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Abstract
Background Osteoporotic vertebral compression fracture (VCF) is the third most frequent fragility fracture in the 
world. Conservative treatment, vertebroplasty, and kyphoplasty are all recognized therapies. However, diagnostic 
and therapeutic recommendations must be more consistent when comparing clinical guidelines. This study aims to 
compare the efficacy of vertebral augmentation therapy and conservative management for treating VCFs, the risk of 
subsequent complications, and the length of hospital stay.

Method All patients over 50 years old with a diagnosis of thoracic or lumbar VCF without underlying oncological 
process, treated conservatively or surgically, and consecutively attended at our department from January 2017 to 
June 2021 were retrospectively selected for analysis. Patients who missed follow-up or died during the first three 
months were excluded.

Results A total of 573 cases were selected for analysis. Most patients were treated conservatively (85.3%). Both 
groups were homogenous regarding epidemiological and clinical features. The median time elapsed to achieve 
pain relief was significantly lower in the surgical cohort (4.5 vs. 10 weeks, p < 0.001), and the proportion of patients 
reporting pain at the first outpatient visit was also significantly lower with a vertebral augmentation procedure 
(p = 0.004). The new fracture rate and the adjacent level rate did not differ significantly when comparing both 
treatments, whereas the progression of the diagnosed fracture was more frequent in the conservative group (4.8% vs. 
29.7%; p < 0.001). The median hospital stay was significantly lower in the conservative group (3 vs. 10 days; p < 0.001).

Conclusion Surgical treatment (vertebroplasty/kyphoplasty) of VCFs was associated with sooner pain relief without 
an increased risk of new or adjacent fractures. Moreover, the progression of treated fractures was significantly 
lower in the surgical cohort. The only unfavorable aspect was the more extended hospital stay compared with the 
conservative treatment group.
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Background
Osteoporotic vertebral compression fracture (VCF) is the 
third most frequent fragility fracture in the world, result-
ing in many cases in a long-lasting, painful, and disabling 
condition [1]. The risk of vertebral fracture increases in 
women over 50 years old, just as the risk of osteoporo-
sis does. Thus, the risk of suffering a VCF in a 50-year-
old woman reaches 40% in her lifetime. On the contrary, 
the risk of proximal femoral fracture is higher in patients 
over 75 years old [2]. Moreover, VCF incidence is 10 
times higher than femoral fracture incidence and may not 
be related to falls, unlike other site fractures, which are 
secondary to trauma [2]. While fall prevention focuses on 
active life, exercise, vitamin D intake, and environment-
home adaptation, fracture prevention has yet to be well 
established [2]. When considering secondary prevention 
of osteoporotic VCF, different drugs such as bisphospho-
nates, parathyroid hormone, denosumab, and selective 
estrogen receptor modulators have been demonstrated 
useful [3].

Conservative treatment (bed rest, brace, analgesics), 
vertebroplasty, and kyphoplasty are all recognized ther-
apies for managing VCF. There is an increasing number 
of systematic reviews of the literature and meta-analy-
ses that highlight the efficacy of vertebral augmentation 
through percutaneous vertebroplasty or kyphoplasty for 
managing VCF compared with conservative treatment 
[4–6]. However, the Cochrane review concluded that 
this effect might be overestimated and, therefore, the real 
impact may be lacking [7]. According to several studies, 
vertebroplasty and kyphoplasty have been associated 
with better pain relief when compared with non-inva-
sive management [4–6, 8–10]. Moreover, they have been 
proven beneficial in cancer-related VCFs [11]. These 
surgical therapies have also been associated with better 
physical function and quality of life [4, 5], even though 
other data disagree [9]. Finally, lower mortality excess 
has been attributed to surgery in fragile patients [12]. 
Nevertheless, diagnostic and therapeutic recommenda-
tions are usually inconsistent when comparing different 
clinical guidelines [13]. Thus, the American Academy of 
Orthopedic Surgeons has advised against vertebroplasty 
for treating osteoporotic VCFs [13].

The aim of this study is to compare the efficacy of ver-
tebral augmentation therapy and conservative manage-
ment for the treatment of VCF, the risk of subsequent 
complications (not only new vertebral fracture but also 
treated vertebra re-fracture), and the length of hospital 
stay.

Methods
A single-center, retrospective cohort study was designed 
to assess the presence or absence of pain, and the inci-
dence of new fractures or the progression of the known 

fracture in VCFs when comparing percutaneous verte-
bral augmentation therapy (vertebroplasty/kyphoplasty) 
and conservative management (orthosis). The study was 
approved by the local Ethics Committee of Puerta de 
Hierro University Hospital (reference 157/21) and was 
conducted in accordance with the 1964 Helsinki Decla-
ration and its later amendments or comparable ethical 
standards. This study is reported following the STROBE 
guidelines [14].

