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Purpose: This study aimed to compare the demographic features (including total cost), 
surgical effects, radiographic parameters, and complications of kyphoplasty (KP) and verteb
roplasty (VP) in the hyperextension (HP) and neutral positions (NP) and to assess their efficacy 
and cost-effectiveness for treating single-level osteoporotic vertebral compression fractures 
(OVCF).
Patients and Methods: This was a retrospective analysis of 245 consecutive patients who 
underwent KP or VP from February 2018 to February 2019 with observation on 
postoperative day 2 and at the one-year follow-up. The first 122 patients (86 KP and 36 
VP cases) were treated in the neutral position, and the remaining 123 in the hyperextension 
position (90 VP and 33 KP cases). Back pain and impact on daily life were evaluated. Cobb’s 
angle and the ratio of the anterior (AR) and middle vertebral (MR) bodies were the main 
radiographic parameters. The chi-square test, one-way analysis of variance (ANOVA), 
repeated measurement ANOVA, and post hoc tests (Bonferroni adjustments) were used for 
statistical analysis.
Results: There were no significant differences in the demographic features, operation time, 
or rate of re-fracture at the one-year follow-up among the groups. The rate of cement leakage 
was significantly lower in the HPVP group than in the NPKP group. The total cost was 
significantly lower in the VP groups than in the KP groups. At the one-year follow-up, back 
pain was significantly lower in the HPVP group than in the NPKP group. The Oswestry 
Disability Index, Cobb’s angle, AR, and MR in the HPVP group were similar to those in the 
NPKP and HPKP groups, but better than those in the NPVP group.
Conclusion: HPVP can achieve better pain relief, and similar disability scores, Cobb’s 
angle, AR and MR recovery, with a lower total cost, compared with NPKP. HPVP is the most 
economically efficacious treatment for OVCF.
Keywords: cement leakage, Cobb’s angle, kyphosis, surgical outcome, vertebral height

Introduction
Osteoporotic vertebral compression fracture (OVCF) is a common consequence of 
osteoporosis.1 OVCF may result in acute or chronic pain, impaired mobility, height 
loss, spinal deformity, reduced pulmonary function, depression, osteoporosis pro
gression, and even mortality.2–4 Although patients with mild symptoms can be 
treated with bed rest and analgesia, most patients cannot tolerate non-surgical 
treatment due to the additional complications related to immobilization.2 
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Minimally invasive surgery, including percutaneous ver
tebroplasty (VP) and kyphoplasty (KP), has been demon
strated to be safe and efficacious.5–8 Most importantly, it 
has also been proven effective in reducing the risk of 
mortality.9 Thus, in recent decades, it has become the first- 
line treatment for OVCF.2,10,11

One of the main disadvantages of both KP and VP is 
that satisfactory restoration may not be obtained. Thus, 
surgeons have opted for various improved surgical techni
ques. A review of the literature revealed reports on the 
performance of KP or VP12,13 in the hyperextension posi
tion with satisfactory results. However, to our knowledge, 
no reports compared the surgical effects, radiographic 
parameters, and complications of KP in the hyperextension 
(HPKP) and neutral positions (NPKP), and of VP in the 
hyperextension (HPVP) and neutral positions (NPVP). 
The objective of this retrospective study was to determine 
the most efficacious and economical surgical procedure for 
OVCF.

Methods
Setting
We retrospectively reviewed the records of 245 consecu
tive patients who were diagnosed with OVCF and under
went KP or VP in our spine center from February 2018 to 
February 2019. All the patients were observed and 
assessed at admission, on postoperative day 2 (POD2) 
after mobilizing from the bed, and at one-year follow-up. 
The first 122 patients (86 NPKP and 36 NPVP cases) were 
treated in the neutral position. We then learned that sur
gery in the hyperextension position may be more benefi
cial to the patients, so the 123 subsequent patients (90 
HPVP and 33 HPKP cases) were treated in this way. All 
patients underwent preoperative X-rays, computed tomo
graphy (CT), and magnetic resonance imaging (MRI) to 
clarify the diagnosis and to assess the radiological 
parameters.

