
Objective: Vertebroplasty is a common treatment for osteoporotic spinal compression fractures, but it poses complication risk. There-
fore, we investigated the clinical and radiological outcomes of conservative treatment using a combination of denosumab and teri-
paratide. 
Methods: This study included 86 patients aged 75 or older who were diagnosed with osteoporotic spinal compression fracture from 
January 2011 to April 2021. The patients were then categorized into those who received denosumab and teriparatide combination 
treatment without vertebroplasty(group A) and those who received bisphosphonate treatment and underwent vertebroplasty (group B). 
Several parameters were analyzed: age, sex, underlying diseases, BMI, hospital stay, the time of ambulation start, BMD, VAS score, 
compression ratio, regional Cobb angle, and local kyphotic angle.
Results: As compared to group A, group B showed a relatively shorter hospital stay and time until starting ambulation, but without 
statistical significance. The VAS scores measured at the time of injury, post-treatment, 3months post-injury, and 1year post-injury did 
not show statistically significant differences between the groups. In contrast, the mean BMD measured at the time of injury and 1year 
post-injury demonstrated statistically significant improvements in group A compared to group B. The differences in the compression 
ratio, regional Cobb angle, and local kyphotic angle measured at the time of injury and 1year post-injury were not statistically signifi-
cant. 
Conclusion: Combination treatment without vertebroplasty did not show significant differences in either clinical or radiologic results 
compared to vertebroplasty cases. Therefore, denosumab and teriparatide combination treatment could be considered as an alterna-
tive option for osteoporotic spinal compression fracture patients.
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Introduction 

Osteoporosis is a widespread skeletal system disease, in which frac-
tures easily occur due to low bone mass and structural aging, caus-
ing chronic back pain, spinal deformity, and fractures. Particularly, 

when accompanied by osteoporosis, spinal compression fractures 
can result from even a mild trauma or without any noticeable trau-
ma, which is known to occur in 25% of all females over the age of 
70 and 50% of all females over the age of 80 [1–3]. In the past, os-
teoporotic spinal compression fractures were thought to recover 
spontaneously without specific complications; however, with the 
recent increasing aging population and more osteoporosis-focused 
studies, these fractures are now reported to have physical, func-
tional, and psychological sequelae, as well as cause serious compli-
cations, such as reduced quality of life and increased mortality, 
suggesting the need for an active therapeutic approach alongside 
osteoporosis treatment [1,4,5]. 

Treatment for osteoporosis has become widespread following 
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the discovery of estrogen and calcium administration in the early 
1980s, wherein oral administrations became available after the late 
1980s as the efficacy of additional drugs, such as bisphosphonate, 
calcitonin, and parathyroid hormone (PTH), was uncovered [6,7]. 
Teriparatide and denosumab have been reported to be effective in 
osteoporosis treatment and prevention, leading to their active use 
in clinical settings [8,9]. 

Vertebroplasty, conversely, is frequently performed for rapid 
pain reduction and earlier recovery of ambulation in spinal com-
pression fracture patients with osteoporosis; however, follow-up 
reports have indicated that the artificially strengthened vertebral 
body causes injuries in the adjacent vertebral body [10–12]. As 
such, the authors investigate whether an active conservative treat-
ment using denosumab and teriparatide combination alone could 
be used to improve the clinical and radiologic outcomes in elderly 
osteoporotic spinal fracture patients who are at risk of for vertebro-
plasty complications. 