Patient selection
All patients over 50 years old diagnosed with acute tho-
racic or lumbar VCF at levels T5 to L5, in the absence of 
underlying oncological process, treated conservatively or 
surgically and consecutively attended at our department 
from January 1st of 2017 to June 30th of 2021 were ret-
rospectively selected for analysis. Patients who missed 
follow-up and those who died during the first three 
months following diagnosis were excluded. Patients hav-
ing undergone percutaneous vertebroplasty or kypho-
plasty were allocated to the surgical cohort, while those 
managed with a brace were assigned to the conservative 
cohort. In those cases with patients presenting a cross-
over in the treatment, only the first therapy was consid-
ered since some variables, such as pain assessment, could 
be interfered with.

Individual surgeon’s preference was the main factor for 
therapy assignment. Patient preference and comorbidity 
were also determinants in a minority. In our department, 
half of neurosurgeons treat these fractures with a brace, 
whereas the remaining half offer the patient the possibil-
ity to treat the fracture with a brace or surgery. Then, the 
patient decides. Only in a few specific cases, according to 
patients’ features, the doctor recommends only vertebral 
augmentation.

Non-surgical management consisted of analgesics and 
a back brace whenever the patient was incorporated 
-sitting or standing- until the clinician’s decision. The 
standard of care in our hospital involves bracing for all 
patients managed conservatively. This includes different 
types of devices, but the most frequently used are the 
Jewett brace (T5-T10 levels) and thermoplastic thoraco-
lumbar or lumbosacral orthosis (T10-L5 levels).

Dependent variables
Pain relief was assessed by the presence or absence of 
pain as referred by the patient at the first outpatient visit 
(8 or 12 weeks of follow-up) as well as the time interval 
with pain (number of weeks).

A new fracture was defined as a fracture in a different 
vertebra from the treated one, which could be adjacent or 
distant to it.

Progression fracture was defined as the increase in the 
height loss of the vertebral body measured in the sagittal 
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plane using plain X-ray, computed tomography, or mag-
netic resonance image (MRI).

The length of brace use was measured in weeks. This 
variable was included since many patients complain 
about the discomfort of wearing the orthosis.

Hospital stay was defined as the length of stay (number 
of days) at the hospital, including prior and after treat-
ment, whichever this was.

Independent variables
Epidemiological, clinical, diagnostic, and therapeutic 
variables were registered in the database, including gen-
der, age, history of cancer, chronic steroid use, history of 
previous vertebral fracture, prior diagnosis of osteopo-
rosis, active use of anti-osteoporosis drugs (calcium, D 
vitamin, bisphosphonates, among others), mechanism of 
the fracture, spinal segment involved, multiple fractures 
at diagnosis, presence of spinal tenderness and length of 
follow-up.

Statistical analysis
Database information was processed and analyzed 
employing StataCorp. 2019 (Stata Statistical Software: 
Release 16. College Station, TX: StataCorp LLC). Numer-
ical variables represented by the mean and standard 
deviation (SD) were contrasted with the Student-T test, 
whereas those represented by the median (percentiles 25 
and 75 as dispersion measure) were contrasted with the 
Mann-Whitney U test. The Chi-square test was used in 

categorical variables and absolute and relative frequen-
cies as the description measure. All percentages were cal-
culated per patient. The considered level of significance 
was 5%. All p-values were based on two-tailed tests of 
significance. 

Results
A total of 687 consecutive fractures were recorded. 
Incomplete follow-up excluded 85 cases, and another 25 
patients died during the first three months after diagno-
sis. Four patients with initial conservative management 
required vertebral augmentation due to poor fracture 
evolution, so the second procedure was excluded. Then, 
573 cases were finally analyzed. Data showed female 
prevalence (71.7%) and mean age at diagnosis of 74.5 
(SD 10.3) years old. The baseline characteristics of both 
cohorts are summarized in Table  1. Most patients were 
treated conservatively (85.3%), and no adverse events 
happened after surgical treatment.