Participants
The criteria for inclusion in this study were as follows: 1) 
conformance with the criteria of the Chinese guidelines for 
the diagnosis and treatment of osteoporosis, namely the 
occurrence of a fragility fracture (vertebral fracture result
ing from low-energy trauma, quantified by the World 
Health Organization as forces equivalent to a fall from 
a standing height or below), or a T-score of bone mineral 
density (BMD)≤−2.5 standard deviations (SD);14 –16 2) 

single-level vertebral fracture; 3) fracture at the thoraco
lumbar region (T10-L2); and 4) disease duration of under 
three weeks. The exclusion criteria included the follow
ing: 1) infection, primary and metastatic spinal tumors, 
multiple myeloma; 2) neurological symptoms (any com
plaints of leg and/or perineal numbness and/or weakness); 
and 3) inability to undergo MRI to make a definite diag
nosis of single-level OVCF. The study design was 
approved by the ethics board of Yantaishan Hospital (per
mit number 2020002), and consent to use the data and 
images was signed by each patient and their relatives.

Variables and Data Measurement
The demographic details (including age, gender, body 
mass index (BMI), duration from trauma to surgery, and 
total cost), operative information (including level of 
affected vertebrae, operation time, and injected cement 
volume), radiological data (including BMD, pre- and post
operative X-rays), and complications (including cement 
leakage and re-fracture) were collected and analyzed. 
The most severe overall back pain was assessed using 
the visual analog scale (VAS) score, and the impact on 
the patients’ daily lives was evaluated by the Oswestry 
Disability Index (ODI). To eliminate individual differ
ences, we compared the ratio of the anterior (AR, anterior 
height of vertebral body/posterior height of vertebral body 
on lateral X-ray photograph) and middle vertebral bodies 
(MR, middle height of vertebral body/posterior height of 
vertebral body on lateral X-ray photograph) instead of the 
absolute heights of the anterior and middle vertebral 
bodies. These two ratios and the vertebral Cobb’s angle 
(taking the affected vertebrae as the center, the angle 
between the horizontal line of the upper vertebral body’s 
upper-end plate, and the lower vertebral body’s lower-end 
plate) were measured using lateral X-rays, and they were 
the main radiographic parameters for comparison. All the 
operations were performed by an experienced senior spinal 
surgeon. One junior doctor, blinded to the aim of the 
research, documented the demographic features, operative 
information, VAS and ODI scores, and complications. Two 
doctors, experienced in treating spinal disorders and 
blinded to the aim of the research, analyzed the aforemen
tioned data in the preoperative period, on POD2 when the 
patient mobilized from bed, and at the one-year follow-up. 
The average value of their measurements was the final 
result, and if there was a marked difference (the two 
measurements of the Cobb's angle differed by 5°, or the 
AR and MR differed by 5%), a more experienced senior 
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doctor, also blinded to the research, remeasured the images 
to eliminate the error.

Surgical Technique
All patients were instructed to lie prostrate for approxi
mately half an hour twice a day prior to the operation.

The surgical instruments for VP and the balloon for KP 
were purchased from Shanghai Kinetic Medical Co. Ltd. 
(Shanghai, China). The bone cement (Mendec Spine) was 
obtained from Tecres SPA (Sommacampagna VR, Italy).

To perform HPVP and HPKP13,17,18, the patient was 
first put in the prone position, with multiple pillows under 
the chest and ilium to suspend the abdomen. One solid 
paddle was placed under both thighs to maintain the whole 
body in the hyperextension position. Second, a G-arm 
X-ray machine (WHALE, Boston, USA) was positioned 
to take simultaneous anterior–posterior and lateral X-rays. 
Third, the operator gently pressed the back of the patient 
until the pain could no longer be tolerated. This was 
maintained for one minute to achieve maximum hyperex
tension. Fourth, after sterilization, local anesthesia (0.5% 
lidocaine, Shandong Hualu Pharmaceutical Co. Ltd, 
Liaocheng, China) was applied via multipoint injections, 
including of the local muscle, fascia, and the articular 
capsule. Fifth, VP or KP was performed in the hyperexten
sion position. In a systematic review by Yang et al, the 
bilateral approach was not found to be superior to the 
unilateral approach.19 Therefore, the unilateral transverse 
process-pedicle approach, which can reach the contralat
eral part of the vertebral body, was used.20–22 The injection 
process was monitored continuously under G-arm fluoro
scopy. The procedure was stopped immediately if high 
resistance was encountered or if the bone cement came 
near to the posterior wall of the vertebral body. The 
amount of injected cement was noted. The patients were 
kept on bed rest for approximately six hours postprocedu
rally. A typical case is shown in Figure 1.