Material and Method 

Study design and patient selection 
A retrospective review was conducted with 86 patients aged 75 or 
older who were diagnosed with osteoporotic spinal compression 
fractures of the thoracic and lumbar spine and with a bone mineral 
density (BMD) of –3.0 or higher, between January 2011 and April 
2021. Meanwhile, those with no follow-up for more than one year, 
have Kummell disease, or have diseases requiring surgery for neu-
rological abnormalities were excluded. Exactly 41 subjects were in-
cluded in group A (patients who received denosumab and teri-

paratide combination without vertebroplasty), and 45 subjects 
were included in group B (patients treated with bisphosphonate 
with vertebroplasty) for comparison. denosumab and teriparatide 
both were started at the same time and maintained over 1 year in 
group A. In this study, alendronate and risedronate were used as bis-
phosphonate therapy in group B. All patients took analgesic and cal-
cium preparations, as well as started ambulation early with braces. As 
this study was conducted as a retrospective study with chart review 
in the hospital, it received no IRB.

Outcome evaluation 
Assessments were conducted based on the age, sex, body mass in-
dex (BMI), duration of hospital stay, the time point at which they 
started ambulation(we recommended after 2 or 3 days of bed rest 
with braces in both groups), BMD, smoking habits, hypertension, 
diabetes, history of stroke, visual analogue scale (VAS), compres-
sion ratio, regional Cobb angle, and local kyphotic angle. BMD 
was calculated with the average value of L1 to L4. 

The compression ratio was calculated by setting the anterior 
height average of the adjacent upper and lower vertebrae as the es-
timated vertebral height, subtracting the current vertebral body 
height from the estimated vertebral body height, dividing the result 
by the estimated vertebral body height, and then finally converting 
the quotient into a percentage. For the regional Cobb angle, the 
acute angle between the upper and lower vertebrae of the fractured 
vertebra was measured. For the local kyphotic angle, the acute an-
gle between the upper and lower edges of the fractured vertebral 
body was measured (Fig. 1). 

Additionally, the values measured at the time of injury were used 

Fig. 1. (A) Compression ratio measurement using the following formula. Compression ratio={[(a+c)/2-b]/(a+c)/2}×100%. a: Anterior 
vertebral height of the upper vertebra; b: anterior vertebral height of the fracture level; c: anterior vertebral height of the lower vertebra. 
(B) Regional Cobb angle measurement using the following formula. Regional Cobb angle=acute angle measured between a and b. a: Su-
perior vertebral line of the upper vertebra; b: inferior vertebral line of the lower vertebra. (C) Local kyphotic angle measurement using the 
following formula. Local kyphotic angle=acute angle measured between a and b. a: Superior vertebral line of the fracture level; b: inferior 
vertebral line of the fracture level.
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as the baseline for assessment, and the improvement in the VAS 
scores was re-evaluated by conducting follow-ups at the time of 
posttreatment, 3 months and one year post-injury. At 1-year fol-
low-up, the changes in the compression ratio, regional Cobb angle, 
and local kyphotic angle were re-evaluated. 

Statistical analysis 
IBM SPSS ver. 26.0 (IBM Corp., Armonk, NY, USA) was used for 
statistical analysis. The chi-square test and the t-test were used for 
testing, and statistical significance was defined by the P-value of 
< 0.05. 

Results 

Demographics of patients 
Group A consisted of 3 males (7.3%) and 38 females (92.7%), 
whereas group B consisted of 5 males (11.1%) and 40 females 
(88.9%). The mean age was 82.12 ± 5.04 years old (75 to 95 years 
old) at the time of injury, with a mean age of 81.07 ± 4.92 years old 

(75 to 91 years old) for group A and 83.07 ± 5.02 years old (75 to 
95 years old) for group B. The BMI was found to be normal with a 
BMI of 22.14 ± 3.55 kg/m2, wherein a mean BMI of 22.73 ± 3.95 
kg/m2 was found for group A and 21.54 ± 3.02 kg/m2 for group B. 
Furthermore, the mean BMD was –3.56 ± 0.43, with a finding of 
–3.51 ± 0.42 for group A and –3.62 ± 0.44 for group B. Regarding 
the accompanying underlying diseases, 27 patients (65.9%) had 
hypertension, 14 patients (34.1%) had diabetes, 6 (14.6%) pa-
tients had stroke, 3 patients (7.3%) had a history of smoking and 4 
patients (9.8%) had a previous vertebroplasty or balloon kyphosis 
in group A. Meanwhile, 24 patients (53.3%) had hypertension, 17 
patients (37.8%) had diabetes, 5 patients (11.1%) had stroke, 4  
patients (8.9%) had a history of smoking and 7 patients (15.6%) 
had a previous vertebroplasty or balloon kyphosis in group B  
(Table 1). 

