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Abstract

Background To analyze and evaluate the clinical outcomes of using high-viscosity bone cement compared to low-viscosity
bone cement in percutaneous vertebroplasty (PVP) for treatment of Kummell’s disease.

Methods From July 2017 to July 2019, 68 Kummell’s disease patients who underwent PVP were chosen and separated into
2 groups: H group (n=34), were treated with high-viscosity bone cement and L group (n=34), treated with low-viscosity
bone cement during treatment. The operation time, number of fluoroscopy tests done, and amount of bone cement perfusion
were recorded for both groups. Clinical outcomes were compared, by measuring their Visual Analog Scale (VAS), Oswestry
Disability Index (ODI), Kyphosis Cobb’s angle, vertebral height compression rate, and other complications.

Results High-viscosity group showed less operation time and reduced number of fluoroscopy tests than the low-viscosity
group (P <0.05). When compared to preoperative period, both groups’ VAS and ODI scores were significantly reduced
at 1 day and 1 year postoperatively (P <0.05). The vertebral height compression rate and Cobb’s angle were significantly
lower (P <0.05) in both groups after surgery compared with those before surgery (P <0.05). The cement leakage rate in
group H was 26.5%, which was significantly lower than that in group L, which was 61.8% (P <0.05).

Conclusions High-viscosity and low-viscosity bone cement in PVP have similar clinical efficacy in reducing pain in patients
during the treatment, but in contrast, high-viscosity bone cement shortens the operative time, reduces number of fluoroscopy
views and vertebral cement leakage and improves surgical safety.

Keywords Kummell’s disease - Vertebroplasty - Bone cement - High-viscosity - Cement leakage - Low-viscosity -
Compression fractures - Pulmonary embolism

Introduction

Osteoporotic vertebral compression fractures are the most
common type of fragility fracture. Most patients experience
gradual symptomatic relief after several weeks of conserva-
tive treatment, however, about one-third of patients still
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experience persistent pain and discomfort, and about 10% of
patients may develop delayed post-traumatic vertebral col-
lapse [1]. The disease was originally described by the Ger-
man surgeon Kummell in 1895 and it is, therefore, known
as Kummell’s disease [2]. Kummell’s disease is character-
ized by asymptomatic or mild symptoms after minor trauma
to the vertebral body, delayed compression fractures over
time, progressive pain and kyphosis. The main pathogen-
esis includes avascular osteonecrosis and pseudo articulation
[3-5]. The most typical imaging manifestation of Kummell’s
disease is intravertebral vacuum cleft (IVC) [3, 6]. In the
later stages, vertebral collapse, vertebral pseudo joint forma-
tion and kyphosis often cause severe intractable back pain,
and some patients even develop spinal cord compression,
which affects the well-being of aged patients [7]. Conserva-
tive treatment of Kummell’s disease is often ineffective and
treatment often needed is surgery [1, 7].
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Percutaneous vertebroplasty (PVP) has been widely used
in the treatment of osteoporotic vertebral compression frac-
tures due to its rapid pain relief, fracture stabilization, partial
recovery of vertebral height and other advantages after its
birth and has achieved remarkable clinical results [8]. PVP
has also been gradually applied to treat Kummell’s disease,
as it is a special type of osteoporotic vertebral compression
fracture [9]. However, because there are often significant
fissures in the vertebral body of Kummell disease [6], bone
cement is prone to leakage along the fractures to the sur-
rounding area during the treatment of bone cement injec-
tion. Ha et al. [10] noted in a comparative study that up to
75% leakage of bone cement can occur after vertebroplasty
in patients with vertebral vacuum fissure sign. Although a
small amount of bone cement leakage does not normally
cause clinical symptoms, it can cause serious complications
such as thermal injury, nerve root and vessel compression,
and pulmonary embolism if it leaks into nerve roots and/or
large blood vessels.

