criteria were set as follows: @ Patients aged >60
years; @ Bone mineral density T-score at L1-L4 detected
by dual-energy X-ray absorptiometry <-2.5; @ Those with
minor trauma history, such as twisting or falling, with local-
ized chest/lumbar back pain within 2 weeks and no neuro-
logical symptoms; @ X-ray, computed tomographic (CT),
or magnetic resonance imaging (MRI) revealed a single ver-
tebral compression fracture in the upper third of the thora-
columbar spine (T11-L2) without posterior wall rupture; ®
Patients with Osteoporotic Thoracolumbar Injury Classifi-
cation and Severity Score (OTLICS) >4; ® Those who un-
derwent unilateral PVP/PKP surgery under local anesthe-
sia; @ Follow-up period >12 months with complete pre-
and post-operative imaging data.

The exclusion criteria were as follows: @ Patient with a his-
tory of long-term corticosteroid use leading to secondary
osteoporosis; @ MRI indicating old vertebral fractures or
intravertebral disc changes; ® Those with vertebral frac-
tures resulting in nerve root and/or spinal cord injury; @
Non-compliance during the follow-up period or missing
data; ® Those with pathological fractures caused by bone
tumors or infections.

Surgical Approaches

During PVP, the patient was positioned prone, and preoper-
ative imaging was conducted to identify the fractured verte-
bra. However, the precise location of the fractured vertebra
was confirmed by utilizing a C-arm X-ray for fluoroscopy.
The puncture site was marked by locating the skin projec-
tion of the spinous process of the fractured vertebra, 1-2 cm
laterally. After routine disinfection, a sterile surgical drape
was applied. After this, local infiltration anesthesia with
2% lidocaine was administered at the puncture site. Once
adequate anesthesia was achieved and the patient’s thora-
columbar spine was positioned to increase vertebra reposi-
tioning, the puncture needle was advanced to the anterior
2/3 of the fractured vertebra. Bone cement was incremen-
tally injected under fluoroscopic guidance to ensure suffi-
cient fracture expansion and minimize the risk of cement
leakage. The injection was immediately stopped upon ob-
serving satisfactory cement dispersion or in the event of
leakage. After waiting 1-2 minutes, the insertion rod of the
delivery cannula was rotated and removed. The gauze was
applied to the puncture site to control bleeding, and the area
was disinfected and covered with a dressing, completing the
procedure.

The surgical procedure for the PKP group was similar to
that of the PVP group, with the only difference being the
use of an expandable balloon to restore vertebral height be-
fore cement injection. Under the C-arm guidance, the bal-
loon was inflated within the fractured vertebra to facilitate
realignment. Once the vertebral height was restored, the
balloon was deflated and removed. In the next step, the

fractured vertebra underwent incremental injection of bone
cement, following the same procedure as in the PVP group.
The injection was stopped upon observing satisfactory ce-
ment dispersion or in the event of leakage. After waiting
for 1-2 minutes, the insertion rod was rotated and removed.
The gauze was used at the puncture site to control bleeding,
and the area was disinfected and dressed, completing the
procedure.

Upon discharge, patients in both groups were advised
to wear orthotic devices for one month to prevent falls,
continue osteoporosis treatment, and schedule outpatient
follow-ups at 1, 3, 6, and 12 months after operation. In
this study, continuous treatment of osteoporosis for post-
operative patients included drug therapy (such as calcium
supplements, vitamin D supplements, bisphosphonates, and
calcitonin, with the choice and dosage adjusted to individ-
ual conditions and medical advice) and lifestyle interven-
tion. These interventions included increasing physical ex-
ercise, such as weight-bearing exercises like walking and
jogging to enhance bone strength, improving dietary habits
with a focus on calcium-rich foods, vitamin D and protein-
rich foods such as dairy, fish, soy products, as well as quit-
ting smoking and limiting alcohol.

Furthermore, to improve postoperative follow-up, refine-
ment of some examinations and indicators was needed. For
example, regular bone mineral density tests were conducted
to evaluate the efficacy of osteoporosis therapy. Further-
more, imaging examinations such as X-rays, CT, or MRI
were performed to monitor vertebral healing, bone cement
position, and observe any new fractures. Additionally, lum-
bar spinal function assessment (such as measurement of
lumbar range of motion and muscle strength testing), pain
assessment (like inquiries about the specific location, na-
ture, and frequency of pain), and quality of life assessments
(using relevant approaches such as the SF-36 questionnaire)
were included. Laboratory investigations (such as blood
calcium, phosphorus, and alkaline phosphatase levels to ex-
amine bone metabolism) and cardiovascular health assess-
ments (such as electrocardiograms and blood pressure tests,
considering the association between osteoporosis and car-
diovascular diseases) may also be included.