The median time elapsed until achieving pain relief 
was significantly lower in the surgical cohort (4.5 vs. 10 
weeks, p < 0.001), and the proportion of patients report-
ing pain at the first outpatient visit (8–12 weeks from 
diagnosis) was also significantly lower when they under-
went a vertebral augmentation procedure (p = 0.004). The 
new fracture rate and the adjacent level rate did not differ 
significantly after both treatments. In contrast, progres-
sion or re-fracture of the diagnosed fracture was signifi-
cantly more frequent in the conservative cohort (29.7% 

Table 1 Comparison of baseline characteristics
VARIABLE OVERALL (n = 573) CONSERVATIVE TREAT-

MENT  (n = 489)
SURGICAL TREATMENT  
(n = 84)

p 
value

Mean Age, yr (SD) 74.5 (10.3) 74.6 (10.4) 73.8 (10.0) 0.497
Gender Female, n (%) 411 (71.7) 351 (71.8) 60 (71.4) 0.947
History of cancer, n (%) 115 (20.1) 96 (19.3) 19 (22.6) 0.528
Chronic steroid treatment, n (%) 77 (13.4) 67 (13.7) 10 (11.9) 0.656
Previous fracture, n (%) 163 (28.5) 128 (26.2) 35 (41.6) 0.004
Osteoporosis-diagnosis, n (%) 195 (34.0) 160 (32.7) 35 (41.7) 0.110
Osteoporosis-therapy, n (%) 180 (31.7) 150 (31.0) 30 (35.7) 0.390
Mechanism of fracture, n (%) 0.326
Spontaneous 137 (24.0) 115 (23.5) 22 (26.2)
Fall 346 (60.5) 293 (59.9) 53 (63.1)
Overexertion 59 (10.3) 51 (10.4) 8 (9.5)
High-energy trauma 30 (5.2) 29 (5.9) 1 (1.2)
Spine segment, n (%) 0.893
Dorsal 219 (38.2) 186 (38.0) 33 (39.3)
Lumbar 292 (51.0) 251 (51.3) 41 (48.8)
Dorsal & lumbar 62 (10.8) 52 (10.6) 10 (11.9)
Posterior wall injury (type A3 & A4 AOSpine clas-
sification), n (%)

121 (22.3) 96 (20.9) 25 (29.8) 0.073

Multiple level, n (%) 134 (23.4) 110 (22.5) 24 (28.6) 0.224
Midline spine tenderness, n (%) 382 (72.3) 315 (70.6) 67 (81.7) 0.039
Median follow-up, wk (IQR) 20.5 (12; 29) 21 (13; 29) 15 (8; 27) 0.155
IQR: interquartile range; SD: standard deviation; wk: week; yr: year
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vs. 4.8% in the surgical group, p < 0.001). The median 
time elapsed until a progression of the fractured verte-
bra was diagnosed (due to symptoms or in a radiological 
follow-up) was 9 weeks, and no difference was observed 
between both treatment groups. In contrast, the median 
time elapsed until a new fracture of a different verte-
bra was diagnosed was slightly inferior in the conserva-
tive group (9 weeks) compared to the surgical group (11 
weeks). Finally, the median hospital stay was significantly 
lower in the conservative group (3 vs. 10 days, p < 0.001), 
whereas the median time interval with a brace was sig-
nificantly lower in the surgical cohort (0 vs. 12 weeks, 
p < 0.001). Table 2 summarizes the outcome results.

Discussion
According to the results, vertebral augmentation treat-
ment of VCFs was associated with sooner pain relief in 
the absence of an increased risk of new or adjacent frac-
tures. Moreover, the progression of treated fractures was 
significantly lower in the surgical cohort. The only unfa-
vorable aspect was the more extended hospital stay com-
pared with the conservative treatment group.

Clinical management of VCFs remains controversial 
despite the increasing evidence of vertebral augmenta-
tion safety and efficacy in treating VCFs [13]. The com-
parison of percutaneous vertebroplasty with a sham 
procedure demonstrated a significant reduction in pain 
regarding the preoperative condition and the analgesic 
intake in both groups. Still, no difference was observed 
between both techniques [7, 15]. When comparing verte-
broplasty with kyphoplasty, both procedures seem to be 
beneficial for pain relief and daily physical function [16], 
but results show similar clinical outcomes between both 
techniques in some cases [17, 18], whereas other studies 
outline the superiority of kyphoplasty [19]. Most studies 
quantify pain decrease with the visual analog scale [4, 6]. 
The results hereby obtained also show sooner relief with 
surgical management. Radiological results have also been 
reported (kyphotic angle, vertebra height), with consen-
sus on the superiority of kyphoplasty over vertebroplasty 

[17–19]. Finally, cement leakage has been extensively 
demonstrated to be inferior with kyphoplasty [16–18].