Hence, to effectively avoid or reduce the leakage, bone
cement has become a challenging in the field of research. In
recent years, viscosity has been the key focus to pursue bet-
ter clinical outcomes and fewer complications in PVP/PKP.
Some scholars have reported that the use of high-viscosity
bone cement in PVP can reduce leakage with satisfactory
clinical efficacy [11-14]. However, to our knowledge, there
are no comparative studies on the efficacy of using differ-
ent viscosity bone cement during PVP for Kummell’s dis-
ease, and therefore, the clinical effectiveness of using high-
viscosity bone cement is yet to be studied. For this reason,
we conducted a retrospective study to compare the clinical
efficacy and complication rates of using high-viscosity and
low-viscosity bone cement for the treatment of Kummell’s
disease during PVP.

Materials and Methods
2.1. Patient Details

This retrospective study was approved by the Institutional
Review Board at The Third Hospital of Hebei Medical Uni-
versity, China. During the period from July 2017 to July
2019, a total of 68 patients with Kummell’s disease type I
and II, adopting PVP treatment were included in the pre-
sent study and were divided into H group (n=34) and L
group (n=234). The H group was given high-viscosity bone
cement in the PVP operation, while the L group was given
low-viscosity bone cement in the PVP. Written consent to
participate in the study was obtained from each patient.
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Inclusion Criteria were (a) Medical history >3 months,
with persistent chest and lower back pain; (b) Age > 60 years;
(c) X-ray and CT suggests vertebral compression and frac-
ture, MRI suggests low signal at T1, high signal or mixed
signal at T2; (d) Dual-energy X-ray bone densitometry
T-score < —2.5; (e) Patients with a single vertebral lesion;
(f) Complete clinical data and follow-up information. Exclu-
sion criteria were (a) Kummell’s disease with neurological
symptoms; (b) Vertebral compression fractures due to other
causes such as infection, tumor, etc.; (c) Multiple vertebral
lesions or a history of previous spinal surgery; (d) Severe
comorbidities that preclude surgical treatment; (e) Incom-
plete follow-up information.

Among them, 25 were male and 43 were female, aged
62-87. Fracture sites: T7 1, T8 2, T9 2, T10 4, T11 13,
T1227,L18,L24,1L33,1L42,L5 2. Kummell’s disease is
mostly located in the thoracolumbar segment, with the high-
est incidence in the T12 vertebra (Fig. 1).

There was no obvious history of trauma in 20 cases and
a history of minor sprains or falls in the remaining 46 cases.
There were no statistical differences in age, sex, body mass
index (BMI), bone mineral density (BMD) and vertebral
fracture section between the two groups (Table 1).

Surgical Procedures

The surgery is performed by the same surgeon. Group H was
treated by unilateral PVP with high-viscosity bone cement
perfusion. High-viscosity bone cement consists of polym-
ethyl methacrylate (87.6%), benzoyl peroxide (2.4%), barium
sulfate (10.0%) powder, methyl methacrylate (84.4%), butyl
methacrylate (13.2%), N,N-dimethyl P-toluidine (2.4%), hyd-
roquinone (20 ppm) liquid composition; There is no liquid
phase after the completion of the concoction, the mixture
immediately became the high viscosity, jelly-like, dough
period from the curing period to maintain a long time, with
low polymerization temperature. The manufacturers of PVP
needle and bone cement high-pressure perfusion instruments
used are procured from the Domestic Beijing Bonovo Com-
pany, and high-viscosity bone cement is manufactured by Her-
aeus Medical GmbH, Germany. Treatment procedure starts by
placing the patient in a prone position with both hands fixed
on either side of the head. C-arm X-ray machine fluoroscopy
was used to locate the lesioned vertebral body and mark the
body surface, and the puncture needle was inserted after rou-
tine disinfection and satisfactory local anesthesia. The tip of
the puncture needle is placed in the anterior middle 1/3 of the
diseased vertebral body by fluoroscopic adjustment on a C-arm
X-ray machine. The high-viscosity bone cement was immedi-
ately mixed into a doughy shape and then slowly injected into
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Fig. 1 Distribution of vertebral
segments and cases of Kum- w
mell’s disease

