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Bone cement distribution is a potential
predictor to the reconstructive effects of
unilateral percutaneous kyphoplasty in
OVCFs: a retrospective study
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Abstract

Background: Osteoporotic vertebral compression fracture (OVCF) is a common type of fracture, and percutaneous
kyphoplasty (PKP) is an eligible solution to it. Previous studies have revealed that both the volume and filling
pattern of bone cement correlate with the clinical outcomes after PKP procedure. However, the role of bone
cement distribution remains to be illustrated.

Methods: To retrospectively evaluate the relationship between the bone cement distribution and the clinical
outcomes of unilateral PKP, we enrolled 73 OVCF patients receiving unilateral PKP treatment. All the intervened
vertebrae were classified into three groups based on the bone cement distribution observed on postoperative X-ray
films. Preoperative and postoperative radiographic parameters including the vertebral height and kyphotic Cobb
angle were recorded, and anterior vertebral height restoration rate (AVHRR) and Cobb angle correction (CR) were
then calculated to assess the vertebral height reconstruction. Preoperative and postoperative Oswestry Disability
Index (ODI) and visual analogue scale (VAS) were adopted by interviewing patients to assess the mobility
improvement and pain relief. Demographic data, body mass index (BMI), lumbar bone mineral density (evaluated
by BMD T-score) of each patient, bone cement volume (BV), and bone cement extravasation (BE) were also
recorded. Between- and within-group comparisons and multivariable correlation analysis were carried out to
analyze the data.

Results: VAS and ODI scores were both significantly improved in all of the enrolled cases with no significant
differences between groups. Among the three groups, the average age, AVHRR, and BV were significantly different.
Occurrence of BE was significantly different between two of the three groups. AVHRR was demonstrated to
correlate negatively with preoperative anterior vertebral height ratio and positively with preoperative Cobb angle,
CR, diffusion score, and ODI changes.

Conclusions: Bone cement distribution is a potential predictor to the reconstructive effects in unilateral PKP for
OVCFs. Bone cement distribution is associated with AVHRR and BV, as well as the risk of BE occurrence. Greater
bone cement distribution may indicate better vertebral restoration along with a higher BE risk.
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Background
Osteoporotic vertebral compression fracture (OVCF) is
a common type of fracture. The prevalence of OVCF
was reported as high as 20% in people aged over 50 [1].
Along with the aging of population, the morbidity and
disability caused by OVCFs has been continuously bur-
dening the global society [2–4]. The clinical features of
OVCF mainly include acute or chronic back pain and
physical disability, as well as the distinctive radiographic
finding of “wedge-shaped” vertebral bodies due to mech-
anical compression. The clinical management of OVCFs
aims at restoration of both the physical structure and
biomechanical resistance of the impaired spinal segment.
As an eligible solution to OVCFs, the percutaneous

kyphoplasty (PKP) has demonstrated great efficiency in
pain relief and functional improvement [5–8]. Notably,
it is common that the intravertebral bone cement distri-
bution after unilateral PKP procedure varies among dif-
ferent vertebral bodies during the clinical practice.
Besides, previous studies revealed that the bone cement
volume (BV) and filling patterns correlate with surgical
complications and curative effects [9–13]. However, the
therapeutic implication of bone cement distribution in
unilateral PKP remains to be illustrated.
In this study, we classified the fractured vertebrae in

OVCF patients into three groups according to the bone
cement distribution recorded on standing anteroposter-
ior radiographs after unilateral PKP implementation. We
compared the radiographic findings and clinical out-
comes throughout the three groups and further evalu-
ated the relationship between the bone cement
distribution and those parameters.

