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Abstract: Purpose: To explore the efficacy and complications of different surgical modalities in the treatment of 
osteoporotic spinal compression fractures (OSCFs) in the elderly. Methods: This retrospective study included 98 
elderly patients with OSCFs who received surgical treatment in the Changsha Hospital of Traditional Chinese Medi-
cine from March 2018 to July 2020. Based on different surgical treatments, the patients were divided into a percu-
taneous kyphoplasty (PKP) group (n=51) and a percutaneous vertebroplasty (PVP) group (n=47). The intraoperative 
blood loss, operation time, the amount of bone cement per vertebral body, length of hospitalization, and fracture 
healing time were recorded and compared between the two groups. The original anterior wall height and middle 
height of the compressed fractured vertebra were then evaluated and compared at 3 time points, namely before op-
eration, 2 days after operation, and 6 months after operation. Pain, spinal function improvement and Cobb’s angle 
were evaluated and compared between the two cohorts of patients before operation and 3 months after operation. 
Adverse reactions and bone cement permeability were recorded and compared between the two groups. Patients’ 
quality of life quality was evaluated using the 36-Item Short-Form Health Survey (SF-36) before treatment and 12 
months after treatment. Treatment satisfaction was evaluated. Results: Intraoperative blood loss, the average use 
of bone cement per vertebral body and length of hospitalization were similar between the groups (P>0.05). How-
ever, the PKP group had significantly longer operation time and fracture healing time than the PVP group (P<0.05). 
Vertebral 3D volume, as well as anterior wall and middle vertebra heights increased significantly at 6 months after 
surgery in both groups (all P<0.05). In addition, anterior wall and middle vertebra heights increased more in the 
PVP group than in the PKP group. The Visual Analogue Scale (VAS) and Oswesrty Disability Index (ODI) scores, as 
well as Cobb’s angle decreased in both groups at 3 months after treatment (all P<0.05). The Cobb’s angle and VAS 
score of the PVP group showed more significant reductions (all P<0.05). The PKP group had a higher incidence of 
adverse reactions and bone cement leakage rate than the PVP group (all P<0.05). However, no distinct difference 
was determined between the two groups in terms of patients’ quality of life at 12 months after surgery. Treatment 
satisfaction was significantly higher in the PVP group than the PKP group. Conclusion: For the treatment of senile 
OSCFs, both PVP and PKP have the advantages of little trauma and quick recovery. PVP has an edge over PKP with 
significantly shorter operation time, lower possibility of bone cement venous leakage and adjacent cone fracture, 
and higher surgical safety.
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Introduction

In elderly patients, osteoporosis is more pre- 
valent than any other disease, due to drug 
intake, possibly unhealthy living habits, and an 
inevitable decrease in bone density with age 
[1]. Osteoporosis can easily cause compres-
sion and deformation of the vertebral body, 
spine flexion, muscle spasm, and fatigue, which 

brings severe pain to patients and can easily 
lead to compression fracture under external 
forces [2, 3]. Elderly patients with osteoporotic 
spinal compression fractures (OSCFs) should 
choose a treatment plan with minimal trauma, 
short operation time, and high safety. However, 
traditional conservative treatment and surgery 
will inevitably bring some adverse effects to 
patients, such as not enough pain relief, long 
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and grinding treatment, as well as complica-
tions like pressure sores, pneumonia, and uri-
nary tract infections, which will predispose 
patients to secondary injury, severely lowering 
their quality of life [4]. With aging of the popula-
tion, the incidence of OSCFs among the elderly 
is increasing constantly [5]. Therefore, how to 
better treat elderly patients with OSCFs has 
important clinical significance.

At present, surgical treatment is mostly con-
ducted among OSCFs patients in clinical prac-
tice to reasonably fix the fracture and promote 
rehabilitation. However, treatment effect varies 
when different clinical treatments are adopted 
[6], among which percutaneous vertebroplasty 
(PVP) and percutanous kyphoplasty (PKP) are 
the most commonly used in the treatment of 
OSCFs, pyramidal hemangioma or lymphoma, 
and palliative treatment of thoracolumbar trau-
matic fractures [7, 8]. PVP was first reported by 
Galibert in 1987 for the treatment of hemangi-
oma [9]. It has been gradually accepted by doc-
tors and patients because of minimal trauma 
and rapid effect, and for senile OSCFs by virtue 
of its rapid analgesic effect. PKP is also a new 
minimally invasive spinal surgery technology 
developed rapidly in recent decades. It can 
directly inject bone cement and other fillers into 
the lesional site to enhance the hardness and 
stability of the vertebral body [10].