Cases

Table 1 Baseline data of the two groups

Parameters H Group L Group P value
Patient number 34 34
Agelyears 72.03 +7.69 69.85+7.78 0.25
Male/female 14/20 11/23 0.45
BMD, T-score —291+0.44 —-3.12+048 0.15
BMI, kg/m? 22214324 21.24+3.44 0.24
Spinal level of Kummell’s disease
T7-T10 4 5 0.74
T11-L2 28 24 0.47
L3-L5 3 4 1.0

H high-viscosity cement, L low-viscosity cement, BMD bone mineral
density, BMI body mass index

the diseased vertebra with a hydraulic high-pressure infusion
instrument under fluoroscopy. Group L was treated with uni-
lateral PVP with low-viscosity bone cement, and the surgical
instruments and bone cement were produced by Tecres SPA,
Italy. The traditionally used low viscosity bone cement is poly-
methyl methacrylate bone cement (PMMA), which consists
of methyl acrylate—methyl methacrylate polymer 40.58%,
zirconia (33.0%), benzoyl peroxide (0.28%) powder and lig-
uid methyl methacrylate (25.98%), N,N-dimethyl P-toluidine
(0. 56%) composition after the preparation of low viscosity,

dough phase or toothpaste like semi fluidity, dough period
from curing time is short, there are exothermic polymerization,
monomer toxicity. Preoperative positioning, disinfection and
anesthesia were performed initially, and a unilateral arch-root
approach was performed under the fluoroscopic guidance of
a C-arm X-ray machine. When the puncture needle reaches
the posterior edge of the vertebral body, the needle core is
removed to place the guide needle. The expansion cannula
and fine drill are placed in the anterior collapsed part of the
vertebral body in turn, and the bone cement is administered
after the position is satisfactory. When the bone cement tran-
sitions from a fluid shape to a ductile state, it is injected into
the diseased vertebra, and the injection is removed when the
bone cement has been adequately filled or has spread till the
edge of the vertebra or has spilled outside of the vertebra. All
patients were kept in the supine position for the time period of
8-12 h after surgery and were given conventional antibiotic
therapy and continued anti-osteoporosis treatment. All patients
were clinically and radiologically assessed at 1 day and 1 year
postoperatively.

Evaluation Methods
(1) General conditions during operation: operation time, num-

ber of X-ray machine fluoroscopy, and amount of bone cement
perfusion. (2) Assessment of pain and quality of life: Visual
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analogue scale (VAS) was used to assess pain and Oswestry
and Disability Index (ODI) was used to assess the health of
patient before surgery, 1 day, and 1 year after surgery, respec-
tively. (3) Imaging evaluation: The vertebral height compres-
sion rate of the injured vertebral body was measured by X-ray
lateral radiographs before surgery, 1 day and 1 year after sur-

gery using Eq. (1)
Rate =1 -2x H1/(H2 + H3), @)

where H1, H2, and H3 are the anterior heights of the frac-
tured vertebra, the vertebra above the fractured vertebra,
and the vertebra below the fractured vertebra, respectively.
Kyphosis Cobb’s angle was assessed by measuring the
kyphotic angle from the superior endplate of the fractured
vertebral body to the inferior endplate of the vertebral body
before surgery, 1 day and 1 year after surgery (4) Cement
leakage: CT examination was performed 1st day after the
operation to determine the leakage situation and leakage
type of the two bone cements used. In addition, the loca-
tion of leakage was recorded and classified as follows [15]
(1) disc space, (2) epidural space, (3) paravertebral areas,
and (4) peripheral veins. All radiological assessments were
reviewed by two radiologists who had no involvement in
their treatment.

