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Abstract

Objective This study analyzes the safety and efficacy of percutaneous vertebroplasty (PVP) and percutaneous
kyphoplasty (PKP) treatments for Stage Ill Kummell's disease without neurological symptoms, comparing the
advantages and disadvantages of these two minimally invasive surgical methods.

Methods A retrospective analysis was conducted on 53 patients with non-neurological Stage Il Kummell's disease
treated with PVP and PKP at our hospital from December 2018 to January 2023. Patients were divided into PVP (25
cases) and PKP (28 cases) groups based on the surgical method. There were no significant differences in general
preoperative data between the two groups (all p>0.05), ensuring comparability. The study compared surgical
duration, volume of bone cement injected, distribution pattern of bone cement, rate of bone cement leakage,

and preoperative, postoperative, and final follow-up scores of Visual analogue scale(VAS) and Oswestry disability
index(ODI). Additionally, relative anterior height of the injured vertebrae, and Cobb angle of deformity, along with
their changes at preoperative, postoperative, and final follow-up stages were calculated and analyzed.

Results No significant preoperative differences were observed between the groups (p > 0.05). The PKP group had
longer surgeries, higher cement volumes (p <0.001), and lower leakage rates (p < 0.05), with primarily chunky cement
distributions versus mixed distributions in the PVP group. No complications other than cement leakage occurred.
VAS and ODI scores showed no significant changes at various time points (p >0.05) but improved significantly from
preoperative (p <0.001). Both groups saw improved vertebral heights and Cobb angles post-surgery (p <0.05), with
more significant improvements in the PKP group (p < 0.05). Over time, both groups experienced gradual vertebral
height loss and increased Cobb angles, more pronounced in the PKP group (p < 0.05). At the final follow-up, there
were no statistical differences in vertebral height and Cobb angle between the two groups (p > 0.05).
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Conclusion The study evaluates the safety and efficacy of PVP and PKP for Stage Il Kummell's disease without
neurological symptoms, comparing the merits of both minimally invasive techniques.

Keywords Kummell’s disease, Osteoporotic vertebral compression fracture, Percutaneous vertebroplasty,

Percutaneous kyphoplasty

Introduction

With the continuous advancements in modern medicine,
clinicians’ understanding of Kummell’s disease(KD) has
significantly deepened. In the context of an aging popu-
lation, both the diagnosis and incidence rates of KD are
progressively increasing. KD is characterized by delayed
vertebral collapse and progressive kyphosis follow-
ing minor trauma [1], typically a sequel to osteoporotic
vertebral compression fractures (OVCEF) in the elderly,
predominantly affecting the high-stress thoracolumbar
region, usually involving a single vertebral segment [2, 3].
According to Li et al,, KD is classified into three stages
based on imaging and symptoms: Stage I involves less
than 20% vertebral height loss with back pain but no neu-
rological symptoms; Stage II exceeds 20% loss, primarily
presenting with back pain; Stage III includes posterior
vertebral cortex rupture, possibly with or without spinal
compression, manifesting as back pain or neurological
damage [4].

Regarding the treatment of KD, most scholars advise
against conservative methods, favoring surgical inter-
ventions instead [5, 6]. KD patients are predominantly
elderly, and minimally invasive surgeries that minimize
trauma and expedite recovery are deemed ideal. Previ-
ous studies have shown that PVP and PKP achieve favor-
able clinical outcomes for Stage I and II KD patients [6].
However, for Stage III Kummell’s disease without neuro-
logical deficits, there is significant controversy regarding
whether PVP and PKP surgeries can restore vertebral
stability, the safety of these procedures given posterior
vertebral rupture, and which surgical approach is more
suitable for patients with Stage III KD without neuro-
logical impairment. To address this, we conducted a
retrospective analysis of the safety and efficacy of PVP
and PKP in treating Stage III KD without neurological
symptoms, comparing the advantages and disadvantages
of these minimally invasive techniques to inform clinical
practice.