Methods
Patients
A total number of 82 vertebrae in 73 patients were
included as subjects. All patients were diagnosed with
OVCFs and accepted unilateral percutaneous kypho-
plasty [14, 15] in our department from January 2012 to
January 2016 and were followed up for at least 1 year
after surgery. General health evaluation was performed
to rule out surgical contraindication before the proced-
ure. All patients had been suffering from intolerable pain
(VAS ≥ 6) despite conservative therapy for 6 to 12 weeks.
Exclusive criteria include the following: extra internal
fixation implementation, vertebral fracture caused by
metastatic cancer, mental instability, major cardiopulmo-
nary insufficiency, and loss to follow-up. The study was
approved by the ethic committee of Renji Hospital. All
enrolled patients gave informed consent.
Demographic data including age, gender, height,

weight, bone mineral density (BMD, T-score), time to
surgery, and levels of injury were recorded. Preoperative,
postoperative, and following up standing X-ray plain

films were taken, and preoperative dual-energy X-ray ab-
sorptiometry was performed and recorded. Patients were
interviewed and evaluated by physicians who did not
participate in the following surgical procedure. Visual
analogue score (VAS) and Oswestry Disability Index
(ODI) were adopted to interpret pain intensity and dis-
ability before the surgery.

Surgical procedure
All patients received unilateral PKP in prone position
under the guidance of C-arm fluoroscopy after local
anesthesia with 1% lidocaine. An 11- to 15-gauge
biopsy needle was inserted through the unilateral verte-
bral pedicle. A balloon was then inserted along the
working cannula and inflated with radiocontrast agent
until the intraluminal pressure reached around 12 atm.
After balloon was retrieved, formulated polymethyl
methacrylate (PMMA) mixture was instilled into the
intravertebral cavity as bone cement material. Accord-
ing to vender recommendation, the filling PMMA was
mixed in a powder-to-liquid ratio of 20:9.4. The
volume of PMMA usage (BV) was recorded by the
operating surgeons. All enrolled patients underwent
uneventful procedure and were encouraged to ambu-
late 3 h after surgery.

Radiographic findings
Standing anteroposterior and lateral X-ray films of
thoracolumbar spine region were taken before and
24 h after the surgery. The morphological parame-
ters of fractured vertebrae, together with bone ce-
ment distribution and extravasation were observed
and recorded.
The deformity of vertebrae was evaluated by anterior

vertebral height ratio (AVHR) and kyphotic Cobb angle.
The anterior vertebral height ratio was calculated as per-
centile of anterior vertebral height of the compressed
vertebra against the mean anterior vertebral height of
adjacent upper and lower vertebra [10] (Fig. 1A). The
kyphotic Cobb angle was defined as the degree between
the lower endplate of compressed vertebra and adjacent
upper vertebra (Fig. 1B). The anterior vertebral height
restoration rate (AVHRR) was measured as the differ-
ence between the preoperative and postoperative AVHRs
while the correction of kyphosis was measured as the
difference between preoperative and postoperative Cobb
angles. An example of evaluating vertebral reconstruc-
tion by measuring pre- and postoperative radiographic
parameters was presented in Fig. 1C–D.
The included vertebrae were then divided into three

groups according to the bone cement distribution. The
vertebrae in which the bone cement distribution was
restricted unilaterally comprised the group I (the bone
cement did not pass the midline of the vertebra, Fig. 2a).
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The vertebrae in which the bone cement distributed
across the midline but not to the contralateral vertebral
pedicle comprised the group II (Fig. 2b). The vertebrae
in which bone cement distributed over the contralateral
pedicle comprised the group III (Fig. 2c). We then quan-
tified bone cement distribution by using diffusion score
(DS). The DS in group I is 1, and the DS in groups II
and III are 2 and 3, respectively. Existence of bone
cement extravasation (BE) was also recorded (Fig. 2d).

Clinical outcomes
Being blinded to the subjective categorization, surgeons
assessed the patients at 24 h, 3 days, 1 month, 3 months,
and 1 year after surgery. All patients completed the VAS
and ODI questionnaire before the surgery, 1 day after
the surgery, and at following up to evaluate pain reliefs
and functional recovery conditions. No recurrence of

symptomatic adjacent vertebral fracture was revealed in
this retrospective case series.