Statistical Analysis

Statistical analysis was performed using SPSS22.0 statisti-
cal software (SPSS, Chicago, IL). Data were presented as
the Mean + Standard deviation. For baseline data (Table 1),
differences between the two groups were compared by the
Student’s ¢ test for continuous data and X? test or Fisher exact
for count data. The VAS score, ODI score, vertebral height
compression rate and Kyphosis Cobb’s angle were compared
between the two groups preoperatively and postoperatively
using the Student’s paired ¢ test. Cement leakage rates in two
groups were compared by X? or Fisher exact test. P <0.05
was considered to be a statistically significant difference.

Results

All surgeries were performed successfully. The oper-
ating time in the H group was 43.35+3.93 min, and
48.88 +4.04 min in the L group. The differences were statis-
tically significant, suggesting that PVP using high-viscosity
had shortened operation time (P <0.05, Table 2). The num-
ber of intraoperative fluoroscopic views was 18.29 +2.96
and 20.50 +3.20 in the H group and in the L group, respec-
tively. Statistically significant difference was observed
between the two groups (P <0.05, Table 2).

All 68 patients were successfully followed up, with a
mean follow-up time of 14.5 months (range 12—18 months).
The preoperative VAS score was 7.97 +1.21 in the H group

Table 2 Operation time, X-ray
machine exposure times, bone

Operation time, minutes

X-ray machine exposure Bone cement per-

> times fusion amount,
cement perfusion amount ml
before and after vertebroplasty
comparing the two groups H group (n=34) 43.35+£3.93% 18.29+2.96* 5.89+0.44
L group (n=34) 48.88 +4.04 20.50+3.20 6.04+0.42
P value P=0.001 P=0.004 P=0.15

H high-viscosity cement, L low-viscosity cement

*Compared with L group, P <0.05

Table 3 Preoperative and postoperative VAS scores, ODI scores in the two groups

VAS

ODI

Pre-operation ~ Day 1 of post-operation

After 1 year of

Pre-operation ~ Day 1 of post-operation  After 1 year

post-operation post-opera-
tion
Hgroup (n=34) 7.97+1.21 247+0.71% 1.53+0.86%* 80.24 +4.55 21.53 +3.84* 13.82+3.28%
L group (n=34) 7.56+1.23 2.26+£0.45% 1.35+0.92%* 78.82+4.11 20.32+3.18% 12.62+2.82%
P value 0.17 0.16 0.42 0.18 0.16 0.11

H high-viscosity cement, L low-viscosity cement

*Compared with preoperatively in each group, P <0.05
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Table 4 Preoperative and postoperative anterior vertebral compression rates, Cobb angle, in the two groups

Anterior vertebral compression ratio (%)

Cobb angle (°)

Pre-operation ~ Day 1 of post-operation

(After 1 year) of
post-operation

Preoperation  Day 1 of post-operation  After 1 year of

post-operation

H group (n=34)  40.53+9.67 30.12+8.60* 31.21£8.52% 20.56+4.21 11.18 £2.05* 12.41 £2.18*
L group (n=34)  41.41+10.14  29.12+9.29* 30.12+£9.27* 21.26+3.87 12.12+£2.75% 13.35+£2.49*
P value 0.72 0.65 0.62 0.47 0.11 0.10

H high-viscosity cement, L low-viscosity cement
*Compared with preoperatively in each group, P <0.05

and 7.56 + 1.23 points in the L group. After surgery, the
score was 2.47+0.71 and 2.26 +0.45 among the two groups,
respectively, with significant differences observed between
them (P <0.05, Table 3). ODI score in the two groups was
significantly improved after surgery compared with before
surgery, and the differences were statistically significant
(P <0.05, Table 3). However, there was no significant dif-
ference in VAS score and ODI score between the two groups
before surgery, at 1 day and 1 year after surgery (P >0.05,
Table 3).