Methods

Patient selection

Patients treated with PKP or PVP surgery for Stage III
KD without neurological impairment from December
2018 to January 2023 at the First Clinical Medical College
of Three Gorges University were selected as subjects for
this study. This study was approved by the hospital’s eth-
ics committee, with the approval number: 2023-209-01.
Inclusion Criteria: (1) Diagnosis of Stage III Kummell’s

disease based on clinical symptoms and imaging findings:
In the CT images, an intervertebral cleft (IVC) is pres-
ent, showing a fracture at the posterior edge of the verte-
bra. In MRI, there is low signal intensity on T1-weighted
images, while on T2-weighted images, the cleft filled
with gas or fluid exhibits either low or high signal inten-
sity; (2) Bone density meeting the diagnostic criteria for
osteoporosis as measured by dual-energy X-ray absorp-
tiometry; (3) No symptoms of neurological impairment;
(4) Involvement of only one responsible vertebra. Exclu-
sion Criteria: (1) Patients with pathological vertebral
fractures, spinal metastases, spinal tuberculosis, or other
severe internal diseases; (2) Patients with severe cardio-
pulmonary dysfunction, coagulation disorders, or psychi-
atric conditions that would prevent tolerance of surgery;
(3) Patients with a history of spinal surgery; (4) Patients
with incomplete imaging data or lost to follow-up.

Grouping

By applying exclusion and inclusion criteria, patients
with Stage III KD without neurological symptoms were
identified. Some underwent PVP surgery while others
received PKP surgery. Based on the type of surgery, eli-
gible patients were divided into the PKP and PVP groups,
and preoperative and postoperative data were collected
for both groups (Fig. 1).

Surgical methods
The surgeries for both groups were performed by the
same team of doctors, and all were conducted via a uni-
lateral approach.

PKP method: (1) The patient is positioned prone on the
operating table. Using C-arm fluoroscopy, the projection
of the pedicle is located and marked, followed by disin-
fection and draping of the operative area. (2) A small inci-
sion of about 0.4 cm is made at the marked point under
local anesthesia with 2% lidocaine. Under fluoroscopic
guidance, a pedicle needle is inserted into the vertebral
body to establish a working channel. 3.After successfully
establishing the working channel, a balloon catheter was
used to enter the injured vertebral intravertebral vacuum
cleft (IVC) along the channel. The balloon pressure was
maintained below 15 atm, using the balloon’s expan-
sion to restore vertebral height to satisfaction and cre-
ate a cavity for bone cement injection. The bone cement
(polymethylmethacrylate cement) was prepared and,
when it reached a stringy state, slowly injected into the
vertebra under C-arm fluoroscopy using a 3.5 mm bone
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Patients with stage Il KD without neurologic
impairment undergoing surgical treatment with
PKP or PVP procedure
(December 2018 to January 2023)

Exclusion
Criteria

Inclusion
Criteria

53 patients with stage IIl KD without neurologic
dysfunction were included

PVP

PKP group(28 patients), PVP group (25 patients)
Collecting preoperative information

follow up

Access to postoperative information
Organize data for statistical analysis

Fig. 1 Flowchart of study design

cement injector until the IVC was filled. After the bone
cement had slightly set, the injection tube was removed,
the puncture needle was withdrawn, the area was disin-
fected with iodophor, and the wound was dressed and
bandaged.

PVP method: Similar to the PKP procedure but lack-
ing the balloon expansion of the vertebra. After estab-
lishing the bone cement injection channel, the cement is
injected directly until the entire vertebral fissure is filled.
Once the bone cement has slightly set, the injection tube
is withdrawn, the puncture needle is removed, the area is
disinfected with iodophor, and the wound is dressed and
bandaged.