Statistical analysis
Software IBM SPSS Statistics 23.0 was adopted on
data analysis. Level of statistical significance was de-
fined as p value < .050. Analysis of variance (ANOVA)
with Bonferroni and Tamhane correction was used to
compare the difference of age, BMI, BMD, preoperative
AVHR and Cobb angle, and surgical CR among groups.
The Kruskal-Wallis one-way ANOVA test was performed
to distinguish the difference of BV and AVHRR among
groups. The chi-square test was conveyed to analyze the
difference of occurrence of BE. The Wilcoxon test was
performed for within-group comparisons of VAS and ODI
scores. Multivariable correlation analysis of age, gender,
BMI, BMD, preoperative VHR and Cobb angle, AVHRR,

Fig. 1 A–D Radiographic evaluation of compressed vertebrae. A Anterior vertebral height ratio (AVHR) was calculated as percentile of anterior
vertebral height of the compressed vertebra (b), divided by the mean anterior vertebral height of the adjacent upper and lower vertebrae (a + c)/
2. The anterior vertebral height restoration rate (AVHRR) = preoperative AVHR − postoperative AVHR. B Cobb angle was determined as the
degree between the lines of lower endplate of compressed vertebra and the adjacent upper vertebra. The Cobb angle correction (CR) =
preoperative Cobb angle − postoperative Cobb angle. C–D Examples of preoperative (C) and postoperative (D) images for evaluating vertebral
restoration. The X-ray films were taken 1 day before and after the surgery, respectively, from an 80-year-old female patient with L3 compression
fracture. Both the AVHRR (35.5% = 87.3–51.8%) and CR (11.3° = 16.1°–4.8°) are significant after treated by unilateral PKP

Fig. 2 a–d Observation of bone cement distribution and classification of vertebrae. a The vertebrae in which the bone cement located
unilaterally (restricted by the midline) comprised group I. b The vertebrae in which the bone cement diffused across the midline but not to the
contralateral vertebral pedicle comprised group II. c The vertebrae in which bone cement diffused over the contralateral pedicle comprised group
III. d Existence of bone cement extravasation was recorded
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CR, BV, and BE occurrence was analyzed by Spearman
correlation coefficient test.

Results
Demographic data
Of 73 patients, 15 were male and 58 were female, aging
70.99 ± 8.53 (56–95, Table 1). A total number of 82
subjective vertebrae were subdivided into three groups
according to bone cement distribution condition as
mentioned. Age, gender, BMI, BMD T-score, thoracic,
and lumber spinal vertebrae ratio were demonstrated in
Table 1. There was a significant difference of average age
among the three groups (p = .040). The average age of
group III (73.23 ± 8.56 years) was significantly higher
than that of the group II (68.18 ± 9.10 years, p = .023),
but not significantly higher than that of the group I
(68.94 ± 6.21 years, p = .075). The average age difference
was of no statistical significance between group I and
group II (p = .778).

Radiographic parameters
As for the preoperative parameters, no statistically signifi-
cant difference of preoperative AVHR and kyphotic Cobb
angle was found. AVHRR was revealed to differ among all
groups (.043 ± .066, .106 ± .069, and .130 ± .110, respect-
ively, p = .007, Kruskal-Wallis test, Table 2, Fig. 3a). Notably,
the AVHRR of group I was significantly lower than the
other two groups (p = .007 and .000, respectively), while the
difference was nonsignificant between group II and group
III (p = .280). CR differed among groups but with no statis-
tical significance (1.66 ± 2.47, 2.61 ± 2.42, 4.24 ± 4.08, re-
spectively, p = .089, Kruskal-Wallis test, Table 2, Fig. 3b).
However, CR in group III was significantly higher than in
group I (p = .019) and group II (p = .048).
BV differed significantly among all groups (4.15 ±

1.25 ml, 5.46 ± 2.05 ml, and 8.43 ± 2.20 ml respectively,
p = .000, Table 2, Fig. 3c). BV of group III was higher
than that of the other two groups, and that of group II
was higher than that of group I, all with significance.