An important outcome widely reported after VCF diag-
nosis is the presence of a new vertebral fracture, which 
may be distant or adjacent to the primary one. Even 
though occasional studies report a reduced rate with ver-
tebroplasty [5], most evidence points out no significant 
difference between vertebral augmentation procedures 
and conservative treatment [7, 8, 10, 20–24], a fact that 
is confirmed by the results now detailed. No difference 
has been described when comparing vertebroplasty and 
kyphoplasty [19, 25]. The time elapsed until a new verte-
bral fracture diagnosis is variable, but no difference has 
been reported among different treatment groups [26], 
as it occurs in the present research. Risk factors for new 
fracture following vertebroplasty have been identified 
(low bone mineral density, high spinal deformity index, 
low fracture age, thoracolumbar localization, vicinity to 
the treated level), and the presence of intradiscal cement 
leakage (and the volume of cement) has been considered 
strongly associated with it [27]. The limit between predis-
position to this condition and the natural history of the 
disease must be established.

Progression or re-fracture of the treated vertebra has 
received less attention in the meta-analyses that compare 
vertebral augmentation with conservative therapy but 
has been occasionally analyzed [26]. The reported inci-
dence varies from less than 1–63% [28–31], with a cumu-
lative rate of 10% [29]. In the series hereby reported, 
almost 30% of patients that were managed conservatively 
showed vertebral re-fracture, which may be associated 
with worse pain control or more extended bracing, and 
that must be considered when choosing any therapy. 
Thus, the re-fracture rate was significantly higher when 
a brace was used rather than following vertebral aug-
mentation. These results are similar to those observed in 
a randomized clinical trial, although in this latter case, 
rates were even higher (41% when conservative manage-
ment vs. 12% following vertebroplasty) [26]. This vari-
able has also been compared between vertebroplasty and 

Table 2 Comparison of outcome variables
VARIABLE OVERALL (n = 573) CONSERVATIVE TREAT-

MENT  (n = 489)
SURGICAL TREATMENT  
(n = 84)

p value

Pain at first outpatient visit (8–12 wk), n (%) 178 (31.5) 163 (33.8) 15 (18.1) 0.004
Median time to pain relief, wk (IQR) 10 (7; 14) 10 (8; 15) 4.5 (1; 8.25) < 0.001
New fracture, n (%) 58 (10.1) 48 (9.8) 10 (11.9) 0.558
Adjacent level 23 (48.9) 20 (41.7) 3 (30.0) 0.477
Median time to new fracture, wk (IQR) 9 (6; 14.75) 9 (6; 14.25) 11 (3.25; 20) 0.251
Fracture progression, n (%) 149 (26.0) 145 (29.7) 4 (4.8) < 0.001
Median time to progression, wk (range) 9 (7; 13) 9 (7; 13) 9 (5; 15.75) 0.841
Mean time interval with brace, wk (IQR) 12 (8; 16.75) 12 (9; 18) 0 (0; 0) < 0.001
Median hospital stay, dy (IQR) 4 (2; 9) 3 (2; 8) 10 (7; 13) < 0.001
dy: day; IQR: interquartile range; wk: week
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kyphoplasty, and the latter procedure seems to be associ-
ated with higher rates of progressive height loss [32].

A recent meta-analysis identifies risk factors for verte-
bral re-collapse following vertebroplasty: thoracolumbar 
junction fractures, preoperative intravertebral cleft, and 
solid lump cement distribution pattern [30]. A previous 
meta-analysis that also includes kyphoplasty procedures 
adds two more factors: preoperative severe kyphotic 
deformity and higher vertebral height restoration [29]. 
No similar meta-analysis has been performed in the case 
of conservative management. Still, the research published 
to date identifies age, thoracolumbar fracture, AOSpine 
type fracture, or a linear black area at MRI as predictive 
factors for progressive collapse [33–36]. Even though 
posterior wall injury is a relative contraindication for ver-
tebral augmentation due to cement leakage risk, the pro-
portion of A3 or A4 fractures (according to the AOSpine 
classification) was higher in the surgical group compared 
with the conservative management one, but no statisti-
cally significant difference was observed between both 
cohorts.

Hospital length of stay is another variable that has been 
vaguely considered when comparing VCF treatments and 
remains uncertain [37]. The prevalence of VCF hospital-
ization has been demonstrated to be higher in the case of 
ankylosing spondylitis when compared with other rheu-
matoid diseases or the general population [38]. However, 
almost all patients attending at our center are usually 
admitted until therapy is guaranteed (surgery or brace). 
The differences observed in this study are then related to 
the delay in surgery scheduling rather than postoperative 
care (which is often short), and it is a factor that provokes 
discomfort in patients since they undergo bed rest until 
surgery is performed. An extended hospital stay may also 
be related to higher costs, at least initially, since the cost-
effectiveness of vertebral augmentation is strongly associ-
ated with the assumed mortality benefit. Some data point 
out that vertebroplasty or kyphoplasty may lead to lower 
mortality. However, a causal link has not been definitively 
established [37].