To perform NPVP or NPKP, the patient was placed in 
the prone position on a specially made silicon pad with 
a hole for the abdomen. No restoration maneuver was 
performed, and the unilateral transverse process-pedicle 
approach puncture and bone cement injection were applied 
under observation on the G-arm monitor. In KP, balloon 
dilation was performed before the bone cement injection.

Statistical Methods
Continuous variables, including age, BMI, BMD, duration, 
operation time, injected cement volume, total cost, VAS, 

ODI, and radiographic parameters (Cobb’s angle, AR and 
MR) are expressed as mean ± standard deviation. 
Categorical variables, including gender, affected levels, 
cement leakage rate, and re-fracture rate, are expressed 
as frequencies and/or percentages. Chi-square tests were 
performed to compare gender, affected level, rate of 
cement leakage, and rate of re-fracture among the groups. 
One-way analysis of variance (ANOVA) was performed to 
compare age, BMI, BMD, duration of disease, operation 
time, injected bone cement, and total cost. After one-way 
ANOVA testing, post hoc tests (Bonferroni adjustments) 
were performed to obtain the pairwise comparison for 
injected bone cement and total cost among the four groups. 
Repeated measurement ANOVA tests were performed to 
compare VAS, ODI, Cobb’s angle, AR and MR. After 
repeated measurement analyses, post hoc tests 
(Bonferroni adjustments) among the four groups were 
conducted at the same timepoint. SPSS (Version 25.0, 
IBM Corp., Armonk, NY, USA) was used for statistical 
analysis. The significance level was set at P<0.05.

Results
The correlation data conformed to a normal distribution 
according to Levene’s test. The demographic and operative 
information of the different groups, and comparison values 
among the groups, are shown in Table 1. There were no 
significant differences in the mean age, gender composi
tion, BMI, BMD, duration of disease, affected levels, 
operation time, and rate of re-fracture at the one-year 
follow-up among the groups.

The volumes of injected bone cement were 6.02 ± 
0.85 mL, 6.53 ± 0.96 mL, 7.43 ± 0.89 mL, and 7.69 ± 
0.75 mL in the NPVP, NPKP, HPVP, and HPKP groups, 
respectively. The volume of the injected bone cement in 
the HPVP group was significantly lower than that in the 
HPKP group (P < 0.05), but similar to that in the NPVP 
and NPKP groups (P > 0.05). The rate of cement leakage 
was 33.33% (11/33) in the HPKP group, which was sig
nificantly lower than the 62.79% (54/86) in the NPVP 
group (P < 0.01) and the 54.44% (49/90) in the HPVP 
group (P < 0.05), but not significantly different from the 
55.56% (20/36) in the NPKP group (P > 0.05). There was 
no significant difference when comparing NPVP to NPKP, 
NPVP to HPVP, or NPKP to HPVP (P > 0.05). No 
neurological deficit or pulmonary embolism occurred in 
these four groups.

The total cost of the procedure was ¥29,110.20 ± 
1764.64 and ¥29,508.56 ± 1555.68 in the NPVP and 
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Figure 1 Typical case. An 81-year-old man experienced back pain for 18 days, especially when changing position, caused by falling and buttocks hitting the ground. The 
patient was neurologically intact. (A) Preoperative X-ray (lateral). (B) Neutral position preoperative computed tomography. The affected vertebrae showed a fracture, and 
the trabeculae of the other vertebra were sparse. (C) T1-weighted image of preoperative magnetic resonance imaging. The intravertebral cleft sign can be seen. (D) 
Hyperextension position at surgery. (E) Lateral X-ray after placement in hyperextension position. Anterior vertebral height recovery and Cobb’s angle reduction can be 
noted. (F) Lateral X-ray after balloon inflation. Endplate and middle vertebral height recovery can be seen. (G) Postoperative X-ray (lateral).
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HPVP groups, respectively (no significant difference). 
However, the costs were significantly higher (P < 0.01) 
in the NPKP (￥44,428.94 ± 3477.45) and HPKP 
(￥44,584.58 ± 3296.54) groups, although the costs in 
these two groups were not significantly different. The 
trends of the aforementioned three parameters are shown 
in Figure 2.