BE of group III (16/43 = 0.372, Table 2) was significantly
higher than that of the group I (0/17 = .000, p = .016). BE
occurrence in group II (4/22 = .182) was greater than that
in group I, and that in group III was greater than that in
group II, but the difference was nonsignificant (p = .140
and .240, respectively).

Correlations between parameters
The body mass index (BMI) showed no difference
among the three groups (23.32 ± 1.51, 22.88 ± 1.96, and
22.85 ± 2.07, respectively, p = .684, Table 1). No correl-
ation was found between BMI and BV, preoperative
AVHR, AVHRR, preoperative CA, CR, diffusion score,
changes of VAS, and ODI after surgery (Spearman
correlation coefficient, Table 3).
The bone mineral density (BMD T-score) showed no

difference among the three groups (− 3.22 ± 0.52, − 3.17 ±
0.68, and − 3.31 ± 0.54 respectively, p = .627, Table 1). No
correlation was found between BMD and BV, AVHR,
AVHRR, preoperative CA, CR, diffusion score, changes of
VAS, and ODI after surgery (Spearman correlation coeffi-
cient, Table 3).

Table 1 Demographic data

Parameters Group I Group II Group III P value

N 17 22 43 NA

Age (years) 68.94 ± 6.21 68.18 ± 9.10 73.23 ± 8.56 .040*

Gender (M:F) 6/17 4/22 6/43 NA

BMI (kg/m2) 23.32 ± 1.51 22.88 ± 1.96 22.85 ± 2.07 .684

BMD (T-score) − 3.22 ± 0.52 − 3.17 ± 0.68 − 3.31 ± 0.54 .627

T spine ratio 4/17 7/22 15/43 NA

L spine ratio 13/17 15/22 28/43 NA

The average age of group III is significantly higher than that of the group II
(p = .023) but not significantly higher than that of the group I (p = .075)
F female, M male, BMI body mass index, BMD bone mineral density, NA
not applicable
*P value by analysis of variances

Table 2 Radiographic parameters

Parameters Group I Group II Group III P value

Pre-op AVRR .792 ± .176 .753 ± .171 .696 ± .148 .092

Post-op AVHR .835 ± .159 .859 ± .175 .826 ± .103 .546

Anterior VHRR .043 ± .066 .106 ± .069 .130 ± .110 .007*

Group I–II .007*

Group I–III .000*

Group II–III .280

Pre-op CA (°) 6.51 ± 11.47 6.84 ± 8.05 10.30 ± 8.37 .200

Post-op CA (°) 4.84 ± 11.33 4.23 ± 7.82 6.07 ± 6.82 .672

CR 1.66 ± 2.47 2.61 ± 2.42 4.24 ± 4.08 .089

Group I–II .241

Group I–III .019*

Group II–III .048*

BV (ml) 4.15 ± 1.25 5.46 ± 2.05 8.43 ± 2.20 .000*

Group I–II .000*

Group I–III .000*

Group II–III .000*

BE occurrence 0/17 4/22 16/43 NA

Group I–II .140

Group I–III .016*

Group II–III .240

Pre-op preoperative, Post-op postoperative, AVHR anterior vertebral height
ratio, CA kyphotic Cobb angle, AVHRR anterior vertebral height restoration
rate, CR Cobb angle correction, BV bone cement volume, BE bone cement
extravasation, NA not applicable
*P value by analysis of variances and multiple comparisons, independent
sample T test, Kruskal-Wallis one-way ANOVA test, and chi-square test
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AVHRR correlates with preoperative AVHR negatively
(Spearman correlation coefficient, r = − .518, p < .001,
Table 3). AVHRR also showed significant positive corre-
lations with preoperative CA, CR, diffusion score, and
ODI changes after surgery (Spearman correlation coeffi-
cient, Table 3). No correlation was found between
AVHRR and VAS changes or BV.