Finally, many patients have reported discomfort with 
the use of the brace. Even though it is a temporary mea-
sure, it may interfere with the quality of life perceived 
by the patient. The mean length of use was significantly 
higher in non-surgical patients since it is exceptional to 
employ it after surgery. However, no conclusion can be 
inferred since the quality of life has yet to be registered.

Two main limitations must be outlined. The first one 
refers to the retrospective design of the study. This fact 
prevented quantifying pain relief using a visual analog 
scale since many surgeons don’t register this informa-
tion routinely at follow-up visits. Then, a qualitative 
method was chosen for pain evaluation, relying on anal-
gesic drug intake. The second one responds to the length 

of follow-up. It is noteworthy that follow-up was shorter 
following a vertebral augmentation procedure, a fact that 
may be explained since these patients had better (and 
sooner) control of pain. In contrast, those who received 
conservative management presented long-lasting pain 
and a higher re-fracture rate of the treated vertebra, 
which frequently involved more prolonged brace use and 
longer follow-up.

The second one responds to the length of follow-up. 
It is noteworthy that follow-up was shorter following 
a vertebral augmentation procedure, a fact that may be 
explained since these patients had better (and sooner) 
control of pain. In contrast, those who received conser-
vative management presented long-lasting pain and a 
higher re-fracture rate of the treated vertebra, which fre-
quently involved more prolonged brace use and longer 
follow-up.

Conclusions
Vertebral augmentation treatment (vertebroplasty/
kyphoplasty) of VCFs in patients over 50 was associ-
ated with sooner pain relief, but hospital stay was more 
extended than in the conservative treatment group. It 
also entailed a lower risk of progression of treated frac-
tures, but the risk of new fractures did not differ from 
conservative management with a brace.

Vertebroplasty or kyphoplasty must be considered in 
the management of VCFs in the elderly, particularly in 
fragile patients, since it may entail better pain control and 
earlier mobilization, avoiding needless brace.

Abbreviations
dy  Day
IQR  Interquartile range
MRI  Magnetic resonance image
SD  Standard deviation
VCF  Vertebral compression fracture
wk  Week
yr  Year

Acknowledgements
Not applicable.

Authors’ contributions
RGG conceived the study, participated in its design, carried out data collection 
and drafted the manuscript; AR: participated in the design of the study and 
performed statistical analysis; she also revised the manuscript for intellectual 
content; AZ: carried out data collection and critical review of the manuscript 
for intellectual content; All authors approve the final manuscript and accept 
full responsibility for the design and conduct of the work.

Funding
No funding was received for conducting this study.

Data Availability
The datasets generated and/or analyzed during the current study are available 
from the corresponding author on reasonable request.



Page 6 of 7Gutierrez-Gonzalez et al. BMC Musculoskeletal Disorders          (2023) 24:898 

Declarations

Ethics approval and consent to participate
The study was approved by the Ethics Committee of Puerta de Hierro 
University Hospital (reference 157/21). No informed consent to participate 
in the study was collected since the design was retrospective (the need for 
consent was waived by the Ethics Committee of Puerta de Hierro University 
Hospital). Finally, the study was performed in line with the principles of the 
Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 23 April 2023 / Accepted: 13 November 2023

References
1. Svensson HK, Olsson LE, Hansson T, Karlsson J, Hansson-Olofsson E. The 

effects of person-centered or other supportive interventions in older women 
with osteoporotic vertebral compression fractures-a systematic review of 
the literature. Osteoporos Int. 2017;28(9):2521–40. https://doi.org/10.1007/
s00198-017-4099-8.

2. Tsuda T. Epidemiology of fragility fractures and fall prevention in the elderly: 
a systematic review of the literature. Curr Orthop Pract. 2017;28(6):580–5. 
https://doi.org/10.1097/BCO.0000000000000563.

3. Jin YZ, Lee JH, Xu B, Cho M. Effect of medications on prevention of second-
ary osteoporotic vertebral compression fracture, non-vertebral fracture, 
and discontinuation due to adverse events: a meta-analysis of randomized 
controlled trials. BMC Musculoskelet Disord. 2019;20(1):399. https://doi.
org/10.1186/s12891-019-2769-8.

4. Yuan WH, Hsu HC, Lai KL. Vertebroplasty and balloon kyphoplasty versus 
Conservative treatment for osteoporotic vertebral compression fractures: 
a meta-analysis. Med (Baltim). 2016;95(31):e4491. https://doi.org/10.1097/
MD.0000000000004491.