The changing trends, exact value, and comparison by 
repeated measurements of VAS, ODI, and radiographic para
meters (Cobb’s angle, AR, and MR) of the four groups are 
shown in Figure 3 and Table 2. For the VAS score, the values 
in the neutral position (both the NPVP and NPKP groups) at 
POD2 were significantly lower than that preoperatively (P < 
0.01) but similar to that at the one-year follow-up (P > 0.05), 
while the values in the hyperextension position (both the 

HPVP and HPKP groups) at the three time points had sig
nificant differences (P < 0.01). The ODI scores in the NPKP, 
HPVP, and HPKP groups at the three timepoints had signifi
cant differences (P < 0.01). For the Cobb’s angle and AR, all 
three groups (NPKP, HPVP, and HPKP) except the NPVP 
group showed Cobb’s angle and anterior vertebral height 
recovery on POD2 (P < 0.01), and the reductions decreased 
at the one-year follow-up (P < 0.01), although they were 
partly maintained (P < 0.01). For the MR, all four groups 
showed a trend of recovery on POD2 (P < 0.01), but the 
reductions decreased at the one-year follow-up (P < 0.01), 
although they were partly maintained (P < 0.05).

The preoperative values of VAS, ODI, and the radio
graphic parameters showed no significant differences 
among the groups (P > 0.05). The VAS scores in the 

Table 1 The Demographic, Operative Information Statistical Values, and P-values of Different Groups

Variables NPVP NPKP HPVP HPKP T/χ2/F P

Number 86 36 90 33

Age (years) 

Mean±SD

68.50±7.78 68.81±7.80 71.71±9.41 69.33±9.11 2.330 0.075

Gender 5.733 0.125
Male 18 10 23 14

Female 68 26 67 19

BMI (kg/m2) Mean±SD 24.73±2.94 25.41±2.98 24.49±2.98 23.68±2.55 2.145 0.095

BMD 
Mean±SD

−2.83±0.78 −2.98±0.80 −3.03±0.76 −2.67±0.78 2.131 0.097

Duration (days) Mean±SD 8.67±5.68 8.83±6.27 9.94±5.71 7.18±4.43 2.093 0.102

Affected level 10.264 0.593
T10 3 0 3 0

T11 12 6 13 5

T12 26 12 31 4
L1 29 13 27 15

L2 16 5 16 9

Operation time (min) 

Mean±SD

24.14±3.84 24.44±2.90 24.64±3.17 24.18±2.72 0.340 0.796

Injected cement volume (mL) Mean 

±SD

6.02±0.85 6.53±0.96 7.43±0.89 7.69±0.75 51.820 0.000**

Cement leakage (%) 54(62.79%) 20(55.56%) 49(54.44%) 11(33.33%) 8.365 0.039*

Re-fracture (%) 1(1.16%) 0(0%) 1(1.11%) 1(3.03%) 1.348 0.718

Total Cost (Chinese Yuan) Mean±SD 29,110.20 

±1764.64

44,428.94 

±3477.45

29,508.56 

±1555.68

44,584.58 

±3296.54

734.810 0.000**

Notes: *P < 0.05, **P < 0.01. 
Abbreviations: BMI, body mass index; BMD, bone mineral density; NPVP, vertebroplasty in neutral position; NPKP, kyphoplasty in neutral position; HPVP, vertebroplasty in 
hyperextension position; HPKP, kyphoplasty in hyperextension position; SD, standard deviation.
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HPVP and HPKP groups were significantly lower than 
those in the NPVP and NPKP groups, both on POD2 and 
at the one-year follow-up (P < 0.01).

The ODI scores in the HPVP group were similar to 
those in the NPKP and HPKP groups (P > 0.05), but 
significantly lower than that in the NPVP group, on both 
POD2 and at the one-year follow-up (P < 0.01).

The values for Cobb’s angle in the HPVP group were 
similar to those in the NPKP and HPKP groups (P > 0.05), 
but significantly smaller than that in the NPVP group, both 
on POD2 and at the one-year follow-up (P < 0.01). The 
values for both the AR and MR in the HPVP group were 
similar to those in the NPKP and HPKP groups (P > 0.05), 
but were significantly higher than those in the NPVP 
group, both on POD2 (P < 0.05) and at the one-year 
follow-up (P < 0.01).