Observational Indexes and Assessment Criteria

(1) We collected general patient data including age, sex,
body mass index (BMI), smoking and drinking habits, frac-
ture location, OTLICS score, and the time from injury to
surgery.

(2) We compared perioperative conditions between groups,
including the duration of the procedure, volume of cement,
blood loss, frequency of fluoroscopy, and length of hospital
stay.

(3) The vertebral anterior height and Cobb angle before and
one day following the operation were compared. Vertebral
height was measured using the Distortion-Compensated
Roentgen Analysis (DCRA) method, which involves taking
measurements from four vertebral morphological reference
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Fig. 1. Schematic diagram measuring the anterior edge height and Cobb angle of the vertebral body. The blue line represents the
anterior edge height of the vertebral body, and the a angle is the Cobb angle. The blue line represents the anterior edge height of the

vertebral body. The o angle is the Cobb anglewhich is formed by the lines (yellow lines) extending from the upper and lower edges of

the vertebral body.

points of the adjacent intervertebral disc to determine ver-
tebral body height. The anterior height represents the ver-
tical distance from the mid-sagittal plane of the vertebral
body [15]. The Cobb angle is calculated from lateral X-ray
images by measuring the angle formed by lines extending
from the upper and lower vertebral edges of the vertebrae
at the location of the kyphotic deformity (The specific mea-
surement method is shown in Fig. 1) [16].

(4) Lumbear spinal function in both groups before surgery
and at the 12-month post-operative mark was assessed for
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comparison. Spinal function recovery was determined us-
ing the Japanese Orthopaedic Association (JOA) score,
which measures subjective symptoms, clinical signs, lim-
itation in daily activities, and bladder function [17]. The
first 3 categories were scored between 9 and 14, with higher
scores indicating better recovery. The bladder function was
scored from —6 to 0, reflecting the level of functional recov-
ery.

(5) Pain levels of the individuals were compared before
surgery, as well as 1 day and 12 months after the operation.
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Inclusion: (1) Age > 60 yrs; (2) T-score of bone mineral density at L1 - L4 < -2.5 (detected by dual-energy X-ray absorptiometry); (3) Minor trauma
history (e.g., twisting or falling), with localized chest/lumbar back pain within 2 weeks and no neurological symptoms; @) X-ray/CT/MRI showed a
single vertebral compression fracture affecting the upper third of the thoracolumbar spine (T11 - L2) without posterior wall rupture; (5) OTLICS > 4; ©
Underwent unilateral PVP/PKP surgery under local anesthesia; (7) Follow-up period > 12 months with complete pre- and post-operative imaging data.

[ PVP n=277 ]

[ PKP n=382 ]

Exclusion: (1) Long-term corticosteroid use causing
secondary osteoporosis; (2) MRI showing old vertebral
fractures or intervertebral disc changes; (3) Vertebral
fractures causing nerve root or spinal cord injury; 4) Non-
compliance during follow-up or missing data; (5)
Pathological fractures caused by bone tumors or infections.

[ PVP n=132 ] [ PKP n=136 ]
| |
[ Propensity score 1:1 match ]
| |
[ PVP n=72 ] [ PKP n=72 ]
|
[ Data collection ]

[ Comparative analysis of curative effect ]

[ Discussion and conclusion ]

Fig. 2. A flow chart of the study design. CT, computed tomographic; MRI, magnetic resonance imaging; OTLICS, Osteoporotic

Thoracolumbar Injury Classification and Severity Score; PVP, percutaneous vertebroplasty; PKP, percutaneous kyphoplasty.

Pain severity during rest and activity was examined using
the Visual Analogue Scale (VAS) [18], which ranges from 0
to 10, with higher scores indicating greater subjective pain
levels.

(6) Surgical complications, such as cement leakage, nerve
injury, and pulmonary embolism, were recorded and com-
pared between the two groups at 12 months of follow-up.
(7) The rate of recurrent fractures (refracture at the surgical
site) within 12 months post-surgery was compared between
the two groups.

(8) Imaging from typical cases was assessed before and af-
ter PVP and PKP surgeries.

Statistical Analysis

Statistical analysis was performed using the SPSS 25.0
(IBM Corp., Armonk, NY, USA). Continuous data were
presented as mean + standard deviation (Z + s) and checked
for normal distribution. For normally distributed continu-
ous data between groups, a comparison was done utilizing
the independent samples 7-test. Repeated measures anal-

ysis of variance was employed to compare normally dis-
tributed data collected at various time points within groups,
followed by post-hoc Least Significant Difference-t (LSD-
t) test. Categorical data (n, %) were compared using the
chi-squared test. Statistical significance was achieved at p
< 0.05.