This study aimed to seek the most reasonable 
method for the treatment of elderly patients 
with OSCF by performing PVP or PKP respec-
tively, and further verify the clinical value of PVP 
by comparing multiple indexes with PKP.

Materials and methods

Clinical materials

We retrospectively included 98 elderly patients 
with OSCFs who came to the Changsha Hospital 
of Traditional Chinese Medicine for surgical 
treatment from March 2018 to July 2020. 
Among them, 58 were female patients and 40 
were male with an average age of (70.22±8.53) 
years old and an average course of disease of 
(4.81±2.23) days. Patients were divided into a 
PKP group (n=51) and PVP group (n=47 cases) 
according to different surgical treatment plans. 
Inclusion criteria: Diagnosis of OSCF by bone 
mineral density measurement; Age ≥55 years 
old; Tolerance of surgery; No obvious spinal 
cord injury or nerve compression. Exclusion cri-

teria: Spinal cord and nerve injury; Severe 
organ dysfunction; Comminuted spinal frac-
ture; Those who refused surgical treatment. All 
patients provided written informed consent to 
participate. This experiment was approved by 
the Changsha Hospital of Traditional Chinese 
Medicine ethics committee (201811) and was 
conducted in accordance with the Declaration 
of Helsinki.

Surgical methods

(1) After admission, all elderly patients with 
OSCFs were first treated with conventional 
treatments, including anti-inflammatory and 
analgesic therapy, to ensure that patients had 
adequate rest and pain relief. X-ray and MRI 
examinations were performed according to sur-
gical needs to determine the size of the 
patient’s pedicle and the prescribed position. 
We then observed the patient’s posterior verte-
bral body wall and analyzed the results after 
completion. In the context of understanding the 
underlying diseases, corresponding therapeu-
tic interventions were carried out to evaluate 
the surgical tolerance of elderly patients.

(2) PKP group: The patient was placed in the 
prone position with the abdomen free ventrally. 
Routine disinfection was performed and the 
affected vertebrae were covered with a towel 
with the aid of a C-arm X-ray machine. Following 
local anesthesia, two core puncture needles 
were inserted into the vertebral body through 
percutaneous bilateral punctures in the direc-
tion of 15°-20° to the sagittal plane of the 
human body, and the position of the puncture 
needle was adjusted so that it was located in 
the posterior wall of the vertebral body and did 
not exceed the inner edge of the pedicle. 
Subsequently, we removed the inner core and 
inserted the vertebral body clockwise to drill to 
the anterior 1/3 of the vertebral body. the ver-
tebral body drill was removed and an inflated 
balloon was placed. The contrast agent was 
then injected into the balloon and stopped 
when the balloon pressure was stable or the 
vertebral body was well repositioned. After the 
completion of both sides, bone cement and 
water were prepared in a ratio 2:1 and slowly 
injected into the vertebral body to fill the cavity. 
After the bone cement hardened, the puncture 
needles were unscrewed and the wound was 
sutured. Routine anti-infective care was given 
to patients after operation.
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(3) PVP group: The patient was placed in the 
prone position with the abdomen free ventrally. 
After routine disinfection, the affected verte-
brae were covered with a towel with the aid of a 
C-arm X-ray machine. After local anesthesia, 
one cored puncture needle was inserted into 
the vertebral body through a unilateral pedicle 
approach in the direction of 15°-20° to the  
sagittal plane of the human body, and the posi-
tion of the puncture needle was adjusted so 
that it was located in the front 1/3 of the verte-
bral body. Subsequently, we removed the inner 
core, and injected a small amount of contrast 
agent. While it was evenly distributed in the ver-
tebral body with no rapid drainage of the venous 
plexus, bone cement mixed with water at a ratio 
of 2:1 was slowly injected it into the vertebral 
body until it reached the posterior wall. After 
the bone cement hardened, the puncture nee-
dles were unscrewed, and the wound was 
closed. Postoperatively, patients were treated 
with routine anti-infective care.