Postoperative treatment

Postoperative treatment measures were identical for both
groups. Patients were required to lie supine for 4-6 h
immediately after surgery and wear lumbar support for
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appropriate mobility the day following surgery. For 1-2
months postoperatively, strict adherence to wearing lum-
bar support for ground activities was enforced, along
with long-term regular treatment for osteoporosis after
discharge. Since our hospital includes only Vitamin D,
calcium carbonate, and bisphosphonates in the social
medical insurance for osteoporosis treatment, the post-
operative osteoporosis treatment plan was the same for
both groups. Patients regularly used medications such as
Vitamin D, calcium carbonate, and bisphosphonates for
osteoporosis management.

Observational indicators

Clinical Efficacy Indicators: (1) VAS scores is used to
assess the degree of pain in the lumbar/back or thoracic/
back regions before surgery, one day post-surgery, and at
the last follow-up. A score of 0 indicates no pain, while 10
represents the most severe pain. Scores of 0—3 are rated
as excellent; 4—6 as good; and 7-10 as poor. ODI scores
measures the severity of functional impairment before
surgery, one day post-surgery, and at the last follow-
up, with higher scores indicating more severe disability
[7, 8]. (2) Surgical duration, (3) Volume of bone cement
injected. (4) Distribution patterns of bone cement,
including cluster type (clustered distribution within the
vertebra with smooth edges), sponge type (uniformly
diffused throughout the vertebra resembling a sponge),
and mixed type (distribution between cluster and sponge
types). (5) Rate of bone cement leakage.

Radiological Indicators: (1) Relative anterior height
of the vertebra: Anterior height of the affected vertebra
relative to the average height of the vertebrae above and
below it, expressed as a percentage, measured on stand-
ing X-rays before surgery, one day post-surgery, and at
the last follow-up [9]; (2) Cobb angle of the affected ver-
tebra on standing X-ray before surgery, one day post-
surgery, and at the last follow-up [9]( Fig. 2). To reduce
measurement errors, each patient’s measurements are
independently taken by two experienced spine surgeons
and then averaged.

Statistical methods

Data analysis was conducted using SPSS software, ver-
sion 25.0. For quantitative data, the Shapiro-Wilk (SW)
test was first used to assess normality. If data were nor-
mally distributed (p>0.05), they were presented as
meantstandard deviation and compared using indepen-
dent sample t-tests. If data were not normally distributed
(p<0.05), they were expressed as median (interquartile
range) and compared using non-parametric rank-sum
tests. Categorical data were expressed as percentages and
analyzed using chi-square tests and Fisher’s exact test. A
p-value of <0.05 was considered statistically significant.
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Fig. 2 a: Anterior height of the vertebra above the injured vertebra. b: Anterior height of the injured vertebra. c: Anterior height of the vertebra below
the injured vertebra; Cobb's angle: Cobb's angle in the sagittal plane of the injured vertebra (°)

Table 1 General preoperative information

Table 2 Improvements in VAS score and ODI score

Variable PVP Group PKP Group pValue Variable PVP Group PKP Group  t/x? p Value
Number of patients 25 28 VAS scores
Age, mean+SD 748+88 73.5+9.1 0611 Preoperative 6.0+1.1 58+1.2 0.703 0.485
Sex, number 0.933 Postoperative 24+08° 24+0.7° 0.013 0.989
Male 6 (24%) 7(25%) Final follow-up ~ 2.1£06 2.0+06° 0252 0802
Female 19(76%) 21(75%) ODlI scores (%)
BMI 225+18 234420 0.098 Preoperative 689+58 678+7.1 0.635 0.528
Responsible segment, number 0.696 Postoperative 30.0+5.7° 296+5.1° 0315  0.754
T7 0 1 Final follow-up ~ 29.0£42°  274%36™ 1577  0.121
T8 3 1 a: p<0.001(comparison with preoperative); b: p>0.05(comparison with
T9 P 5 postoperative); c: p<0.001 (comparison of final follow-up with preoperative)
T10 1 0
i 2 2 elderly females. Vertebral injuries were mostly concen-
2 0 10 trated in the thoracolumbar region, with an average dis-
L > / ease duration of about 4 months. The two groups showed
L2 2 3 comparability in terms of age, gender, injured segment,
L3 0 2 follow-up duration, bone mineral density (BMD), body
L4 1 0 . . .
Course of disease (months) 41414 42413 0.801 mass index .(BN.H.), preoperative VAS SCOFe, ijeop? ra.twe
Follow-up (months), mean£SD 23756 a1 ea4 0736 Oswestry Disability Index (ODI), and radiological indica-
' tors (all p>0.05, detailed in Tables 1 and 2, and 3).
BMD (T value) -29+0.5 -28+04 0.506
Clinical effect
Results All patients safely underwent surgery without serious