To reduce selection bias between the two groups, propen-
sity score matching (PSM) [19] was employed. Covariates
such as age, gender, BMI, smoking history, drinking his-
tory, fracture site, OTLICS, and time from injury to surgery
were used for 1:1 matching, with a caliper value set at 0.1.
Statistical significance was considered at a p-value less than
0.05. The flowchart of this study is depicted in Fig. 2.

Results
General Data before and after Matching

The baseline characteristics of the patients pre- and post-
PSM are shown in Table 1. Before PSM, there were sig-
nificant differences in age, BMI, and time from injury to
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Table 1. Comparison of baseline characteristics pre- and post-PSM between groups.

Before PSM After PSM
Characters t/x> P t/x> )4
PVP (132)  PKP (136) PVP (72) PKP (72)
Age (years) 7128 £ 7.53 69.49 £8.42 -3.371 0.023 70.24 £ 7.81 70.44 £ 8.54 —0.153 0.879
Sex (n, %) 0.248 0.618 0.041 0.839
Male 24 (18.18)  28(20.59) 15(20.83)  16(22.22)
Female 108 (81.82) 108 (79.41) 57(79.17) 56 (77.78)
BMI (kg/m?) 21.74 £2.60 22.56 £2.79 -2.569 0.045 21.72 +2.59 22.07 £2.59 -0.804 0.423
Smoking (n, %) 0.496 0.481 0.036  0.849
yes 36 (27.27) 32(23.53) 19 (26.39) 18 (25.00)
no 96 (72.73) 104 (76.47) 53 (73.61) 54 (75.00)
Drinking (n, %) 0.084 0.772 0.039  0.843
yes 31(23.48) 34 (25.00) 16 (22.22) 17 (23.61)
no 101 (76.52) 102 (75.00) 56 (77.78) 55 (76.39)
Fracture site (n, %) 0.504 0918 0.280 0.964
T11 13 (9.85) 12 (8.82) 5(6.94) 6(8.33)
T12 44 (33.33) 49 (36.03) 25(34.72) 27 (37.50)
L1 48 (36.36) 45 (33.09) 26 (36.11) 24 (33.33)
L2 27(20.45) 30 (22.06) 16 (22.22) 15 (20.83)
OTLICS (points) 4.67+£047 474+043 0.822 0.584 4.69+0.60 4.63+0.52 0.747 0.456

Interval between injury and surgery (days) 3.61 +1.44 3.03+£1.72 2.528 0.046 3.54+1.78 3.10+£1.59 1577 0.117

PSM, propensity score matching; BMI, body mass index; OTLICS, Osteoporotic Thoracolumbar Injury Classification and Severity Score;
PVP, percutaneous vertebroplasty; PKP, percutaneous kyphoplasty.

Perioperative conditions
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Fig. 3. Comparison of the perioperative conditions between the two groups. *** p < 0.001; ns, the difference was not significant;
PVP, percutaneous vertebroplasty; PKP, percutancous kyphoplasty.
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Table 2. Comparison of vertebral body anterior-edge height and the Cobb angle (Z = s).

. Height of the anterior edge (mm) Cobb angle (°)
Experimental Group (n)
Before After Before After
PVP (72) 11.67 + 1.64 17.63 £ 2.16* 14.56 4+ 4.03 9.82 £ 2.64*
PKP (72) 11.60 £ 1.48  21.49 £2.20* 1539 +3.81  7.79 £2.39*
t 0.266 -10.627 -1.274 4.826
P 0.790 <0.001 0.205 <0.001

* Signifies remarkable change following treatment in contrast to before the treatment. PVP, per-

cutaneous vertebroplasty; PKP, percutaneous kyphoplasty.

Table 3. Comparison of lumbar spine mobility between the two groups (z £ s).

Subjective symptoms

Clinical signs

Experimental Group (n)

Before After Before After
PVP (72) 446 £ 1.51 5.92 4+ 1.52* 2.86 +0.74 3.47 + 0.96*
PKP (72) 432+£148  7.01 +£1.38* 2.74£0.73 4.01 £0.93*
t 0.557 —4.541 1.021 —3.438
p 0.578 <0.001 0.309 0.001

Extent of restricted mobility

Experimental Group (n)

Bladder function

Before After Before After
PVP (72) 9.06 £124 1025+133* -261£086 -2.07=+0.66*
PKP (72) 899+125 1142+£123* -276+1.00 —1.71 +0.59*
t 0.334 —5.465 0.981 —3.465
P 0.739 <0.001 0.328 0.001

* Signifies remarkable change following treatment in contrast to before the treatment. PVP,

percutaneous vertebroplasty; PKP, percutaneous kyphoplasty.

surgery (p < 0.05). However, after PSM, 72 pairs were
successfully matched, and no substantial differences were
found in the general data between groups (p > 0.05).