After the operation, both groups of patients 
were required to lie supine for 24 hours. They 
were encouraged to get out of bed and walk 
appropriately and were given uniform calcium 
for anti-osteoporosis treatment.

Outcome measures

(1) The intraoperative blood loss, operation 
time, and the bone cement amount used per 
vertebral body were recorded and compared 
between the two groups. (2) Hospitalization 
time and fracture healing time were compared. 
(3) The original anterior wall height A, middle 
height M, and posterior wall height P of the 
compressed fracture vertebra were evaluated 
and compared using X-ray at 3 time points 
(before operation, 2 days after operation, and  
6 months after operation). First, the anterior 
wall height a0, middle height m0, and posterior 
wall height p0 of the lateral X-ray VCF verte- 
bral body were measured, then the correspond-
ing parts of the upper vertebral body anterior 
wall height a1, intermediate height m1, and 
posterior wall height p1, lower vertebral body 
anterior wall height a2, intermediate height m2 
and posterior wall height p2 were measured. 
Compression fracture vertebral body original 
anterior wall height A=(a1+a2)/2, the middle 
height M=(m1+m2)/2, the rear wall height 
P=(p1+p2)/2. (4) The changes in low back pain 
before and 3 months after surgery were as- 

sessed using the Visual Analogue Scale (VAS) 
[11]. On a scale of 0 (no pain) to 10 points (most 
severe pain), a higher score indicates more 
severe pain. (5) The improvement of patients’ 
spinal function after 3 months of operation was 
evaluated by the Oswestry Disability Index (ODI) 
[12]. Each item is scored from 0 to 5, with 0 
indicating normal functional activities, and 5 
indicating the most severe limitation of func-
tional activities. (6) Three Cobb’s angles were 
evaluated before and after surgery for analysis. 
(7) The evaluation of patients’ life quality before 
and 12 months after treatment employed the 
36-Item Short-Form Health Survey (SF-36) [13]. 
SF-36 includes 8 domains of physiological 
function, role physical, social function, bodily 
pain, vitality, mental health, role emotion and 
general health. Physiological function, physical 
role, bodily pain and general health are convert-
ed into a physical component summary (PCS) 
score, while vitality, social function, emotional 
function, and mental health are converted into 
a mental component summary score (MCS), 
with a 50-point average. PCS score or MCS 
score less than 50 points means that physical 
or mental health is below average. (8) The com-
plications of patients in both groups were 
recorded and compared, including adjacent 
vertebral fractures, lung infections, sacrococ-
cygeal bedsores, and lower limb venous throm-
bosis. (9) All patients underwent spinal X-ray 
and CT examination 24 hours after surgery, and 
the same attending physician in the radiology 
department was asked to evaluate the bone 
cement leakage (covering intervertebral disc 
leakage, venous leakage, paravertebral leak-
age, and intraspinal leakage). (10) Patients’ 
satisfaction with the treatment was divided into 
very satisfied, satisfied, and dissatisfied, and 
was compared between the two groups after 
treatment. Treatment satisfaction = (very satis-
fied + satisfied) cases/total number of cases × 
100%.

Statistical methods

The SPSS 19.0 statistical software was used to 
statistically analyze the results. Counted data 
(n [%]) was analyzed using the χ2 test. For mea-
sured data expressed as mean ± standard 
deviation, the comparison between groups was 
performed by independent t test and that 
before and after treatment within a group was 
carried out by paired t test. The post-hoc test 
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was performed by the LSD test. P<0.05 indi-
cated that a difference was significant.

Results

Comparative general information 

The two groups of patients (58 females and 40 
males) were comparable in terms of general 
data as gender, disease course, and age. (All 
P>0.05). See Table 1.

Comparative intraoperative blood loss, opera-
tion time, and amount of bone cement per 
vertebral body

There was no significant difference in intraop-
erative blood loss between the two groups 

after surgery were greater than those before 
surgery (P<0.05). In comparison with the PKP 
group, the anterior wall and middle vertebra 
heights were higher in the PVP group (P<0.05). 
See Figure 1.

Comparison of VAS score, ODI score, and 
Cobb’s angle before and after surgery

Compared to those before treatment, VAS, ODI, 
and Cobb’s angle decreased significantly in 
both groups after treatment (all P<0.05). Inter-
group comparison revealed that, the Cobb’s 
angle and VAS score of the PVP group decreased 
more compared to the PKP group (all P<0.05), 
while no significant difference was observed in 
the ODI score between the two groups (P>0.05). 
See Figure 2.