Preoperative general data

A total of 53 patients were included based on the afore-
mentioned criteria, with 25 in the PVP group and 28 in
the PKP group. Both groups were followed up for an aver-
age of approximately 2 years, predominantly comprising

complications such as nerve damage or acute pulmonary
embolism. The duration of surgery and the volume of
bone cement injected were significantly less in the PVP
group than in the PKP group (p<0.05). The distribution
of bone cement was predominantly mixed in the PVP
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(p<0.05). The leakage rate of bone cement was 40% in

Variable PVPGroup  PKPGroup  t/x’/z pValue  the PVP group, including one case where the cement
Relative height of the anterior edge of the injured vertebra (%) leaked into the spinal canal, while it was 10.7% in the PKP
Preoperative 5504208 60.8+180 -1084 0283 group. There were no clinical symptoms in either group,
Postoperative ~ 650+1749  765+18.2¢ 23430023 and the leakage rate was lower in the PKP group (p<0.05)
Final foHow-uE 633+166°7  723+176°T 1910 0062 (Table 4). The VAS scores both one day post-operatively
Impfvemem 100(60-143)  135(93-208) 2054 0.040 and at the final follow-up were significantly reduced from
Loss 2001.0-20) ~ 40(20°5.0 3825 <0001 preoperative scores within both groups (p<0.001), with
Cobb's angle in the sagittal plane of the injured vertebra (°) little change in scores from the first day post-operatively
E;iiss;arg;je fg';ijgd J?Zf;'i § g'iij g‘éii to the final follow-up (p>0.05). There were no significant
Final follow-up 16i8i8.18f 13:8i6:36f 1:51] 0:137 sFatistical differences in VAS scores between the groups
mprovement’  47G.1-67)  66(43-96) 56 0004 either before surgery, one day after, or at t.he ‘last follow-
Increase® 095067 5484198 330 <0001 up (p>0.05). Both PVP and PKP showed significant ther-

d:  P<0.05(comparison
postoperative);

f: P<0.05(comparison of final follow-up with preoperative); #:(Improvement
preoperatively compared to postoperatively); &: (Loss of relative height or
increase in cobb angle of the injured vertebrae at the last follow-up compared

to the postoperative period)

Table 4 Compare the two groups in terms of surgical time, bone
cement injection volume, bone cement leakage rate, and the

distribution of bone cement

with  preoperative);

e:P>0.05(comparison  with

apeutic effects in improving VAS scores, but there was
no significant difference in efficacy between the groups.
Similar changes were observed in the ODI scores as well
(Table 2; Fig. 3).

Radiological outcomes

Both groups showed improvement in the relative height
of the anterior edge of the injured vertebra(%) and the
sagittal Cobb angle one day post-surgery and at the last

Variable PVP PVP t/x? p follow-up compared to pre-surgery (p<0.05). Over time,
Group Group Value there was a trend of gradual loss in vertebral height and
Surgical time (min) 480482 546+100 -2616 0012 an increase in Cobb angle. Post-surgery, improvements
Bone cementInjection  27+07  35+08  -3805 <0.001 in vertebral height and Cobb angle were more significant
Volume(ml) in the PKP group compared to the PVP group (p<0.05).
Bone Cement Distribu- 6.915 0.035 . . .
_ However, the loss of vertebral height and increase in
fion Shape Cobb angle at the last follo ere also more pro
Agglomerated type(case) 7(28.0%)  18(64.3%) N ange a ¢ as w-up were a ore p
: nounced in the PKP group compared to the PVP group
Mixed type(case) 14(56.0%) 8(28.6%) L .. .
Abona (p<0.001). No significant statistical differences were
pongiotype(case) 4(16.0%)  2(7.1%) . . R .
B found between the groups in the relative anterior height
one cement leakage 6.119 0013 . .
Yes(case) 1040%)  3(10.7%) and sagittal Cobb angle of the injured vertebra pre-sur-
Nol(case) 1560%)  25(893%) gery and at the last follow-up (p>0.05) (Table 3; Fig. 4).