Perioperative Comparisons

Fig. 3 shows the results of surgical duration, intraoperative
blood loss, X-ray fluoroscopy frequency, amount of bone
cement, and length of hospital stay for both patient groups.
The duration of surgery (32.56 4+ 4.81 vs. 26.44 + 3.49),
intraoperative blood loss (18.63 4 2.80 vs. 15.21 + 2.62),
X-ray fluoroscopy frequency (24.01 + 2.50 vs. 21.00 £
2.92), and amount of cement (5.51 £ 1.44 vs. 3.68 + 1.14)
were substantially higher in the PKP group than in the PVP
group (p < 0.05). However, there was no considerable dif-
ference in the length of hospital stay between groups (1.53
+ 0.58 vs. 1.46 £ 0.63, p > 0.05).

Comparison of Vertebral Height and Cobb Angle

Before surgery, there were no significant variations be-
tween groups regarding the vertebral anterior height and
Cobb angle of the injured vertebrae. Conversely, a sub-
stantial decrease in Cobb angle and a significant increase
in vertebral anterior height were observed in both groups
one-day post-surgery mark, with the PKP group indicating
a substantially greater improvement than the PVP group (p
< 0.05, Table 2).

Comparison of Lumbar Spinal Function

The JOA scores for the two groups were found to be sim-
ilar before surgery. However, at the 12-month follow-up
post-surgery, both groups showed a substantial increase in
JOA scores, with the PKP group demonstrating signifi-
cantly higher scores (p < 0.05) compared to the PVP group
(Table 3).

Comparison of Pain Levels

Both groups exhibited substantially reduced VAS scores
at 1 day and 12 months post-operation compared to pre-
surgery. There were no significant differences in VAS
scores between groups 1 day after operation. However, at
12 months post-operation, the VAS score for the PKP group
was considerably lower than that of the PVP group (p <
0.05, Fig. 4).

Comparison of Complication Rates

The PVP group had 9 cases of cement leakage, 2 cases of
pulmonary embolism, and 3 cases of nerve injury, result-
ing in a complication rate of 19.44%. Conversely, the PKP
group had 2 cases of cement leakage and 2 cases of nerve
injury, leading to a substantially lower complication rate of
5.56% compared to the PVP group (p < 0.05, Table 4).
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Fig. 4. Comparison of VAS scores between the two groups. ** p < 0.01; ns, no significance; PVP, percutaneous vertebroplasty; PKP,

percutaneous kyphoplasty; VAS, Visual Analogue Scale.

Table 4. Incidence of adverse reactions [n (%)].

Experimental Group (n)  Cement extravasation

Nerve injury

Pulmonary embolism  Overall incidence

PVP (72) 9 (12.50)
PKP (72) 2(2.78)
X2

p

3(4.17)
2(2.78)

2(2.78) 14 (19.44)

0 (0.00) 4(5.56)
6.349
0.012

Table 5. Comparison of fracture recurrence rate between the
two groups.

Experimental Group (n)  Recurrence rate (%)

PVP (72) 12 (16.67)
PKP (72) 4 (5.56)
x> 4.500

P 0.034

Comparison of Fracture Recurrence Rates

The fracture recurrence rate at 1 year after operation was
16.67% for the PVP group and 5.56% for the PKP group,
indicating a significant variation between groups (p < 0.05,
Table 5).

Image Features Analysis before and after Surgery

Patient A, a 68-year-old female who underwent PVP, suf-
fered from lumbar back pain and limited mobility for 2
days due to accidental fall. Patient B, a 74-year-old female
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who underwent PKP, experienced chest and back pain with
restricted mobility for 3 days due to accidental twisting.
The X-ray examination results of the two patients before
surgery, 1 day after operation, and 12 months after opera-
tion are shown in Fig. 5.

Discussion

OVCEF can adversely impact the stability and biomechani-
cal strength of the spinal vertebral bodies. OVCF patients
often experience increased stress on the anterior edge of the
vertebral body, leading to spinal curvature, vertebral defor-
mity, and intense pain, which can significantly affect their
daily lives [20, 21]. Older individuals are more vulnerable
to OVCEF, and with the accelerating aging process in our
country, the incidence of this condition is rising [22]. Tradi-
tional conservative treatments for OVCF often involve pro-
longed bed rest and carry a high risk of disease recurrence,
failing to meet practical clinical needs.
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Fig. 5. The preoperative, 1-day postoperative, and 1-year postoperative statuses of representative cases who underwent PVP and
PKP treatments (patient A: (A—F); patient B: (G-L)). (A,B) Preoperative anteroposterior and lateral X-rays show the presence of a
T12 vertebral compression fracture. (C,D) X-rays obtained 1 day after surgery demonstrate well-healed fracture, satisfactory position
of bone cement, absence of loosening or displacement, and no evidence of minor cement leakage. (E,F) CT images at 12 months post-
surgery illustrate well-healed fracture, satisfactory position of bone cement, absence of loosening or displacement, and no evidence of
minor cement leakage. (G,H) Preoperative X-rays show the presence of an L1 vertebral compression fracture. (I,J) X-rays obtained
1 day after surgery reveal well-healed fracture, satisfactory position of bone cement, absence of loosening or displacement, and no
evidence of cement leakage. (K,L) X-rays at 12 months post-surgery depict well-healed fracture, satisfactory position of bone cement,
absence of loosening or displacement, no evidence of cement leakage, and minimal change in the vertebral body as opposed to the 1-day
postoperative images. The vertebral body indicated by the yellow arrow is the vertebral body of fracture and bone cement injection.