5. Zhang Y, Shi L, Tang P, Zhang L. Comparison of the Efficacy between 
two micro-operative therapies of old patients with osteoporotic ver-
tebral Compression fracture: a Network Meta-Analysis. J Cell Biochem. 
2017;118(10):3205–12. https://doi.org/10.1002/jcb.25966.

6. Zuo XH, Zhu XP, Bao HG, et al. Network meta-analysis of percutaneous 
vertebroplasty, percutaneous kyphoplasty, nerve block, and Conservative 
treatment for nonsurgery options of acute/subacute and chronic osteopo-
rotic vertebral compression fractures (OVCFs) in short-term and long-term 
effects. Med (Baltomore). 2018;97(29):e11544. https://doi.org/10.1097/
MD.0000000000011544.

7. Buchbinder R, Johnston RV, Rischin KJ, et al. Percutaneous vertebroplasty for 
osteoporotic vertebral compression fracture. Cochrane Database Syst Rev. 
2018;11(11):CD006349. https://doi.org/10.1002/14651858.CD006349.pub4.

8. Tian J, Xiang L, Zhou D, Fan Q, Ma B. The clinical efficacy of vertebroplasty 
on osteoporotic vertebral compression fracture: a meta-analysis. Int J Surg. 
2014;12(12):1249–53. https://doi.org/10.1016/j.ijsu.2014.10.027.

9. Guo JB, Zhu Y, Chen BL, et al. Surgical versus non-surgical treatment for 
vertebral compression fracture with osteopenia: a systematic review and 
meta-analysis. PLoS ONE. 2015;10(5):e0127145. https://doi.org/10.1371/jour-
nal.pone.0127145.

10. Chen LX, Li YL, Ning GZ, et al. Comparative efficacy and tolerability of 
three treatments in old people with osteoporotic vertebral compres-
sion fracture: a network meta-analysis and systematic review. PLoS ONE. 
2015;10(4):e0123153. https://doi.org/10.1371/journal.pone.0123153.

11. Health Quality Ontario. Vertebral augmentation Involving Vertebroplasty or 
Kyphoplasty for Cancer-Related Vertebral Compression fractures: a systematic 
review. Ont Health Technol Assess Ser. 2016;16(11):1–202.

12. Hinde K, Maingard J, Hirsch JA, Phan K, Asadi H, Chandra RV. Mortality 
outcomes of vertebral augmentation (vertebroplasty and/or balloon kypho-
plasty) for osteoporotic vertebral compression fractures: a systematic review 

and meta-analysis. Radiology. 2020;295:96–103. https://doi.org/10.1148/
radiol.2020191294.

13. Parreira P, Maher CG, Megale RZ, March L, Ferreira ML. An overview of 
clinical guidelines for the management of vertebral compression fracture: 
a systematic review. Spine J. 2017;17(12):1932–8. https://doi.org/10.1016/j.
spinee.2017.07.174.

14. Cuschieri S. The STROBE guidelines. Saudi J Anaesth 2019;13(Suppl 1):S31-S34. 
https://doi.org/110.4103/sja.SJA_543_18.

15. Firanescu CE, de Vries J, Lodder P, et al. Vertebroplasty versus sham procedure 
for painful acute osteoporotic vertebral compression fractures (VERTOS IV): 
randomised sham controlled clinical trial. BMJ. 2018;361:k1551. https://doi.
org/10.1136/bmj.k1551.

16. Zhu Y, Cheng J, Yin J, Zhang Z, Liu C, Hao D. Therapeutic effect of kyphoplasty 
and balloon vertebroplasty on osteoporotic vertebral compression fracture: 
a systematic review and meta-analysis of randomized controlled trials. Med 
(Baltim). 2019;98:e17810. https://doi.org/10.1097/MD.0000000000017810.

17. Wang B, Zhao CP, Song LX, Zhu L. Balloon kyphoplasty versus percutaneous 
vertebroplasty for osteoporotic vertebral compression fracture: a meta-
analysis and systematic review. J Orthop Surg Res. 2018;13(1):264. https://doi.
org/10.1186/s13018-018-0952-5.

18. Wang H, Sribastav SS, Ye F, et al. Comparison of Percutaneous Vertebro-
plasty and Balloon Kyphoplasty for the treatment of single Level Vertebral 
Compression fractures: a Meta-analysis of the literature. Pain Physician. 
2015;18(3):209–22.

19. Liang L, Chen X, Jiang W, et al. Balloon kyphoplasty or percutaneous 
vertebroplasty for osteoporotic vertebral compression fracture? An updated 
systematic review and meta-analysis. Ann Saudi Med. 2016;36(3):165–74. 
https://doi.org/10.5144/0256-4947.2016.165.