group (56%) and clumped in the PKP group (64.3%), with
significant differences in distribution between the groups

VAS scores

Case presentation
Both PKP and PVP surgeries effectively improved the
vertebral height and local Cobb angle of the injured
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Fig. 3 Groups A and B represent the preoperative, postoperative, and final follow-up VAS and ODI scores for the two groups of patients (ns: no statistical

difference. **: p<0.001)
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mPVP Group =PKP Group
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Fig.4 A and B represent the relative anterior height of the vertebra and the displaced Cobb angle before surgery, after surgery, and at the final follow-up

(ns: no significant statistical difference, *: p <0.05)

vertebra. PKP showed a more significant early correction
capability compared to PVDP, but an increase in the Cobb
angle at the final follow-up was also more pronounced
compared to PVP (Figs. 5 and 6). In the PVP group, there
was one instance of bone cement leakage into the spi-
nal canal, although no neurological symptoms occurred
(Fig. 7).

Discussion

The clinical pathogenesis and etiology of KD remain
unclear, thus many terms are used clinically, such as
unhealed vertebral compression fractures, spinal pseu-
doarthrosis, delayed bone necrosis, post-fracture ver-
tebral collapse, and intravertebral vacuum cleft (IVC)
signs. The widely accepted mechanism involves isch-
emic necrosis of the vertebral body following trauma
[10, 11]. Previous studies have shown that KD pre-
dominantly affects elderly women, with injuries mainly
located in the thoracolumbar region [6], consistent
with the findings of this study. Diagnosis primar-
ily relies on radiological signs, and Ranjan et al. [12].
found that only a minority of cases have a typical his-
tory of KD. The intravertebral vacuum cleft (IVC),
appearing as a non-radiopaque shadow in horizontal,
linear, or crescent shapes, which is more prominently
seen in anteroposterior views, this is considered a
characteristic radiological feature of KD. CT is more
sensitive to air in the IVC, while MRI is more sensi-
tive to fluid; overall, MRI is the most effective tool for
diagnosing IVC signs [13, 14]. The unknown mecha-
nisms of the disease and the lack of detailed clinical
classification, particularly for type III KD with pos-
terior vertebral edge fractures, continue to make the
treatment of stage III KD controversial. Some studies
suggest that due to the susceptibility of vertebral pos-
terior wall collapse and fracture during PVP and PKP
surgeries, open surgery with internal fixation is pre-
ferred [15]. However, a meta-analysis by Lu et al. [16].
comparing the clinical efficacy of PKP alone and com-
bined with short segment internal fixation for stage III