Level of vertebral compression fracture 
Compression fracture sites were observed from the 4th thoracic to 
the 4th lumbar vertebrae. More specifically, there were 17 thoracic 

Table 1. Demographic and clinical characteristics of the patients

Characteristic Group A (n=41) Group B (n=45) Total (n=86) P-value
Sex -
 Male 3 (7.3) 5 (11.1) 8 (9.3)
 Female 38 (92.7) 40 (88.9) 78 (90.7)
Age (yr) 81.07±4.92 83.07±5.02 82.12±5.04 0.141
Body mass index (kg/m2) 22.73±3.95 21.54±3.02 22.14±3.55 0.125
Bone mineral density –3.51±0.42 –3.62±0.44 –3.56±0.43 0.078
Underlying disease -
 Hypertension 27 (65.9) 24 (53.3) 53 (61.6)
 Diabetes 14 (34.1) 17 (37.8) 31 (36.0)
 Stroke history 6 (14.6) 5 (11.1) 11 (12.8)
 Smoking history 3 (7.3) 4 (8.9) 7 (8.1)
 Previous vertebroplasty or kyphoplasty history 4 (9.8) 7 (15.6) 11 (12.8)
Level of vertebral compression fracture -
 T4 1 (2.4) 0 1 (1.2)
 T5 0 1 (2.2) 1 (1.2)
 T8 2 (4.9) 0 (0) 2 (2.3)
 T9 1 (2.4) 2 (4.4) 3 (3.5)
 T10 1 (2.4) 0 1 (1.2)
 T11 2 (4.9) 2 (4.4) 4 (4.7)
 T12 10 (24.4) 9 (20.0) 19 (22.1)
 L1 13 (31.7) 18 (40.0) 31(36.1)
 L2 7 (17.1) 11(24.4) 18 (20.9)
 L3 3 (7.3) 2 (4.4) 5 (5.8)
 L4 1 (2.4) 0 1 (1.2)

Values are presented as number (%) or mean±standard deviation.
Group A, denosumab+teriparatide without vertebroplasty; group B, bisphosphonate with vertebroplasty.
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(41.5%) and 24 lumbar cases (58.5%) in group A, while there 
were 14 thoracic (31.1%) and 31 lumbar cases (68.9%) in group B. 
In both groups, the cases involving the first lumbar vertebrae were 
accounted the most, with 13 cases (31.7%) in group A and 18 cas-
es (40.0%) in group B (Fig. 2). 

Comparisons of clinical outcomes 
The mean duration of hospital stays and mean duration required 
to start ambulation was 12.30 ± 8.56 days and 7.52 ± 4.39 days  
in group A, respectively, while it was 11.32 ± 8.64 days and 
7.32 ± 4.42 days in group B, respectively. Although both values 
were shorter for group B as compared to group A, there was no sta-
tistical significance. Meanwhile, the VAS scores for group A were 
7.62 ± 0.78, 5.34 ± 0.82, 3.14 ± 0.76, and 1.98 ± 0.79 taken imme-
diately after injury, posttreatment, at 3 months, and at one year 
post-injury, respectively, whereas the VAS scores in group B were 
7.82 ± 0.59, 4.65 ± 0.74, 2.60 ± 0.75, and 1.96 ± 0.70, respectively. 
Both groups showed improvement but without statistically signifi-
cant differences (Table 2). 