Minimally invasive spine surgery has advanced rapidly,
leading to the widespread adoption of techniques like PKP
and PVP for treating OVCF. PKP and PVP surgeries are
known for their minimal trauma, reduced intraoperative
blood loss, and aim to enhance joint strength through bone
cement injection, which can improve joint function [23, 24].
In this retrospective study, we observed significant differ-
ences in patient characteristics, such as age, BMI, and time
from injury to surgery, before using PSM. PSM was utilized
to minimize bias associated with patient characteristic, suc-
cessfully matching 72 pairs of patients and resulting in no
substantial differences in baseline characteristics between
groups.

Furthermore, perioperative outcomes revealed that the PKP
group had substantially longer surgical durations, elevated
intraoperative blood loss, and more frequent X-ray fluo-
roscopy compared to the PVP group. These results indicate
that the PKP procedure involves a higher level of radiation
exposure and requires a longer period in the prone surgical
position, which potentially increases the perioperative risk
for patients. However, it could enhance the overall surgical

outcome [25]. The higher risk in the PKP group may be
attributed to the additional balloon expansion step, which
requires repeated X-ray confirmation and poses a potential
risk of vascular and tissue injuries due to balloon inflation.
For single-segment fresh OVCFs, injuries typically affect
the anterior part of the vertebral body. Loss of vertebral
height can lead to kyphotic deformity of the spine [26].
Additionally, increased Cobb angle and changes in spinal
biomechanics can change the force distribution on the in-
jured vertebra, resulting in decreased force on the posterior
column structure and exacerbating the biomechanical load
on the anterior part. This worsening condition may increase
the risk of kyphotic deformity, additional fractures in the in-
jured vertebra, and compression fractures in adjacent seg-
ments [27].

In our study, both surgical methods substantially improved
vertebral anterior height and Cobb angle, with the PKP
group demonstrating superior results compared to the PVP
group. These observations indicate that PKP surgery is
more effective in restoring vertebral height and improv-
ing spinal posture. PVP enhances stability by injecting
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bone cement into the affected vertebra, which integrates
closely with surrounding bone tissue and aligns with the
normal bone trabecular elastic model. However, injecting
bone cement during PVP may cause vertebral volume com-
pression, resulting in elevated intra-vertebral pressure and
a higher risk of bone cement leakage, which can lead to ab-
normal biomechanical changes in the lumbar spine and dis-
rupt stress balance among various segments after surgery
[28], potentially exacerbating pain in the injured vertebra.
PKP, an advanced form of PVP, retains simplicity and low
invasiveness while further compressing the cancellous bone
around the cavity to form a natural barrier against cement
leakage. This mechanism makes PKP more effective in pro-
moting vertebral height recovery and enhancing vertebral
stability [29].

Our study indicated that both surgical techniques substan-
tially improved JOA scores and VAS at 1 day and 12 months
after surgery, suggesting that both procedures effectively
stabilized vertebrae through bone cement injection, increas-
ing vertebral strength, and rapidly alleviating lumbar back
pain, consistent with previous research [30]. Nevertheless,
compared to the PVP group, the PKP group had a signif-
icantly higher JOA score at the 12-month follow-up, indi-
cating PKP’s ability in vertebral stability and functional re-
covery.

Furthermore, both groups showed substantial improvement
in pain levels after surgery. Nonetheless, the PKP group
exhibited lower VAS scores at 12 months post-operation,
demonstrating better pain relief. Complications were an im-
portant concern in our findings [31]. We observed a signifi-
cant decrease in cement leakage and nerve injury in the PKP
group compared to the PVP group. This reduction could be
attributed to the greater precision in cement injection during
PKP surgery, where balloon expansion forms a more con-
trolled vertebral cavity, reducing the risk of leakage [32]. In
PKP surgery, a cavity is formed by inserting and inflating
a balloon before cement injection. This helps better control
cement distribution, reducing the risk of leakage as the doc-
tor can inject it more precisely into the predetermined area.
In contrast, PVP surgery involves direct cement injection,
making its distribution difficult to control due to the inter-
nal structure and pressure of the vertebral body, which in-
creases the possibility of leakage. Additionally, balloon ex-
pansion in PKP surgery can partially restore vertebral body
height, providing a better space and pressure environment
for bone cement injection. This process allows for more
even distribution of the cement and improves injection pre-
cision. However, the occurrence of complications rates in
both groups still needs to be carefully monitored and man-
aged in clinical practice. Furthermore, the PKP group ex-
hibited a markedly lower rate of fracture recurrence than
the PVP group, suggesting that PKP surgery provides bet-
ter stability and durability in preventing recurrent fractures.