Discussion
Pre- and postoperative analysis of VAS, ODI, Cobb’s 
angle, AR, and MR indicated that NPVP, NPKP, HPVP, 

and HPKP were all effective for OVCF treatment. HPVP 
can achieve similar pain relief compared with the HPKP 
group, but lower pain scores compared with the NPVP and 
NPKP groups both on POD2 and at the one-year follow- 
up. HPVP can also achieve similar disability scores com
pared with the NPKP and HPKP groups, but better scores 
compared with NPVP, both on POD2 and at the one-year 
follow-up. Analysis of the Cobb’s angle, AR, and MR 
suggested that HPVP achieved better kyphosis, anterior 
vertebral body height, and middle vertebral body height 
recovery on POD2, and better maintenance, than did 
NPVP; the values were similar to NPKP and HPKP at 
the one-year follow-up. The HPKP group had the lowest 
cement leakage rate. The rate in the HPVP group was 
similar to that in the NPKP group, and lower than that in 
the NPVP group. When considering only the total cost, 
HPVP was the most economically efficacious treatment 
for OVCF at the one-year follow-up.

Our literature review revealed that few publications 
compared VP to KP for treatment of OVCF. Cheng et al2 

Figure 2 Box or line chart of cement volume injected, cement leakage rate and total cost. (A) Box chart of cement volume injected. The cement volumes injected were 
similar in the HPVP and HPKP groups (P>0.05), were significantly higher than in the NPKP group (P<0.01), and, further, were significantly higher than in the NPVP group 
(P<0.01). (B) Line chart of cement leakage rate. The leakage rate was lowest in the HPKP group, but was not significantly different from that in the NPKP group (P>0.05). 
The leakage rate in the HPVP group was similar to that in the NPKP group (P>0.05), but lower than that in the NPVP group, although the difference was not significant 
(P>0.05). (C) Box chart of total cost. The total costs were similar in the NPVP and HPVP groups (P>0.05), and in the NPKP and HPKP groups (P>0.05). The cost to perform 
VP (both NPVP and HPVP) was significantly less (P<0.01) than that to perform KP (both NPKP and HPKP). 
Abbreviations: NPKP, neutral position kyphoplasty; NPVP, neutral position vertebroplasty; HPKP, hyperextension position kyphoplasty; HPVP, hyperextension position 
vertebroplasty; VP, vertebroplasty; KP, kyphoplasty.
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Figure 3 Line chart of VAS, ODI, and radiographic parameters. (A) Changing trend of VAS in the four groups. All groups showed downward trends at the three time points. 
Repeated measurements showed that the values at POD2 were significantly lower than those preoperatively (P<0.01) but similar as those at the one-year follow-up (P>0.05) 
in the neutral position (both NPVP and NPKP groups), while the values in the hyperextension position (both the HPVP and HPKP groups) at the three time points had 
significant differences (P<0.01). (B) Changing trend of ODI in the four groups. All groups showed downward trends at the three timepoints. Repeated measurements 
showed that the value at POD2 was significantly lower than that preoperatively (P<0.01), but were similar to that at the one-year follow-up (P>0.05) in the NPVP group, 
while the values in the NPKP, HPVP, and HPKP groups at the three timepoints had significant differences (P<0.01). (C) Changing trend of the Cobb’s angle in the four groups. 
Repeated measurements showed that the three groups (NPKP, HPVP, and HPKP) other than the NPVP group experienced Cobb’s angle recovery on POD2 (P<0.01) and 
that the reductions decreased at the one-year follow-up (P<0.01), although they were partly maintained (P<0.01). Although the Cobb's angle in the NPVP group showed 
recovery on POD2 (P<0.01), the recovery was lost, and the values returned to the initial preoperative level at the one-year follow-up (P<0.05). (D) Changing trend of AR in 
the four groups. Repeated measurements showed that the three groups (NPKP, HPVP, and HPKP) other than the NPVP group experienced AR recovery on POD2 (P<0.01) 
and that the reductions decreased at the one-year follow-up (P<0.01), although they were partly maintained (P<0.01). Although AR in the NPVP group showed recovery on 
POD2 (P<0.01), the recovery was lost, and the values returned to the initial preoperative level at the one-year follow-up (P>0.05). (E) Changing trend of MR in the four 
groups. Repeated measurements revealed that all four groups showed a trend in MR towards recovery on POD2 (P<0.01) but the reductions decreased at the one-year 
follow-up (P<0.01), although they were partly maintained (P<0.05). 
Abbreviations: NPKP, neutral position kyphoplasty; NPVP, neutral position vertebroplasty; HPKP, hyperextension position kyphoplasty; HPVP, hyperextension position 
vertebroplasty; VAS, visual analog score; ODI, Oswestry Disability Index; AR, anterior vertebral body ratio; MR, middle vertebral body ratio.
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analyzed 338 patients and found no significant differences 
in the VAS and ODI in the VP and KP groups. Similarly, 
Wang et al23 performed a cohort study comparing VP and 
KP treatment of OVCF, and found no significant differ
ences between the groups. A meta-analysis published in 
20196 considered the comparative efficacy of VP and KP 
on analgesia and disability. Our data showed that HPVP 
had comparable efficacy with NPKP on ODI, which sup
ported this finding. There were fewer references compar
ing Cobb’s angle, AR, and MR between VP and KP. Wang 
et al23 found that the use of KP to treat severe OVCF 
(compression ratio >40%) achieved significantly better 
anterior height and local kyphotic angle recovery than 
did VP, both on POD1 and at the final follow-up. 
However, in our cohort, there were no significant differ
ences between the Cobb’s angle and AR among the NPKP, 
HPVP, and HPKP groups, either on POD2 or at one year 
postoperatively. The explanation may be, in our experi
ence, that the hyperextension position can achieve similar 
efficacy in reduction to that of balloon dilation. In the 
hyperextension position, further balloon inflation may 
reach alert pressures easily, and may fail to achieve further 
Cobb’s angle and anterior vertebral height recovery.