Table 1. General information

Factor PKP Group 
(n=51)

PVP Group 
(n=47) t/X2 P

Gender 0.237 0.626
    Male 22 (43.14) 18 (38.30)
    Female 29 (56.86) 29 (61.70)
Age (years old) 0.009 0.926
    ≥.9 31 (60.78) 29 (61.70)
    <70 20 (39.22) 18 (38.30)
BMI (kg/m2) 22.42±1.03 22.69±1.08 1.267 0.208
Course of disease (d) 4.79±2.26 4.83±2.19 0.088 0.929
Smoking history 0.113 0.737
    YES 20 (39.22) 20 (42.55)
    NO 31 (60.78) 27 (57.45)
Underlying disease 0.618 0.734
    Hypertension 18 (35.29) 17 (36.17)
    Diabetes 20 (39.22) 21 (44.68)
    Hyperlipidemia 13 (25.49) 9 (19.15)
Fracture site 0.009 0.926
    Lumbar spine 31 (60.78) 29 (61,70)
    Thoracic vertebrae 20 (39.22) 18 (38.30)
Cone compression 0.894 0.640
    Mild 15 (29.41) 14 (29.79)
    Moderate 20 (39.22)  22 (46.81)
    Severe 16 (31.37) 11 (23.40)

Table 2. Comparison of surgery-related conditions between groups

Factors PKP Group 
(n=51)

PVP Group 
(n=47) t P

Intraoperative blood loss (ml) 9.76±1.23 9.42±1.21 1.378 0.172
Operation time (min) 28.06±3.11 17.34±1.22 22.11 <0.001
Cone cement dosage (ml) 3.57±0.78 3.84±0.81 1.681 0.096

(P>0.05). The operation time 
was longer in the PKP group 
compared to the PVP group 
(P<0.05). PVP group used 
more bone cement per verte-
bral body than PKP group, but 
the difference was statistical-
ly insignificant (P>0.05). See 
Table 2.

Comparison of hospitaliza-
tion time and fracture healing 
time

The hospitalization time and 
fracture healing time of the 
PKP group were 22.56±1.27 
days and 8.01±1.78 weeks 
respectively, while those of 
the PVP group were 22.38± 
1.24 days and 6.32±1.23 
weeks respectively. There was 
no difference in the hospital-
ization time (all P>0.05). How- 
ever, there was a statistically 
significant difference in the 
fracture healing time between 
the two groups (P<0.05), with 
shorter duration in the PVP 
group. See Table 3.

Comparison of vertebral body 
height before and after op-
eration

In both groups, the anterior 
wall and middle vertebra he- 
ights at 3 days and 6 months 
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Comparison of complications

After treatment, the number of patients in the 
PKP group with advere effects of adjacent ver-
tebral fractures, pulmonary infections, sacro-
coccygeal bedsores, and lower extremity ven- 
ous thrombosis were 7, 2, 1 and 1 respectively 
with a complication rate of 21.57%. The num-
ber of patients with these adverse effects in 
the PVP group were 1, 1, 1, and 0, respectively, 
with a complication rate of 6.38%. The inci-
dence of complications was lower in the PKP 
group compared to the PVP group (P<0.05). 
See Table 4.

Comparison of bone cement leakage

The PKP group had a higher postoperative 
bone cement venous leakage rate than the PVP 
group (P<0.05). No notable difference was 
found in intervertebral disc leakage and para-
vertebral leakage rates between the two groups 
(P>0.05). Neither group had leakage of bone 
cement in the spinal canal. See Table 5.

Osteoporosis is a common disease among the 
middle-aged and elderly, especially in females. 
Statistics show that about 54% of menopausal 
women suffer from abnormal bone mineral 
density, and the odds of developing vertebral 
fractures over 50 years old is about 32% [14]. 
Senile osteoporosis is mainly treated with inter-
nal medicine. However, for patients who have 
been diagnosed with spinal fractures, the pain 
relief is insufficient, the treatment cycle is long, 
accompanied by possible complications. There- 
fore, patients with such fractures are often 
treated by surgery, which can not only relieve 
pain in a timely and effective manner, but also 
reduce complications and improve the quality 
of life [15, 16].