Clinical outcomes
The VAS and ODI were both significantly improved 24 h
after the surgery and during the following up (p < .001,
Table 4, Fig. 4a–b). However, there was no significant dif-
ference of pre- and post-operative and following-up
clinical outcome measures among the three groups.

Discussion
Cement augmentation vertebroplasty was initially intro-
duced into vertebral fracture treatment by French physi-
cians in 1987 [16]. The technique was improved by
using balloon inflation to create larger intervertebral
space in order to achieve better restoration and prevent
bone cement extravasation, which was known as percu-
taneous kyphoplasty [17]. Radiographic evaluation plays
an important role in assessment of PKP treatment. Intra-
operative fluoroscopy avails surgeons to observe the pos-
ition of invading needle, as well as the process of
instillation and distribution of the bone cement. There-
fore, further understanding of the relationship between
intraoperative radiographic findings and the therapeutic
outcomes may help optimize surgical decision. Several
studies have uncovered the effects of bone cement vol-
ume on PKP efficacy [11, 12, 18], but few emphasized
on bone cement distribution or filling pattern [13]. In
this study, the correlation between bone cement distri-
bution and vertebral reconstruction in unilateral PKP
was revealed, shedding light on further improvement of
the procedure.
PKP implementation could achieve great curative ef-

fect in OVCFs with instant pain relief and excellent
functional recovery, as well as significant vertebral
height restoration and kyphotic deformity correction
[5, 6, 19–21]. Consistent with former studies, the ver-
tebral height restoration and kyphotic Cobb angle
correction were significant after the surgery in this
study. The VAS and ODI scores were also greatly im-
proved, while between-group comparison showed no
significant difference.
Anterior vertebral height restoration rate was signifi-

cantly different among groups, and it increased along
with the bone cement expansion (group III > group II >
group I, p = .007, Table 2). The change of Cobb angle
was consistent with the change of anterior and central
vertebral height ratio. Notably, AVHRR was relatively
minimal in group I compared to group II and III. We

Fig. 3 a–c Comparisons of the anterior vertebral height restoration rate (a), Cobb angle correction (b), and bone cement volume (c) among the
three groups

Table 3 Correlations of parameters with anterior vertebral
height restoration rate

Factors Correlation coefficient P value

Age .141 .205

Gender − .065 .562

BMI − .039 .729

BMD (T-score) − .164 .140

Pre-op AVHR − .518 .000*

Pre-op CA .327 .003*

CR .716 .000*

BCV .172 .123

Diffusion score .300 .006*

VAS changes .046 .669

ODI changes .250 .024*

AVHRR correlates positively with preoperative CA, CR, diffusion score, and ODI
changes, while negatively with preoperative AVHR with statistical significance
BMI body mass index, BMD bone mineral density, Pre-op preoperative, Post-op
postoperative, AVHR anterior vertebral height ratio, CA kyphotic Cobb angle,
AVHRR anterior vertebral height restoration rate, CR Cobb angle correction, BV
bone cement volume, BE bone cement extravasation, VAS visual analogue
score, ODI Owsertry Disability Index
*P value by Spearman correlation coefficient
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hypothesized this phenomenon was of predictive signifi-
cance. Besides, the difference of AVRHH between group
II and III was nonsignificant. Therefore, we suggest that
when bone cement distribution is wide enough (i.e.,
spread over the area between middle line and contralat-
eral vertebral pedicle), the unilateral PKP is able to pro-
vide the more significant vertebral height restoration.
Previously, there was a dispute on the comparison be-
tween unilateral and bilateral kyphoplasty [22–25]. Since
the unilateral PKP procedure can produce similar bone
cement distribution in group III as bilateral PKP proced-
ure, we assume that it is the bone cement distribution
that decides the therapeutic effect of cementoplasty.
The correlation study indicated that AVHRR was posi-