20. Zou J, Mei X, Zhu X, Shi Q, Yang H. The long-term incidence of subsequent 
vertebral body fracture after vertebral augmentation therapy: a systemic 
review and meta-analysis. Pain Physician. 2012;15(4):E515–22.

21. Song D, Meng B, Gan M, et al. The incidence of secondary vertebral 
fracture of vertebral augmentation techniques versus Conservative 
treatment for painful osteoporotic vertebral fractures: a systematic 
review and meta-analysis. Acta Radiol. 2015;56(8):970–9. https://doi.
org/10.1177/0284185114544240.

22. Zhang H, Xu C, Zhang T, Gao Z, Zhang T. Does Percutaneous Vertebroplasty 
or Balloon Kyphoplasty for Osteoporotic Vertebral Compression fractures 
increase the incidence of New Vertebral fractures? A Meta-analysis. Pain 
Physician. 2017;20(1):E13–E28.

23. Li HM, Zhang RJ, Gao H, et al. New vertebral fractures after osteoporotic 
vertebral compression fracture between balloon kyphoplasty and non-
surgical treatment PRISMA. Med (Baltim). 2018;97(40):e12666. https://doi.
org/10.1097/MD.0000000000012666.

24. Sun HB, Jing XS, Tang H, et al. Clinical and radiological subsequent fractures 
after vertebral augmentation for treating osteoporotic vertebral compres-
sion fractures: a meta-analysis. Eur Spine J. 2020;29(10):2576–90. https://doi.
org/10.1007/s00586-020-06560-y.

25. Liu JT, Li CS, Chang CS, Liao WJ. Long-term follow-up study of osteopo-
rotic vertebral compression fracture treated using balloon kyphoplasty 
and vertebroplasty. J Neurosurg Spine. 2015;23(1):94–8. https://doi.
org/10.3171/2014.11.SPINE14579.

26. Klazen CA, Venmans A, de Vries J, et al. Percutaneous vertebroplasty is not a 
risk factor for new osteoporotic compression fractures: results from VERTOS 
II. AJNR Am J Neuroradiol. 2010;31(8):1447–50. https://doi.org/10.3174/ajnr.
A2148.

27. Nieuwenhuijse MJ, Putter H, van Erkel AR, Dijkstra PD. New vertebral frac-
tures after percutaneous vertebroplasty for painful osteoporotic vertebral 
compression fractures: a clustered analysis and the relevance of intradiskal 
cement leakage. Radiology. 2013;266(3):862–70.

28. Chou KN, Lin BJ, Wu YC, Liu MY, Hueng DY. Progressive kyphosis after ver-
tebroplasty in osteoporotic vertebral compression fracture. Spine (Phila Pa 
1976). 2014;39(1):68–73. https://doi.org/10.1097/BRS.0000000000000042.

29. Yu W, Xu W, Jiang X, Liang D, Jian W. Risk factors for recollapse of the aug-
mented vertebrae after percutaneous vertebral augmentation: a systematic 
review and Meta-analysis. World Neurosurg. 2018;111:119–29. https://doi.
org/10.1016/j.wneu.2017.12.019.

30. Ma YH, Tian ZS, Liu HC, et al. Predictive risk factors for recollapse of cemented 
vertebrae after percutaneous vertebroplasty: a meta-analysis. World J Clin 
Cases. 2021;9(12):2778–90. https://doi.org/10.12998/wjcc.v9.i12.2778.

31. Park JH, Kang KC, Shin DE, Koh YG, Son JS, Kim BH. Preventive effects of 
Conservative treatment with short-term teriparatide on the progression 