PVP and PKP are commonly used clinical surgi-
cal modalities in treating elderly OSCFs with 
high surgical safety and good postoperative 
pain relief, from which patients can obtain 
restored vertebral body function and improve 
mobility [17]. In this study, 98 elderly patients 
with OSCFs were assigned to two groups (PKP 

Table 3. Comparison of hospitalization time and fracture healing 
time between groups

Factor PKP Group 
(n=51)

PVP Group 
(n=47) t P

Hospitalization time (days) 22.56±1.27 22.38±1.24 0.709 0.481
Fracture healing time (weeks) 8.01±1.78 6.32±1.23 5.423 <0.001

Figure 1. Comparison of the height of the vertebral body before and after 
surgery. A: Anterior wall height of the vertebral body; B: Middle wall height of 
the vertebral body. *P<0.05 (paired t test).

Comparative quality of life 
before and after surgery

There was no significant dif-
ference in PCS and MCS sco- 
res between the two groups 
before treatment (P>0.05). 
Twelve months after treat-
ment, PCS and MCS scores 
increased in both groups, but 
with no significant difference 
between them (P>0.05). See 
Figure 3.

Comparative treatment satis-
faction

The number of patients who 
were very satisfied, satisfied, 
and dissatisfied with the tre- 
atment was 21, 20, and 10, 
respectively in the PKP gro- 
up, and was 27, 18, and 2 
respectively in the PVP gro- 
up. Data above suggested a 
significantly higher treatment 
satisfaction in the PVP group 
compared with the PKP group 
(95.74% vs 80.39%, P<0.05). 
See Table 6.

Discussion
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and PVP based on different surgical modalities) 
for clinical effect comparison. First, we com-
pared the basic operation conditions of two 
groups of patients. The results revealed that 
the operation time of the PKP group was signifi-
cantly longer than that of the PVP group, while 
no marked difference was found in intraopera-
tive blood loss and bone cement volume 

with OSCFs. Evidence [21] has also pointed out 
that PVP treatment had a significant analgesic 
effect on spinal compression fractures. It is 
believed that the sensory nerve endings in the 
diseased vertebrae and surrounding tissues 
were destroyed by the thermal effect of bone 
cement and this could also play an analgesic 
effect, which could explain the significant 

Figure 2. Comparison of VAS, 
ODI scores, and Cobb’s angle 
between groups before and after 
surgery. A: Comparison of the VAS 
score before and after surgery; 
B: Comparison of the ODI score 
before and after surgery; C: Com-
parison of the Cobb’s angle be-
fore and after surgery. *P<0.05 
(paired t test).

Table 4. Comparison of adverse reactions between groups [n, (%)]

Adverse reaction PKP Group 
(n=51)

PVP Group 
(n=47) X2 P

Adjacent vertebral fracture 7 (13.73) 1 (2.13) 4.388 0.036
Pulmonary infections 2 (3.92) 1 (2.13) 0.265 0.607
Sacrococcygeal bedsore 1 (1.96) 1 (2.13) 0.003 0.954
Venous Thrombosis of Lower Extremity 1 (1.96) 0 - -
Complication rate 11 (21.57) 3 (6.38) 4.606 0.032

between the two groups. 
PVP is a surgery in which 
bone cement is percutane-
ously injected into the af- 
fected vertebrae through 
pedicle approach under the 
guidance of the imaging sy- 
stem, which is mainly used 
in clinical practice for pa- 
tients with large trabecular 
bone space, complete pos-
terior wall of vertebral body, 
mild kyphosis of fractured 
vertebral body, and less 
than 75% of vertebral body 
compression. During PVP, 
attention should be paid to 
prevent the bone cement 
leakage [18]. PKP, on the 
other hand, relies upon 
implanting an expander or 
balloon into the affected 
vertebrae, which is mainly 
used for patients with an 
intact posterior wall of the 
vertebral body and severe 
kyphosis of a fractured ver-
tebral body in clinical prac-
tice [19]. For OSCFs, the 
ideal goal is to restore the 
stiffness of the fractured 
spine, enhance the streng- 
th of the vertebral body, 
and reduce patients’ pain 
[20]. Therefore, we com-
pared the post-treatment 
cone height, as well as VAS 
and ODI scores, and the 
results showed an overall 
improvement in both gro- 
ups. However, the data in 
the PVP group were superi-
or to the PKP group, sug-
gesting that PVP may be 
more effective in the treat-
ment of elderly patients 
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improvement in the VSA score in patients treat-
ed by PVP. We also compared the time of hospi-
talization and fracture healing. The results indi-
cated that although there was no significant 
difference in hospitalization time, the fracture 
healing time was shorter in the PVP group com-
pared with the PKP group, suggesting that 
patients in the PVP group may have better 
prognoses.