tively correlated with preoperative compression rate (i.e.,
preoperative vertebral height ratios, Cobb angle), which
was supported by Lee et al. [26], who had discovered
that anterior vertebral height was higher in 70% col-
lapsed vertebrae compared to collapsed 50~ 70% group
and collapsed 30~ 50% group. Data also suggested that
the structural disruption of cancellous bone and the
endplate fracture may provide larger potential space for
cement instillation in severe fracture comparing to mild

ones, leading to higher AVHRR. To be noted, previous
studies [13, 26] also suggest that uneven distribution of
bone cement may undermine the physical strength of
“non-PMMA supported area,” leading to recurrent
fractures.
Bone cement volume was revealed to increase as bone

cement distribution expanded (Fig. 3c). No cement ex-
travasation was found in group I. However, occurrence
of extravasation raised in group II and group III as bone
cement built up, and the difference between group I and
III was significant (p = .016, Table 2). It has been sug-
gested that higher BV is one of the risk factors for bone
cement extravasation [11]. Li et al. [10] also indicated
that the upper endplate fracture may induce bone ce-
ment leakage in PKP. We hypothesized that in group I,
restricted spread of bone cement distribution, as well as
lower BV, together contributed to prevent BE occur-
rence. Therefore, bone cement distribution may be a
predictive risk factor to BE.
This retrospective study had several limitations. First

of all, considering the fact that some of the OVCF
patients admitted to our department were allocated to
bilateral PKP treatment, the sample size was not large as

Table 4 VAS and ODI changes

Parameters Group I Group II Group III

Pre-op VAS 8.06 ± 1.03 7.68 ± .839 7.77 ± .751

Post-op VAS 2.41 ± .507 2.45 ± .858 2.30 ± .708

VAS at following-up 1.65 ± .702 1.41 ± .503 1.47 ± .550

Pre-op/post-op VAS (P value) .000* .000* .000*

Post-op VAS/following up VAS (P value) .001* .000* .000*

Pre-op ODI 48.94 ± 3.15 49.14 ± 3.76 49.58 ± 3.40

Post-op ODI 21.47 ± 1.94 20.82 ± 3.89 20.63 ± 3.11

ODI at following up 7.88 ± 1.62 7.45 ± 1.26 8.26 ± 1.94

Pre-op/post-op ODI (P value) .000* .000* .000*

Post-op ODI/following up ODI (P value) .000* .000* .000*

VAS and ODI scores improved significantly after surgery and at following up. However, there was no significant difference of the changes among the three groups
Pre-op preoperative, Post-op postoperative, VAS visual analogue score, ODI Oswestry Disability Index
*P value by Wilcoxon matched-pair signed-rank test

Fig. 4 a–b Clinical outcomes data both VAS (a) and ODI (b) scores were significantly improved 1 day after the surgery and during the follow up.
No significant difference among the three groups was revealed
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expected. Secondly, other factors such as endplate rup-
ture [10] may also compromise the therapeutic out-
comes. Last but not least, the CT scanning and
reconstruction was supposed to be more illustrative
when evaluating vertebral deformity; however, most of
the enrolled patients did not accept postoperative CT.
Further prospective and optimized study is required in
the future.

Conclusion
Bone cement distribution is associated with the recon-
structive effect in the unilateral percutaneous kypho-
plasty. Greater bone cement distribution may indicate
greater anterior vertebral height restoration and Cobb
angle correction, which is also demanding more bone
cement usage and extra monitor on bone cement ex-
travasation. As an intraoperative radiographic finding,
the bone cement distribution could become a predictive
factor in evaluating the therapeutic reconstruction effi-
cacy of unilateral PKP.