Previous studies have compared the clinical efficacy of PKP
and PVP. For example, Wang ef al. [33] found that PKP
surgery is more effective in treating OVCF patients, reduc-
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ing the incidence of pain and adverse reactions while pro-
moting the recovery of kyphosis Cobb angle, which aligns
with the results of this study. Additionally, the study by Li
et al. [34] showed a lower incidence of bone cement leak-
age in PKP surgery, which is consistent with our findings.
However, there are some similarities and differences be-
tween our study and previous research. Compared to Zhang
et al. [35], our study further confirmed that PKP improved
lumbar spine function at 12 months postoperatively, which
may be related to the stricter inclusion criteria and more
accurate measurement methods used in this study. Further-
more, we found that the PKP group had better pain relief
at 12 months postoperatively, which differed from Zhang
et al.’s findings [35]. This variation could be due to differ-
ences in the timing and methods used for pain assessment.
The strength of this study is the use of the propensity score
matching (PSM) method, which effectively reduces patient
characteristics bias, making the two groups more compa-
rable. Furthermore, we conducted a detailed analysis of
multiple observational indicators, including surgery-related
indicators, vertebral height and Cobb angle, lumbar spine
function, pain level, complication rate, and fracture recur-
rence rate, to provide more comprehensive information for
clinical decision-making.

This study has some limitations which must be acknowl-
edged. The potential for biases related to information and
recall is introduced by the retrospective design, which is
the primary issue. Furthermore, as a single-center study,
the results may be influenced by local differences and in-
dividual variations. To enhance future studies, we rec-
ommend conducting multicenter, prospective, randomized
controlled trials to validate our results and delve deeper
into related clinical indicators and underlying mechanisms.
Long-term follow-up studies would be helpful to evaluate
the lasting effects of the conditions.

Conclusions

Overall, based on our research findings, PKP surgery
demonstrates better effectiveness than PVP surgery in
restoring vertebral height, improving spinal posture, alle-
viating pain, and lowering the rates of complications and
fracture recurrence. However, it is essential to recognize
that PKP surgery involves longer surgical time and imposes
greater intraoperative trauma. Therefore, clinicians should
carefully assess these factors and make decisions based on
individual patient situations.

Availability of Data and Materials

All experimental data included in this study can be obtained
by contacting the first author if needed.

Author Contributions

DYC designed and performed the research and wrote the
paper; XT designed the research and supervised the re-
port; BZ designed the research and contributed to the anal-



Xian Tao, et al.

ysis; JL provided clinical advice and interpreted data for
the study; PW analyzed the data and supervised the report.
All authors contributed to important editorial changes in
the manuscript. All authors read and approved the final
manuscript. All authors have participated sufficiently in
the work and agreed to be accountable for all aspects of the
work.

Ethics Approval and Consent to Participate

This study followed the Declaration of Helsinki guidelines
and received ethical approval from the Ethics Committee
of Suzhou Hospital of Integrated Traditional Chinese and
Western Medicine (grant number: 2024009). Furthermore,
all study participants provided informed consent.

Acknowledgment
Not applicable.

Funding

This research received no external funding.

Conflict of Interest

The authors declare no conflict of interest.

References

[1] Kutsal FY, Ergin Ergani GO. Vertebral compression
fractures: Still an unpredictable aspect of osteoporosis.
Turkish Journal of Medical Sciences. 2021; 51: 393-399.
[2] Imamudeen N, Basheer A, Igbal AM, Manjila N, Ha-
roon NN, Manjila S. Management of Osteoporosis and
Spinal Fractures: Contemporary Guidelines and Evolving
Paradigms. Clinical Medicine & Research. 2022; 20: 95—
106.

[3] Marchenkova LA, Fesyun AD, Gerasimenko MY. Study
of the psycho-emotional disorders’ severity in patients with
osteoporotic vertebral fractures and factors affecting them.
Voprosy Kurortologii, Fizioterapii, i Lechebnoi Fizicheskoi
Kultury. 2021; 98: 18-28.

[4] ChenZ,XuL, ShiL, Cao H, Nie M. Long-term outcome
of percutaneous vertebroplasty versus conservative treat-
ment for osteoporotic vertebral compression fractures: a
retrospective cohort study with three-year follow-up. Fron-
tiers in Medicine. 2024; 11: 1391243.