Preoperatively, vertebral height compression rate was
40.53+£9.67 and 41.41+10.14% in the H and L groups,
respectively, and these were significantly decreased in the
two groups after Surgery (P <0.05, Table 4). In both the
groups, the kyphosis Cobb Angle was significantly lower at
1 day and 1 year following surgery (P <0.05, Table 4). But
prior to surgery, 1 day after surgery, and 1 year after surgery,
there was no discernible difference among the two groups in
vertebral height compression ratio and kyphosis Cobb Angle
(P>0.05, Table 4).

Intraoperative bone cement perfusion for (5.89 +0.44) ml
in the H group and (6.04 +0.42) ml in the L group was per-
formed, and there was no statistically significant difference
between the two groups (P> 0.05, Table 2). Bone cement
leakage occurred in 30 (44.1%) out of 68 patients, but no
clinical symptoms were seen in them. In group H, there were
nine cases of bone cement leakage, four cases of interver-
tebral leakage, one case of epidural leakage, three cases of
paravertebral leakage, and one case of venous leakage, with

a cement leakage rate of 26.5% (9/34). In group L, there
were 21 cases of cement leakage, 8 cases of intervertebral
leakage, 3 cases of epidural leakage, 6 cases of paraverte-
bral leakage, and 4 cases of venous leakage, with a cement
leakage rate of 61.8% (21/34). The leakage rate of the high-
viscosity bone cement group was significantly lower than
that of the low-viscosity bone cement, and the difference
was statistically significant (P < 0.05, Table 5). There was
no statistically significant difference in the leakage site of
bone cement between the two groups (P> 0.05, Table 5).

All the bone cement leaks were clinically asymptomatic,
and there was no nerve compression or pulmonary embolism
occurrence. There were three cases of new adjacent verte-
bral compression fracture (AVCF) in group H and two cases
in group L within 1 year postoperatively. The symptoms
improved after receiving an additional VP. There was no
significant difference in the rate of AVCF occurrence within
1 year between the two groups (P=0.64) (Table 5). Pre- and
post-operative images of a typical patient in group H treated
with PVP using high-viscosity bone cement are shown in
Figs. 2, 3 and 4. Pre- and post-operative images of a typi-
cal patient in group L treated with PVP using low-viscosity
bone cement are shown in Figs. 5, 6 and 7. Postoperative CT
scan revealed paravertebral cement leakage [marked by the
red arrow, Fig. 7)]. Fortunately, the patient did not have any
clinical symptoms.

Table 5 Leakage rate of bone cement and adjacent vertebral compression fracture in the two groups

Disc space leakage Epidural space

Paravertebral

Peripheral vein  Total leakage Adjacent verte-

leakage areas leakage leakage bral compression
fracture
H group (n=34) 4 (11.8%) 1(2.9%) 3(8.8%) 1(2.9%) 9 (26.5%)* 3(8.8%)
L group (n=34) 8(23.5%) 3(8.8%) 6 (17.6%) 4 (11.8%) 21 (61.8%) 2 (5.9%)
P value 0.34 0.61 0.48 0.36 0.015 0.64

H high-viscosity cement, L low-viscosity cement
*Compared with L group, P <0.05

@ Springer



580

Indian Journal of Orthopaedics (2024) 58:575-586

Fig.2 A 78-year-old female
with a compression fracture at
the L1 Vertebral body in group
H was treated with PVP using
high-viscosity bone cement.
Anteroposterior X-ray film a
and lateral X-ray film b revealed
a compression fracture of the
L1 vertebral body