Comparison of BMD 
The bone density immediately after and one year after the injury 
was –3.51 ± 0.42 and –3.11 ± 0.29 for group A, respectively. Mean-
while, these values were noted to be –3.62 ± 0.44 and –3.34 ± 0.32 
for group B, respectively. The improvement in mean BMD was 
statistically and significantly greater in group A, who were treated 
with denosumab and teriparatide combination, compared to that 

of group B (Table 3). 

Comparisons of radiologic outcomes 
In group A, the compression ratio immediately and one year after 
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Fig. 2. Number of fractured vertebral bodies according to the specific spinal level. Group A, denosumab+teriparatide without vertebro-
plasty; group B, bisphosphonate with vertebroplasty.

Table 2. Comparison of hospital days, days until ambulation, and 
visual analogue scale scores

Variable Group A Group B P-value
Length of hospital stay (day) 12.30±8.56 11.32±8.64 0.129
Days until starting ambulation 7.52±4.39 7.32±4.42 0.151
Visual analogue scale
 Initial score 7.62±0.78 7.82±0.59 -
 Posttreatment score 5.34±0.82 4.65±0.74 -
 3-Month follow-up score 3.14±0.76 2.60±0.75 -
 1-Year follow-up score 1.98±0.79 1.96±0.70 -
 Change 5.64±0.72 5.86±0.76 0.109

Values are presented as mean±standard deviation.
Group A, denosumab+teriparatide without vertebroplasty; group B, bis-
phosphonate with vertebroplasty.

Table 3. Changes in bone mineral density

Variable Group A Group B P-value
Initial BMD –3.51±0.42 –3.62±0.44 -
1-Year follow-up BMD –3.11±0.29 –3.34±0.32 -
Change 0.40±0.13 0.28±0.12 0.022

Values are presented as mean±standard deviation.
Group A, denosumab+teriparatide without vertebroplasty; group B, bis-
phosphonate with vertebroplasty; BMD, bone mineral density.
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injury was 28.54% ± 19.19% and 30.20% ± 19.06%, respectively, 
whereas in group B, it was 36.50% ± 14.82% and 37.18% ± 14.69%, 
respectively. On the other hand, the regional Cobb angle immedi-
ately and one year after injury was 10.39° ± 9.80° and 12.16° ± 8.87° 
in group A, respectively, while it was 15.25° ±8.59° and 15.94° 
±9.51° in group B, respectively. Additionally, the local kyphotic an-
gle immediately and one year after the injury was 10.49°±8.07° and 
13.01° ± 8.31° in group A, respectively, whereas it was 9.98° ±6.24° 
and 11.72° ± 7.17° in group B, respectively. In comparison to group 
A, the changes in compression ratio, regional Cobb angle, and local 
kyphotic angle in group B were smaller but had no statistically sig-
nificant differences (Table 4). 

Discussion 

Spinal compression fractures due to osteoporosis can occur even 
with mild trauma and may also occur in daily life without any his-
tory of trauma, given that its incidence increases with age [3,13–
15]. Moreover, based on recent research, it is known that every 1.0 
decrease in the T score increases the risk of fractures by 2-fold 
[5,7,16]. If, for example, the bone density decreases from T score 
of –3.0 to –4.0, the risk of fractures increases from 8 times to 16 
times [5,16]. Thus, in treating osteoporotic spinal compression 
fractures, osteoporosis treatment must also be accompanied. Ac-
tive osteoporosis pharmacotherapy, such as teriparatide and deno-
sumab, are known to be effective in osteoporosis treatment and 
prevention in addition to previously established medications, such 
as bisphosphonate, calcitonin, and PTH [8,9]. More specifically, 
according to several research, it is reported that an increase in lum-

bar spine and femoral bone density is greater when receiving teri-
paratide and denosumab in combination as compared to their in-
dividual monotherapies [17,18]. As such, this study used denos-
umab and teriparatide combination as an active osteoporosis treat-
ment for patients who did not receive vertebroplasty. 