[5] Xu H, Yang J, Liu T, He B, Chai X, Hao D. Effective-
ness of unilateral percutaneous vertebroplasty for elderly
osteoporotic vertebral compression fracture by different ap-
proaches with different symptom severity. Zhongguo Xiu
Fu Chong Jian Wai Ke Za Zhi = Zhongguo Xiufu Chongjian
Waike Zazhi = Chinese Journal of Reparative and Recon-
structive Surgery. 2023; 37: 168—173. (In Chinese)

[6] Liu D, Wen T, Li X, Xie Z, Wei M, Wang Y, et al.
Percutaneous Vertebroplasty Versus Balloon Kyphoplasty
in the Treatment of Osteoporotic Vertebral Compression
Fractures: Evaluating the Overlapping Meta-analyses. Pain
Physician. 2024; 27: E383-E394.

[7] Noguchi T, Yamashita K, Kamei R, Machara J. Cur-
rent status and challenges of percutaneous vertebroplasty
(PVP). Japanese Journal of Radiology. 2023; 41: 1-13.

[8] Cavka M, Delimar D, Rezan R, Zigman T, Duric KS,
Cimic M, et al. Complications of Percutaneous Vertebro-
plasty: A Pictorial Review. Medicina (Kaunas, Lithuania).
2023; 59: 1536.

[9] Zhang Y, Liu X, Liu H. Cardiac Perforation Caused
by Cement Embolism after Percutaneous Vertebroplasty:
A Report of Two Cases. Orthopaedic Surgery. 2022; 14:
456-460.

[10] Kim KH, Kuh SU, Chin DK, Jin BH, Kim KS, Yoon
YS, et al. Kyphoplasty versus vertebroplasty: restoration of
vertebral body height and correction of kyphotic deformity
with special attention to the shape of the fractured vertebrae.
Journal of Spinal Disorders & Techniques. 2012; 25: 338—
344.

[11] Cao DH, Gu WB, Zhao HY, Hu JL, Yuan HF. Ad-
vantages of unilateral percutaneous kyphoplasty for osteo-
porotic vertebral compression fractures-a systematic review
and meta-analysis. Archives of Osteoporosis. 2024; 19: 38.
[12] Filippiadis DK, Marcia S, Masala S, Deschamps F,
Kelekis A. Percutaneous Vertebroplasty and Kyphoplasty:
Current Status, New Developments and Old Controversies.
Cardiovascular and Interventional Radiology. 2017; 40:
1815-1823.

[13] Ma JH, Li M, Zhang XQ, Yao X. Modified percu-
taneous kyphoplasty with better cement diffusion and im-
proved biomechanics. Asian Journal of Surgery. 2021; 44:
1546-1548.

[14] Lv N, Feng X, Liu H, Jia X, Han S, Liu M. Study on
the influence of balloon dilation mode on the intravertebral
cleft of osteoporotic fracture. BMC Surgery. 2022; 22:
351.

[15] Pfeiffer M, Geisel T. Analysis of a computer-assisted
technique for measuring the lumbar spine on radiographs:
correlation of two methods. Academic Radiology. 2003;
10: 275-282.

[16] Jin C, Wang S, Yang G, Li E, Liang Z. A Review of
the Methods on Cobb Angle Measurements for Spinal Cur-
vature. Sensors (Basel, Switzerland). 2022; 22: 3258.

[17] Dalitz K, Vitzthum HE. Evaluation of five scoring sys-
tems for cervical spondylogenic myelopathy. The Spine
Journal: Official Journal of the North American Spine So-
ciety. 2019; 19: e41—e46.

[18] Inose H, Kato T, Ichimura S, Nakamura H, Hoshino M,
Takahashi S, et al. Factors Contributing to Residual Low
Back Pain after Osteoporotic Vertebral Fractures. Journal
of Clinical Medicine. 2022; 11: 1566.

[19] Kane LT, Fang T, Galetta MS, Goyal DKC, Nicholson
KJ, Kepler CK, et al. Propensity Score Matching: A Statis-
tical Method. Clinical Spine Surgery. 2020; 33: 120-122.
[20] Benditz A, Jerosch J. Osteoporotic vertebral fractures-
From diagnosis to treatment. Zeitschrift Fur Rheumatolo-
gie. 2023; 82: 18-24. (In German)

[21] Heyde CE, Roth A, Putzier M. Osteoporotic vertebral

857 Ann. Ital. Chir.,, 95,5, 2024



Xian Tao, et al.

body fractures. Orthopadie (Heidelberg, Germany). 2023;
52: 808-817. (In German)

[22] Jackson A, Wasfie T, Brock C, Galovska S, Smalley M,
Grundman K, et al. Fragility Vertebral Compression Frac-
tures in Postmenopausal Women: The Role of a Fracture
Liaison Service Program. The American Surgeon. 2020;
86: 1636-1639.