Due to the certain risk of fractures in the osteo-
porotic vertebral body, simply restoring the 
strength of the original vertebral body is not 
sufficient. The ideal state is to raise strength to 
the normal level of the vertebral body, while the 

uid phase after mixing was significantly shorter 
than that of low-viscosity bone cement. It had 
the characteristics of instantaneous high vis-
cosity and low fluidity, which could significantly 
reduce the incidence of bone cement leakage, 
shorten the operation time, relieve patient’s 
unhealthy emotions such as intraoperative ten-
sion, and reduce the occurrence of complica-
tions to a certain extent. Finally, in terms of the 
quality of life of patients, all patients recovered 
well with better conditions, with no significant 
difference between the two groups. The results 
of treatment satisfaction indicated that the 
fracture healing time of the PVP group was 
notably shorter versus the PKP group.

Table 5. Comparison of bone cement leakage between two groups

Factor PKP Group 
(n=51)

PVP Group 
(n=47) X2 P

Venous leakage rate 22 (43.14) 7 (14.89) 9.365 0.002
Intervertebral disc leakage rate 3 (5.88) 2 (4.26) 0.133 0.714
Paravertebral leakage rate 4 (7.84) 2 (4.26) 0.548 0.459

Figure 3. Comparison of life quality between groups before and after surgery. 
A: Comparison of the PCS score; B: Comparison of the MCS score. *P<0.05 
(paired t test).

Table 6. Comparison of treatment satisfaction between groups

Satisfaction PKP Group 
(n=51)

PVP Group 
(n=47) X2 P

Very satisfied 21 (41.18) 27 (57.45) - -

Satisfied 20 (39.22) 18 (38.30) - -
Dissatisfied 10 (19.61) 2 (4.26) - -
Treatment satisfaction 41 (80.39) 45 (95.74) 5.365 0.021

stiffness only needs to be 
restored to the original and 
initial level. This is because 
stiffness exceeding the initial 
level means increased stress 
compared with the adjacent 
osteoporotic vertebral body, 
which will also increase the 
risk of fracture and degenera-
tion [22, 23]. Therefore, we 
then compared the risk of 
adverse reactions between 
the two groups, and results 
identified a significantly high-
er adjacent cone fracture rate 
in the PKP group. It was sh- 
own that PVP treatment con-
tributes to less bone cement 
fluidity entering the spinal 
canal than PKP, which not 
only helps reduce bone ce- 
ment leakage rate, ensure 
vertebral body and spine sta-
bility and protects physiologic 
functions of the lower back, 
but also reduces the pressure 
on the adjacent vertebral 
body, and avoids the occur-
rence of re-fractures [24]. 
Subsequently, we observed  
a statistically lower bone ce- 
ment venous leakage rate in 
the PVP group, suggesting 
that its safety may be better 
than PKP. In addition, PVP sur-
gery uses high-viscosity ce- 
ment. Research [25] indicat- 
es that viscous bone cement 
has special physical and ch- 
emical properties, and its liq-
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In summary, this study indicated that in terms 
of treating elderly patients with OSCFs, both 
PVP and PKP had the advantages of mild trau-
ma and rapid recovery, whereas PVP had an 
edge over PKP with much shorter operation 
time, lower possibility of bone cement leakage 
and adjacent cone fractures, shorter fracture 
healing time, higher treatment satisfaction, 
and higher surgical safety. However, there are 
still some defects in this study. First, there is a 
lack of comparison with other surgical options 
other than PVP and PKP. The small sample size 
may lead to the contingency of experimental 
results. We will further conduct multi-center, 
large-sample studies, and compare the two 
surgical modalities with other surgical plans in 
follow-up studies to screen out the most suit-
able surgical plan for elderly patients with 
OSCFs.
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