Abbreviations
AVHR: Anterior vertebral height restoration; AVHRR: Anterior vertebral height
restoration rate; BE: Bone cement extravasation; BMD: Bone mineral density;
BMI: Body mass index; BV: Bone cement volume; CA: Cobb angle; CR: Cobb
angle correction; NA: Not applicable; ODI: Oswestry disability index;
OVCF: Osteoporotic vertebral compression fracture; PKP: Percutaneous
kyphoplasty; PMMA: Polymethyl methacrylate; Post-op: Postoperative; Pre-
op: Preoperative; VAS: Visual analogue score

Acknowledgements
Hongxing Shen, MD, and Zude Liu, MD (all from Renji Hospital, Shanghai
Jiaotong University, School of Medicine) assisted with organization and
revision of the manuscript. We thank all the patients and related families
who participated in this research.

Funding
This work was supported by the following grant: Shanghai Science and
Technology Fund (17411964200), Incubating Program for Clinical Research
and Innovation Of Renji Hospital (PYXJS16-006,PYZY16-010), Municipal
Human Resources Development Program for Outstanding Young Talents in
Medical and Health Sciences in Shanghai. All of the funding goes to Dr.
Lifeng Lao.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Authors’ contributions
JL collected, analyzed, and interpreted the data and wrote the draft. LQ
performed the surgery and revised the draft. XC, FF, and CJ assisted in the
follow-up process and collection of data. LL performed the surgery, designed
the protocol, and collected data of this study. All the authors have read and
approved the final manuscript.

Ethics approval and consent to participate
The study was approved by the Ethic Committee of Renji Hospital. All
patients involved had given informed consent.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 29 November 2017 Accepted: 21 May 2018

References
1. Kendler DL, Bauer DC, Davison KS, Dian L, Hanley DA, Harris ST, et al.

Vertebral fractures: clinical importance and management. Am J Med. 2016;
129:221.e221–10.

2. Cooper C, Atkinson EJ, Jacobsen SJ, O’Fallon WM, Melton Iii LJ. Population-
based study of survival after osteoporotic fractures. Am J Epidemiol. 1993;
137:1001–5.

3. Baaj AA, Downes K, Vaccaro AR, Uribe JS, Vale FL. Trends in the treatment of
lumbar spine fractures in the United States: a socioeconomics perspective:
clinical article. J Neurosurg Spine. 2011;15:367–70.

4. Lange A, Zeidler J, Braun S. One-year disease-related health care costs of
incident vertebral fractures in osteoporotic patients. Osteoporos Int. 2014;25:
2435–43.

5. Pateder DB, Khanna AJ, Lieberman IH. Vertebroplasty and kyphoplasty for
the management of osteoporotic vertebral compression fractures. Orthop
Clin N Am. 2007;38:409–18. abstract vii

6. Santiago FR, Abela AP, Alvarez LG, Osuna RMA, García MMC. Pain and
functional outcome after vertebroplasty and kyphoplasty. A comparative
study. Eur J Radiol. 2010;75:e108–13.

7. Saxena BP, Shah BV, Joshi SP. Outcome of percutaneous balloon
kyphoplasty in vertebral compression fractures. Indian J Orthop. 2015;49:
458–64.

8. An KC, Kang S, Choi JS, Seo JH. The clinical and radiological availability of
percutaneous balloon kyphoplasty as a treatment for osteoporotic burst
fractures. Asian Spine J. 2008;2:9–14.

9. Kim SH, Kang HS, Choi JA, Ahn JM: Risk factors of new compression
fractures in adjacent vertebrae after percutaneous vertebroplasty. Acta
Radiol (Stockholm, Sweden: 1987) 2004;45:440–445.

10. Li Q, Xiao L, Zhang J, Fan J, Zhou W, Yin G, et al. The impact of endplate
fracture on postoperative vertebral height loss and kyphotic deformity
during treatment of osteoporotic vertebral compression fractures with
balloon kyphoplasty. J Biomed Res. 2016;30:419–26.

11. Lin D, Hao J, Li L, Wang L, Zhang H, Zou W, et al: Effect of bone cement
volume fraction on adjacent vertebral fractures after unilateral percutaneous
kyphoplasty. Clin Spine Surg 2017;30(3):E270–75.