Previous research has demonstrated that segmental 
kyphosis shortened the anterior column and increased the 
load on adjacent vertebral bodies, thereby heightening the 
risk of adjacent segment fractures.24,25 Thus, maximal 

kyphosis correction should be a target in the treatment of 
OVCF. In our study, all groups other than the NPVP group 
attained some degree of kyphosis correction at the one- 
year follow-up. HPVP can achieve better Cobb’s angle 
recovery than can NPVP, and was comparable to NPKP 
and HPKP. Some researchers have demonstrated that 
kyphosis can induce lower back pain.26,27 The VAS and 
ODI score achieved by HPVP was lower than that of 
NPVP, and appeared consistent with the Cobb’s angle 
recovery, both on POD2 and at the one-year follow-up. 
This may be due to better kyphosis correction in the HPVP 
group. Similar results have been reported previously.12 

Our results showed that AR and MR recovery was better 
in the HPVP than in the NPVP group, and was similar to 
that in the NPKP and HPKP groups, both on POD2 and at 
the one-year follow-up. This may be because when the 
patient was placed in the hyperextension position, the 
anterior vertebral body could recover under the stretch 
stress of the anterior longitudinal ligament.13 This 
mechanism does not exist in the middle of the vertebral 
body. However, the balloon can dilate the space between 
the superior and inferior endplates. Thus, theoretically, 
patients in whom KP was performed should have achieved 
better MR recovery. However, in our experience, the 
improvement in MR was not apparent in most patients 
after balloon inflation. This was because the MR had 
recovered to some extent in the hyperextension position; 

Table 2 Exact Values and Repeated Measurements of VAS, ODI and Radiographic Parameters

Preoperative POD2 One-Year Follow-Up

NPVP NPKP HPVP HPKP NPVP NPKP HPVP HPKP NPVP NPKP HPVP HPKP

VAS 6.33 

±1.96

6.72 

±1.91

6.74 

±1.92

6.73 

±1.84

2.17 

±0.90

1.94 

±0.86

1.28 

±0.94b,d

1.24 

±0.87b,d

2.06 

±0.76

1.78 

±0.64

1.04 

±0.72b,d

0.97 

±0.73b,d

ODI 

(%)

69.40 

±20.34

70.13 

±21.36

68.72 

±20.51

65.94 

±23.55

21.91 

±9.40

21.70 

±13.99

16.21 

±12.42b

13.12 

±12.50b,c

20.81 

±9.09

16.82 

±8.13

12.50 

±9.42b

8.33 

±11.45bd

Cobb 

(°)

11.94 

±5.18

12.11 

±5.19

12.90 

±5.65

12.27 

±5.23

10.69 

±4.80

9.53 

±4.51

7.67 

±4.44b

7.68 

±4.53b

11.90 

±4.87

10.48 

±4.69

8.39 

±4.48b

8.34 

±4.55b

AR 

(%)