https://doi.org/10.1007/s00198-017-4099-8
https://doi.org/10.1007/s00198-017-4099-8
https://doi.org/10.1097/BCO.0000000000000563
https://doi.org/10.1186/s12891-019-2769-8
https://doi.org/10.1186/s12891-019-2769-8
https://doi.org/10.1097/MD.0000000000004491
https://doi.org/10.1097/MD.0000000000004491
https://doi.org/10.1002/jcb.25966
https://doi.org/10.1097/MD.0000000000011544
https://doi.org/10.1097/MD.0000000000011544
https://doi.org/10.1002/14651858.CD006349.pub4
https://doi.org/10.1016/j.ijsu.2014.10.027
https://doi.org/10.1371/journal.pone.0127145
https://doi.org/10.1371/journal.pone.0127145
https://doi.org/10.1371/journal.pone.0123153
https://doi.org/10.1148/radiol.2020191294
https://doi.org/10.1148/radiol.2020191294
https://doi.org/10.1016/j.spinee.2017.07.174
https://doi.org/10.1016/j.spinee.2017.07.174
https://doi.org/10.1136/bmj.k1551
https://doi.org/10.1136/bmj.k1551
https://doi.org/10.1097/MD.0000000000017810
https://doi.org/10.1186/s13018-018-0952-5
https://doi.org/10.1186/s13018-018-0952-5
https://doi.org/10.5144/0256-4947.2016.165
https://doi.org/10.1177/0284185114544240
https://doi.org/10.1177/0284185114544240
https://doi.org/10.1097/MD.0000000000012666
https://doi.org/10.1097/MD.0000000000012666
https://doi.org/10.1007/s00586-020-06560-y
https://doi.org/10.1007/s00586-020-06560-y
https://doi.org/10.3171/2014.11.SPINE14579
https://doi.org/10.3171/2014.11.SPINE14579
https://doi.org/10.3174/ajnr.A2148
https://doi.org/10.3174/ajnr.A2148
https://doi.org/10.1097/BRS.0000000000000042
https://doi.org/10.1016/j.wneu.2017.12.019
https://doi.org/10.1016/j.wneu.2017.12.019
https://doi.org/10.12998/wjcc.v9.i12.2778


Page 7 of 7Gutierrez-Gonzalez et al. BMC Musculoskeletal Disorders          (2023) 24:898 

of vertebral body collapse after osteoporotic vertebral compression 
fracture. Osteoporos Int. 2014;25(2):613–8. https://doi.org/10.1007/
s00198-013-2458-7.

32. Kim SI, Ha KY, Cho YS, Kim KW, Oh IS. Delayed height loss after Kyphoplasty 
in osteoporotic vertebral fracture with severe collapse: comparison with 
Vertebroplasty. World Neurosurg. 2018;119:e580–8. https://doi.org/10.1016/j.
wneu.2018.07.214.

33. Ha KY, Kim YH. Risk factors affecting Progressive collapse of acute osteo-
porotic spinal fractures. Osteoporos Int. 2013;24(4):1207–13. https://doi.
org/10.1007/s00198-012-2065-z.

34. Goldstein S, Smorgick Y, Mirovsky Y, Anekstein Y, Blecher R, Tal S. Clinical and 
radiological factors affecting Progressive collapse of acute osteoporotic 
compression spinal fractures. J Clin Neurosci. 2016;31:122–6. https://doi.
org/10.1016/j.jocn.2016.02.020.

35. Muratore M, Ferrera A, Masse A, Bistolfi A. Can we predict the progres-
sion of vertebral collapse in Conservative treatment of osteoporotic 
vertebral fractures? A 3-Year retrospective study of 180 patients from the 
Emergency Department. Int J Spine Surg. 2020;14(4):641–8. https://doi.
org/10.14444/7084.

36. Gutierrez-Gonzalez R, Ortega C, Royuela A, Zamarron A. Vertebral compres-
sion fractures managed with brace: risk factors for progression. Eur Spine J 
2023;32(11):3885–3891. https://doi.org/110.1007/s00586-023-07905-z.

37. Stevenson M, Gomersall T, Lloyd Jones M, et al. Percutaneous vertebroplasty 
and percutaneous balloon kyphoplasty for the treatment of osteoporotic ver-
tebral fractures: a systematic review and cost-effectiveness analysis. Health 
Technol Assess. 2014;18(17):1–290. https://doi.org/10.3310/hta18170.

38. Dhital R, Oke I, Donato A, et al. Trends in hospitalizations for vertebral 
compression fracture in ankylosing spondylitis: data from the National 
Inpatient Sample 2000–2014. Clin Rheumatol. 2021;40:4927–32. https://doi.
org/10.1007/s10067-021-05842-0.

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

https://doi.org/10.1007/s00198-013-2458-7
https://doi.org/10.1007/s00198-013-2458-7
https://doi.org/10.1016/j.wneu.2018.07.214
https://doi.org/10.1016/j.wneu.2018.07.214
https://doi.org/10.1007/s00198-012-2065-z
https://doi.org/10.1007/s00198-012-2065-z
https://doi.org/10.1016/j.jocn.2016.02.020
https://doi.org/10.1016/j.jocn.2016.02.020
https://doi.org/10.14444/7084
https://doi.org/10.14444/7084
https://doi.org/10.3310/hta18170
https://doi.org/10.1007/s10067-021-05842-0
https://doi.org/10.1007/s10067-021-05842-0

	Vertebral compression fractures: pain relief, progression and new fracture rate comparing vertebral augmentation with brace
	Abstract
	Background
	Methods
	Patient selection
	Dependent variables
	Independent variables
	Statistical analysis

	Results
	Discussion
	Conclusions
	References