Discussion

Kummell’s disease is a kind of delayed post-traumatic ver-
tebral collapse, which is common in elderly patients with
osteoporosis and is a special type of osteoporotic fracture
[4, 16]. Li et al. 2007 [17] divided Kummell’s disease into
three stages: stage I, with <20% reduction in vertebral body
height and no adjacent degenerative disc disease; stage
11, with>20% reduction in vertebral body height, usually
accompanied with adjacent degenerative disc disease; stage
III, with posterior cortical rupture of the vertebral body com-
bined with spinal cord compression, with the main symptom
being low back pain with or without symptoms of spinal
cord injury. Kummell’s disease stage III with severe kypho-
sis and neurological symptoms should be treated with open
surgery [18]. Patients with stage I and II Kummell disease
usually have no neurological symptoms, and the main goal
of surgery is to eliminate micromovement of the fractured
vertebrae and rebuild spinal stability. Minimally invasive
surgery such as PVP or PKP is preferred for treatment,
which can obtain satisfactory clinical efficacy [19, 20].
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In this study, the VAS score and ODI score of Kummell’s
disease type I and II patients were significantly improved
after surgery compared with that of before surgery, but there
were no significant differences in VAS score and ODI score
of Kummell’s disease patients at the same time point after
surgery, suggesting that both bone cement have definite and
pain-relieving clinical effects. The reason is that the chemi-
cal toxicity of bone cement and the heat released during the
polymerization process can damage nerve endings, block
nerve conduction and achieve analgesic effect. The injec-
tion of bone cement can fill in the fracture space, stabilizing
the local fracture and rebuilding the mechanical conduction.
Imaging comparison showed that postoperative kyphosis
Cobb’s Angle and vertebral height compression rate of the
injured vertebrae in the two groups decreased significantly
compared with that of before surgery, but there was no dif-
ference in postoperative Cobb Angle and vertebral height
compression rate of the injured vertebrae in the two groups
at the same time point after surgery. The results showed that
there was no significant difference in the recovery of verte-
bral height and the correction of kyphosis Angle between
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Fig.3 Coronal CT scan (c), sagittal CT scan (d) and Transverse CT scan (e) confirmed intraosseous vacuum phenomenon. MRI suggests low

signal at T1 (f), high signal at T2 (g)

the two groups when the spine was hyperextended and prone
during the operation. We considered that the degree of ver-
tebral compression and recovery of kyphosis Angle may be
related to the intraoperative position reduction and that the
position reduction helps restore vertebral height and improve
kyphosis, regardless of the type of bone cement used.
Bone cement leakage is a common complication of PVP
treatment for osteoporotic vertebral compression fractures,
with an incidence of 22-82% [21, 22]. Nieuwenhuijse et al.
[23] believed that the vacuum crack pattern was an unfa-
vorable factor for the leakage of PMMA bone cement. Peh
et al. [24] reported that the bone cement leakage rate in PVP
treatment of Kummell’s disease was as high as 79% and
believed that bone cement leakage was related to vertebral
rupture. Generally, when PVP is performed, if bone cement
with low viscosity is used, the surgeon must start to inject
bone cement when the bone cement enters the ductile state
from fluid shape, at which time the bone cement is rela-
tively thin, which may lead to cement leakage. Some studies

have suggested that early injection of bone cement with low
viscosity increases the incidence of postoperative leakage
[25]. However, if low-viscosity cement is injected too late,
the cement may not disperse well enough to fill the vertebra
completely. It has been reported [26] that when performing
PVP surgery, bone cement should be filled as much as pos-
sible in the vertebral body so as to produce the best vertebral
stiffness and to achieve good therapeutic effect. Some studies
[27] believe that high-viscosity bone cement has obvious
advantages over low-viscosity bone cement in PVP surgery.
High-viscosity bone cement immediately forms a doughy
shape without the stage of wire drawing after the prepara-
tion. In addition, the dough period is long from the fully
formed period, allowing full operation time. Theoretically,
the use of high-viscosity bone cement for PVP has certain
advantages for the treatment of this disease.