72.49 

±11.27

71.00 

±12.52

69.55 

±13.71

72.97 

±11.23

76.48 

±10.31

78.24 

±8.70

81.35 

±10.79b

83.33 

±8.71b

74.12 

±10.75

76.73 

±8.87

79.81 

±10.64b

81.55 

±8.70b

MR 

(%)

58.54 

±10.67

59.26 

±10.54

56.48 

±12.15

60.87 

±9.29

63.39 

±8.39

64.90 

±7.96

67.27 

±8.76a

68.92 

±5.87b

61.12 

±8.50

62.33 

±8.43

65.34 

±8.76b

66.96 

±6.12b

Notes: Values are expressed as mean±standard deviation. aP < 0.05 compared with the value of NPVP group at the same time point, abP < 0.01 compared with the value of 
NPVP group at the same time point, cP < 0.05 compared with the value of NPKP group at the same time point, dP < 0.01 compared with the value of NPKP group at the 
same time point. 
Abbreviations: POD2, second-day post operation; VAS, visual analog scale score; ODI, Oswestry Disability Index; AR, ratio of anterior vertebral body; MR, ratio of middle 
vertebral body; NPVP, vertebroplasty in neutral position; NPKP, kyphoplasty in hyperextension position; HPVP, vertebroplasty in hyperextension position; HPKP, kyphoplasty 
in hyperextension position.
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further balloon inflation may reach the alert pressure more 
easily before further MR recovery.

Cement leakage is one of the main complications in VP 
and KP. Our results showed that the percentage of patients 
with cement leakage in the HPVP group was similar to that in 
the NPVP and NPKP groups, but higher than that in the 
HPKP group. It should be noted that all the percentages 
appeared to be very high in our cohort, relative to other 
studies. Wang et al23 reported a 26.3% prevalence of cement 
leakage; however, the average cement volume they injected 
was 3.2 ± 1.0 mL. Our cement volumes were 6.02 ± 0.85 mL, 
6.53 ± 0.96 mL, 7.43 ± 0.89 mL, and 7.69 ± 0.75 mL in the 
NPVP, NPKP, HPVP, and HPKP groups, respectively, which 
are markedly higher than those of Wang et al.23 Higher 
volumes were related to the surgical procedures we per
formed. The higher the volume of cement injected, the 
greater the ratio of leakage would be. Some researchers 
have reported that comparatively diffused pattern bone 
cement was superior to solid lump distribution pattern for 
OVCFs.28,29 Thus, we attempted to obtain diffused pattern 
bone cement in all cases to prevent further re-collapse and re- 
fracture. Sometimes, we stopped the injection when minor 
leakage was noticed from the anterior edge of the vertebral 
body, or the superior or inferior endplate, to achieve the 
diffused pattern of bone cement. This was the main reason 
for our comparatively high leakage rate.

China constitutes one-fifth of the global population, and 
the prevalence of osteoporosis has been rising over the past 
few decades in parallel with an aging population.15,16 OVCF 
is the most common complication of osteoporosis, and leads 
to chronic back pain, reduced activity, depression, and even 
increased mortality.15 In China, between 2015 and 2017, 
nearly one-third of OVCF inpatients underwent VP or KP. 
The high cost of treating OVCF placed a high economic 
burden on both the healthcare system and patients.15 Thus, 
finding an economical and efficient method for treating 
OVCF is essential. According to our data, HPVP is nearly 
half the cost of NPKP and can achieve comparative kyphosis 
recovery and better analgesia, without increasing the opera
tion time and rate of complications. The total cost savings are 
significant, based on the large population of China; therefore, 
HPVP is worth promoting vigorously for the treatment of 
OVCF.

This study has some limitations. It is a retrospective 
comparative study, and no method was used to ensure 
unbiased randomization of the four groups. Additionally, 
the patient sample size was small, and data on longer-term 
follow-up clinical outcomes were unclear, due to the finite 

follow-up duration. A prospective randomized controlled 
study with longer-term follow-up would better assess the 
clinical outcomes of HPVP for the treatment of OVCF.

Conclusion
HPVP can achieve better pain relief, and similar disability 
scores, and Cobb’s angle, AR, and MR recovery, with 
a lower total cost, compared to NPKP. When considering 
only the total cost, HPVP was the most economically 
efficacious treatment for OVCF at the one-year follow-up.
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