KD without neurological damage found no significant
difference in treatment outcomes or cement leakage
rates. Given that KD patients are typically older and
often suffer from severe osteoporosis and other under-
lying conditions, open surgeries pose a higher risk due
to longer operation times, more bleeding, and longer
bed rest, with the possibility of needing a second sur-
gery due to loosening of internal fixations. Therefore,
minimally invasive surgical treatments like PVP and
PKP, which involve shorter operation times, less bleed-
ing, and shorter bed rest, may be the preferred treat-
ment for stage III KD without neurological damage.
This study found that both PVP and PKP surgeries
effectively alleviated patients’ pain symptoms, signifi-
cantly reducing the VAS scores for lumbar and back
pain and the Oswestry Disability Index (ODI) scores
compared to pre-surgery, with no significant statisti-
cal differences between the groups at any time points.
This may be attributed to the stabilization of the frac-
tured vertebra by the bone cement, which prevents
abnormal movement due to intravertebral pseudoar-
throsis or microfractures, restores vertebral height,
improves spinal kyphosis, and alters intravertebral
pressure [6, 16]. However, some patients still experi-
enced residual lower back pain post-surgery, possibly
related to surrounding soft tissue damage and incom-
plete correction of the kyphotic deformity. The PKP
surgery took longer than the PVP surgery, mainly due
to the additional step of balloon expansion, which
is the biggest difference between the two methods.
Our study observed that the average volume of bone
cement injected in the PVP group was 2.7+0.7 ml,
which was less than the 3.5+£0.8 ml in the PKP group
(p<0.05), related to the increased space created by
the balloon expansion within the vertebra. How-
ever, research shows that the volume of bone cement
injected does not significantly correlate with symptom
relief; injecting as little as 1.5 ml of bone cement can
achieve satisfactory clinical outcomes, and excessive
cement injection increases the risk of cement leakage,
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Fig. 5 A 70-year-old female patient. Images A-C show preoperative MRI TTWI, MRIT2WI, and CT scans revealing gas-fluid levels in the T11 vertebra and
a posterior vertebral fracture, diagnosed as Stage Ill Kummell's disease without neurological injury. The patient underwent PVP surgery. Images D-F are
lateral X-rays of the injured vertebra before surgery, one day post-surgery, and at the last follow-up, showing improvements in vertebral height and Cobb
angle compared to pre-surgery. Although there was bone cement leakage, no clinical symptoms were exhibited

adjacent vertebral fractures, and subsequent vertebral
collapse [17]. Therefore, it is unnecessary to overly
focus on the volume of bone cement injected in clini-
cal practice. Additionally, we have observed that for
some patients with vertebral compression fractures,
relieving pain was possible through vertebral biopsy
without bone cement injection, suggesting that alter-
ing intravertebral pressure may play a role, though fur-
ther research is needed to confirm these findings. In
this study, differences were observed in the distribu-
tion of bone cement between the PKP and PVP groups.
The PKP group primarily had a clustered distribution
(64.3%), while the PVP group primarily had a mixed
distribution (56%). This may be due to the presence
of dense bone around the KD vertebral fissures, with
some cement flowing through the gaps in the dense

bone into the more porous bone, thus resulting in a
mixed distribution for PVP. In contrast, PKP surgery
involves balloon expansion, which compresses the sur-
rounding porous bone, leading to poorer dispersion of
the bone cement and a predominantly clustered distri-
bution, as also noted in previous studies [17].

There were no postoperative complications other
than cement leakage in the two groups of patients in
this study, and none of the patients with cement leak-
age in either group developed clinical symptoms.
Many studies have shown that balloon expansion in
PKP compresses the surrounding porous bone, fur-
ther sealing the fracture and thus reducing the rate
of cement leakage compared to PVP [18, 19], a find-
ing also noted in this study with leakage rates of 40%
in PVP and 10.7% in PKP with PKP significantly lower
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Fig. 6 A 65-year-old female patient. Images A-C show preoperative MRI T2WI, MRIT1WI, and CT scans revealing gas-fluid levels in the T12 vertebra, with
a fracture at the posterior edge of the vertebra but no neurological symptoms, diagnosed as Stage Ill Kummell's disease without neurological injury.
The patient underwent PKP surgery. Images D-F are lateral X-rays of the injured vertebra before surgery, one day post-surgery, and at the last follow-up,
showing significantimprovements in vertebral height and Cobb angle compared to pre-surgery. However, the Cobb angle increased at the last follow-up

compared to immediately post-surgery

than PVP (p<0.05). Cement leakage remains a chal-
lenge in both PVP and PKP, potentially leading to
catastrophic outcomes, especially in Stage III KD with
posterior vertebral fractures, where the risk of cement
leaking into the spinal canal significantly increases.
This study noted one case of cement leakage into the
spinal canal during PVP surgery, fortunately without
severe clinical symptoms (Fig. 7), leading some schol-
ars to advocate for open surgery in Stage III KD [15].
To reduce the rate of cement leakage, many new tech-
niques such as mesh sacs, staggered cement injection,
and graded cement modulation have emerged [20-22].
Reducing leakage rates is a crucial direction for the
future development of PVP and PKP. This study indi-
cates that PKP has a lower cement leakage rate and
higher safety compared to PVP. However, Dai and