In this study, when there was no statistically significant
difference in the amount of bone cement injected between
the two groups, the bone cement leakage rate in the PVP
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Fig.4 Coronal CT scan (h), sagittal CT scan (i) and Transverse CT scan (j) obtained postoperatively showing satisfactory vertebral height and

bone cement filling without bone cement leakage

group with high viscosity was 26.5%, lower than that in the
low viscosity group (61.8%). It suggests that high-viscosity
bone cement has an advantage in safety, and the difference
is statistically significant, which is consistent with literature
reports [28]. This is related to the physical and chemical
properties of high-viscosity bone cement, which has a short
liquid period, low fluidity and instantaneous high viscosity.
In this study, there were 12 cases of intervertebral disc leak-
age, 9 cases of paravertebral leakage, 5 cases of vein leak-
age, and 4 cases of epidural leakage. Bone cement leakage
was mainly caused by intervertebral disc and paravertebral
leakage. Because vertebral body fissures are generally con-
nected to the intervertebral disc and paravertebral area, bone
cement leakage in patients with vertebral body fissure sign
is more likely to occur in the intervertebral disc and para-
vertebral area, which is consistent with the study reported
by Tanigawa et al. [29]. High-viscosity bone cement has the
characteristics of short liquefaction period, which can reduce
leakage in the treatment of Kummell’s disease. Meanwhile,
the operation time and fluoroscopy time of the high-viscosity
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bone cement group were significantly less than those of the
low-viscosity bone cement group, and the differences were
statistically significant. The reduction of fluoroscopy has
very important clinical significance. First of all, the surgi-
cal time can be minimized, and for elderly patients in prone
position, the shorter the surgical time, the better. What is
more, in vertebroplasty, even though the surgeon wears lead
clothing and the patient wears protective gear, the radiation
is still harmful to the human body. Minimizing the number
of fluoroscopy during surgery can protect the health of doc-
tors and patients to the greatest extent.

In terms of the adjacent vertebral compression fracture,
we did not observe any significant differences between both
groups in this study. Studies conducted by Lee et al. [30]
revealed that the risk factors for AVCF after VP include
BMD, preoperative compression ratio, preoperative sagittal
index, intradiscal cement leakage, and large cement volume-
to-vertebral body ratio as per the univariate analysis. Signifi-
cant risk factors for multifactorial analysis were bone min-
eral density and intradiscal cement leakage. There was no
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Fig.5 A 84-year-old female
with a compression fracture at
the T8 Vertebral body in group
L was treated with PVP using
low-viscosity bone cement.
Anteroposterior X-ray film

(k) and lateral X-ray film (I)
revealed a compression fracture
of the T8 vertebral body

significant difference in the proportion of AVCEF, probably
due to the absence of such differences in bone density and
the proportion of cement leakage within the disc between
the two groups. Therefore, PVP with high-viscosity bone
cement does not increase the risk of adjacent vertebral re-
fracture in single-level Kummel’s disease.

The major limitations of this study were the small sam-
ple size and limited follow-up period. Moreover, comparison
between kyphoplasty and vertebroplasty with high-viscosity
bone cement was not performed. Future studies with larger
sample sizes and long-term follow-up periods will be nec-
essary to evaluate the safety and efficacy of high-viscosity
bone cement in kyphoplasty and vertebroplasty.

Conclusions

The results of this study confirmed that high-viscosity bone
cement and low-viscosity bone cement in PVP have similar
clinical efficacy in improving the health status and quality of
life and relieving the pain for patients suffering from Kum-
mell’s disease. Based on the study outcomes reported here,
high-viscosity cement PVP had comparable effects in restor-
ing vertebral body height and correcting kyphotic deformi-
ties, with lower cement leakage rate, less operative time and
fluoroscopy views compared to low-viscosity cement. High-
viscosity cement was recommended to be used in PVP for
the treatment of Kummell’s disease. However, additional
studies involving large sample size is warranted to have con-
crete results corroborating with our study.
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Fig.6 Coronal CT scan (m), sagittal CT scan (n) and Transverse CT scan (0) confirmed intraosseous vacuum phenomenon. MRI suggests low
signal at T1 (p), high signal at T2 (q)
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Fig.7 Coronal CT scan (r),
sagittal CT scan (s) and Trans-
verse CT scan (t) obtained post-
operatively showing satisfac-
tory vertebral height and bone
cement filling accompanied by
paravertebral cement leakage
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