12. Yang S, Liu Y, Yang H, Zou J. Risk factors and correlation of secondary
adjacent vertebral compression fracture in percutaneous kyphoplasty. Int J
Surg (London, England). 2016;36:138–42.

13. Yu W, Liang D, Yao Z, Qiu T, Ye L, Huang X, et al. Risk factors for recollapse
of the augmented vertebrae after percutaneous vertebroplasty for
osteoporotic vertebral fractures with intravertebral vacuum cleft. Medicine.
2017;96:e5675.

14. Garfin SR, Yuan HA, Reiley MA. New technologies in spine: kyphoplasty and
vertebroplasty for the treatment of painful osteoporotic compression
fractures. Spine (Phila Pa 1976). 2001;26:1511–5.

15. McArthur N, Kasperk C, Baier M, Tanner M, Gritzbach B, Schoierer O, et al.
1150 kyphoplasties over 7 years: indications, techniques, and intraoperative
complications. Orthopedics. 2009;32:90.

16. Galibert P, Deramond H, Rosat P, Le Gars D. Preliminary note on the
treatment of vertebral angioma by percutaneous acrylic vertebroplasty.
Neurochirurgie. 1987;33:166–8.

17. Bostrom MP, Lane JM. Future directions. Augmentation of osteoporotic
vertebral bodies. Spine (Phila Pa 1976). 1997;22:38S–42S.

18. Suh S-P, Kim C-W, Jo Y-H, Kang C-N. Height restoration after balloon
kyphoplasty in rheumatoid patients with osteoporotic vertebral
compression fracture. Asian Spine J. 2015;9:581–6.

19. Webb JCJ, Spencer RF. The role of polymethylmethacrylate bone cement in
modern orthopaedic surgery. J Bone Joint Surg Br. 2007;89:851–7.

20. Peh WCG, Munk PL, Rashid F, Gilula LA. Percutaneous vertebral
augmentation: vertebroplasty, kyphoplasty and skyphoplasty. Radiol Clin N
Am. 2008;46:611–35. vii

21. McCall T, Cole C, Dailey A. Vertebroplasty and kyphoplasty: a comparative
review of efficacy and adverse events. Curr Rev Musculoskelet Med. 2008;1:
17–23.

Lin et al. Journal of Orthopaedic Surgery and Research  (2018) 13:140 Page 7 of 8



22. Cheng X, Long HQ, Xu JH, Huang YL, Li FB. Comparison of unilateral versus
bilateral percutaneous kyphoplasty for the treatment of patients with
osteoporosis vertebral compression fracture (OVCF): a systematic review and
meta-analysis. Eur Spine J. 2016;25:3439–49.

23. Sun H, Lu P-P, Liu Y-J, Yang X, Zhou P-H, Shen X-F, et al. Can unilateral
kyphoplasty replace bilateral kyphoplasty in treatment of osteoporotic
vertebral compression fractures? A systematic review and meta-analysis.
Pain Physician. 2016;19:551–63.

24. Zhang B, Dai M, Tang YM. Unilateral versus bilateral kyphoplasty for
osteoporotic vertebral compression fractures. Adv Mater Res. 2011;393-395:
1064–8.

25. Yan L, Jiang R, He B, Liu T, Hao D. A comparison between unilateral
transverse process-pedicle and bilateral puncture techniques in
percutaneous kyphoplasty. Spine. 2014;39:B19–26.

26. Lee JH, Lee D-O, Lee J-H, Lee H-S. Comparison of radiological and clinical
results of balloon kyphoplasty according to anterior height loss in the
osteoporotic vertebral fracture. Spine J. 2014;14:2281–9.

Lin et al. Journal of Orthopaedic Surgery and Research  (2018) 13:140 Page 8 of 8


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patients
	Surgical procedure
	Radiographic findings
	Clinical outcomes
	Statistical analysis

	Results
	Demographic data
	Radiographic parameters
	Correlations between parameters
	Clinical outcomes

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Competing interests
	Publisher’s Note
	References