Chang [17, 23], in a retrospective and a prospective
study respectively, found no significant differences in
cement leakage rates between PKP and PVP in treat-
ing asymptomatic KD, possibly because their cases pri-
marily involved Stage I and II KD, which have a lower
risk of cement leakage, and had a smaller sample size.
No statistical differences were observed between PKP
and PVP leakage rates, and this study also suffers from
a small sample size, necessitating further large-scale
research.

In terms of correcting spinal kyphotic deformities
and restoring vertebral height, both the PKP and PVP
groups showed significant improvements compared to
preoperative conditions (p<0.05), as reported in most
previous studies [20, 23, 24]. However, we found that
the immediate postoperative correction (1 day after
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Fig. 7 A 65-year-old female patient with Stage Ill Kummell's disease (images A-C). After undergoing PVP surgery, bone cement leaked into the spinal

canal, but it did not cause any corresponding clinical symptoms (images D-F)

surgery) was more pronounced in the PKP group, but
the long-term corrective effects (at the final follow-
up) were similar between both groups without sig-
nificant statistical differences (p>0.05). Over time,
both PKP and PVP gradually lost their corrective
effects, with PKP showing greater loss (p<0.05), pos-
sibly related to the distribution of bone cement. In the
PKP group, the cement predominantly had a clustered
distribution, which as Gao [25] and others in a study
of 841 cases have noted, uneven cement distribution
increases stress on surrounding spongy bone, caus-
ing instability at the cement-bone interface, leading to
shifts in the cement and resulting in the loss of ver-
tebral height and increased local Cobb angle. Clini-
cally, scraping off the hardened bone surfaces within
vertebral fissures to increase cement dispersion and
reduce the shift-induced height loss may help, but fur-
ther research is needed to confirm the efficacy of such

procedures. Although there was a slight loss of verte-
bral height in both groups during the study, no statis-
tically significant differences were observed between
the vertebral heights at the last follow-up and post-
surgery (p>0.05). Throughout the follow-up period,
both PKP and PVP maintained vertebral stability to a
certain extent. Furthermore, we believe that for elderly
patients, the emphasis should not be overly placed on
achieving perfect orthopedic outcomes. Instead, focus
should be on relieving clinical symptoms of pain and
functional impairment, as well as on the safety of the
surgery. Overall, for Stage III Kummell’s disease with-
out neurological symptoms, both PKP and PVP have
achieved good clinical outcomes, with comparable
efficacy, minimal trauma, and quick recovery, making
them preferred surgical options for elderly patients.
PKP, although more expensive, has a lower rate of
cement leakage and is safer than PVP. We emphasize
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that both efficacy and safety are crucial, particularly
the safety of surgeries in elderly patients, recommend-
ing PKP if economically feasible.

Nevertheless, this study has limitations, including
its retrospective nature and small sample size, which
might introduce bias. To validate our findings, further
large-scale, multicenter, randomized controlled tri-
als are necessary. Additionally, as follow-up duration
extends, differences in long-term corrective outcomes
between the groups may emerge, necessitating further
follow-up studies.

Conclusions

According to the results of this study, both PVP and PKP
achieved good clinical outcomes and safety for Stage
III Kummell’s disease without neurological symptoms.
There was little difference in the clinical efficacy between
the two methods. However, PKP had a lower rate of bone
cement leakage and higher safety compared to PVP.
Therefore, if economic conditions allow, PKP is recom-
mended for patients.
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