[23] Prost S, Pesenti S, Fuentes S, Tropiano P, Blondel B.
Treatment of osteoporotic vertebral fractures. Orthopaedics
& Traumatology, Surgery & Research: OTSR. 2021; 107:
102779.

[24] Li T, Pang S, England R, Gong A, Botros D, Manupi-
patpong S, et al. Clinical Outcomes and Safety Compari-
son of Vertebroplasty, Balloon Kyphoplasty, and Vertebral
Implant for Treatment of Vertebral Compression Fractures.
AJNR. American Journal of Neuroradiology. 2023; 44:
1345-1351.

[25] Wang H, Sribastav SS, Ye F, Yang C, Wang J, Liu H, et
al. Comparison of Percutaneous Vertebroplasty and Bal-
loon Kyphoplasty for the Treatment of Single Level Verte-
bral Compression Fractures: A Meta-analysis of the Liter-
ature. Pain Physician. 2015; 18: 209-222.

[26] Wang F, Tong T, Miao DC, Wang LF, Shen Y. Clinical
correlation between osteoporotic thoracolumbar vertebral
compression fractures and lumbar spondylolisthesis. Inter-
national Orthopaedics. 2022; 46: 1095-1100.

[27] Chongyan W, Zhang X, Li S, Liu J, Shan Z, Wang
J, et al. Mechanism of formation of intravertebral clefts in
osteoporotic vertebral compression fractures: An in vitro
biomechanical study. The Spine Journal: Official Journal
of the North American Spine Society. 2018; 18: 2297—
2301.

[28] Zhang K, She J, Zhu Y, Wang W, Li E, Ma D. Risk fac-
tors of postoperative bone cement leakage on osteoporotic
vertebral compression fracture: a retrospective study. Jour-
nal of Orthopaedic Surgery and Research. 2021; 16: 183.
[29] Wen Z, Mo X, Zhao S, Lin W, Chen Z, Huang Z, et
al. Comparison of Percutaneous Kyphoplasty and Pedicle
Screw Fixation for Treatment of Thoracolumbar Severe Os-
teoporotic Vertebral Compression Fracture with Kyphosis.
World Neurosurgery. 2021; 152: ¢589-e596.

[30] Zhang Y, Shi L, Tang P, Zhang L. Comparison of the
Efficacy Between Two Micro-Operative Therapies of Old
Patients With Osteoporotic Vertebral Compression Frac-
ture: A Network Meta-Analysis. Journal of Cellular Bio-
chemistry. 2017; 118: 3205-3212.

[31] Wang LJ, Yang HL, Shi YX, Jiang WM, Chen L.
Pulmonary cement embolism associated with percutaneous
vertebroplasty or kyphoplasty: a systematic review. Or-
thopaedic Surgery. 2012; 4: 182—-189.

[32] Rose LD, Bateman G, Ahmed A. Clinical significance
of cement leakage in kyphoplasty and vertebroplasty: a sys-
tematic review. European Spine Journal: Official Publica-
tion of the European Spine Society, the European Spinal
Deformity Society, and the European Section of the Cervi-
cal Spine Research Society. 2024; 33: 1484-1489.

858 Ann. Ital. Chir., 95,5, 2024

[33] Wang W, Liu Y, Wan H, Zeng L, Peng Z, Yang D, et
al. Effectiveness and prognostic factors of different min-
imally invasive surgeries for vertebral compression frac-
tures. BMC Musculoskeletal Disorders. 2023; 24: 11.

[34] Li H, Tang Y, Liu Z, Yang H, Zhang Z, Zhang K, et
al. The comparison of percutaneous kyphoplasty and verte-
broplasty for the management of stage III Kummell disease
without neurological symptoms. BMC Surgery. 2022; 22:
319.

[35] Zhang B, Li T, Wang Z. Efficacy and complications of
different surgical modalities of treating osteoporotic spinal
compression fracture in the elderly. American Journal of
Translational Research. 2022; 14: 364-372.

© 2024 The Author(s). This is an open access

article under the CC BY 4.0 license.

Publisher’s Note: Annali Italiani di Chirurgia stays neu-
tral with regard to jurisdictional claims in published maps
and institutional affiliations.


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	Introduction
	Materials and Methods
	Patient Information
	Surgical Approaches
	Observational Indexes and Assessment Criteria
	Statistical Analysis

	Results
	General Data before and after Matching
	Perioperative Comparisons
	Comparison of Vertebral Height and Cobb Angle
	Comparison of Lumbar Spinal Function
	Comparison of Pain Levels
	Comparison of Complication Rates
	Comparison of Fracture Recurrence Rates
	Image Features Analysis before and after Surgery

	Discussion
	Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	References