Based on previous studies, it has been known that osteoporotic 
spinal fractures have a relatively good prognosis, and acute pain 
disappears after 6 to 8 weeks, without causing severe physical or 
emotional impairment [1,6]. However, recent studies also report-
ed that, once occurred, fracture results in physical and emotional 
disability in many patients, causing limitations in daily life due to 
persistent pain, loss of confidence, and depression even after recov-
ery [1,4,19]. Furthermore, the progression of vertebral body com-
pression may cause digestive disorders, such as early satiety and 
weight loss, due to decreased abdominal cavity volume following 
costal margin displacement towards the iliac crest, or due to hepat-
ic function deterioration following pleural compression [1–3]. For 
these reasons, vertebroplasty is selectively being performed, as 
they have been reported to be excellent in acute pain control and 
early functional recovery as alternatives to conservative treatments, 
including bed rest, administration of anti-inflammatory drugs, 
walking with braces, and lifestyle training [15,20]. Despite this, 
there are many studies that still advocate for the use of conservative 
treatment due to the complications of the procedure itself, includ-
ing bone cement outflow, vertebral body osteonecrosis, recom-
pression, infection, and additional fractures to the adjacent verte-
brae [1,10,19,21]. 

In this study, the BMD measured immediately after and one year 
after injury was –3.51 ± 0.42 and –3.11 ± 0.29 in group A, respec-
tively, after the combined use of denosumab and teriparatide. 
Meanwhile, for group B which received bisphosphonate treatment 
after vertebroplasty, these results were –3.62 ± 0.44 and –3.34 ±  
0.32, respectively. In comparison, group A showed a greater and 
statistically significant mean BMD improvement, suggesting that 
greater effects in the improvement of osteoporosis with reduced 
risk for additional fractures can be expected from this combination 
treatment as compared to conventional bisphosphonate mono-
therapy.  

In cases of an additional adjacent vertebral body fracture among 
osteoporotic spinal fracture complications, a study that performed 
conservative treatment reported that new vertebral body fractures 
occurred in 19.2% at 1-year follow-up [22]. 

However, when vertebroplasty was performed, Grados et al. 
[23] reported that new vertebral body fractures occurred in 13 out 
of 40 patients and in 52% of cases during a 48-month follow-up 
period on average [1,24]. Furthermore, it was reported that artifi-
cially strengthened vertebral body increases the risk factor for adja-

Table 4. Changes in the compression ratio, regional Cobb angle 
and local kyphotic angle

Variable Group A Group B P-value
Compression ratio (%)
 Initial ratio 28.54±19.19 36.50±14.82 -
 1-Year follow-up ratio 30.20±19.06 37.18±14.69 -
 Change 1.66±10.80 0.68±8.85 0.630
Regional Cobb angle (°)
 Initial angle 10.39±9.80 15.25±8.59 -
 1-Year follow-up angle 12.16±8.87 15.94±9.51 -
 Change 1.77±4.53 0.68±4.98 0.264
Local kyphotic angle (°)
 Initial angle 10.49±8.07 9.98±6.24 -
 1-Year follow-up angle 13.01±8.31 11.72±7.17 -
 Change 2.51±3.43 1.73±5.48 0.385

Values are presented as mean±standard deviation.
Group A, denosumab+teriparatide without vertebroplasty; group B, bis-
phosphonate with vertebroplasty.
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cent vertebral body fractures, which is caused by the shift in the 
normal load transmission. In other words, the strengthened verte-
bral body resulted in a loading pattern change during normal spinal 
load transmission, exerting a greater loading force on the adjacent 
vertebral body or on an area farther away and resulting in a com-
pression fracture [23,25]. There was also no age or sex differences 
in the cases resulting in adjacent vertebral body fractures, which 
typically occurred within one year after initial vertebroplasty. 
Therefore, adjacent vertebral body fractures have been pointed out 
as a major issue in vertebroplasty [10,12,26]. In that regard, 6 cases 
of adjacent vertebral body fractures had been reported at 1-year 
follow-up after vertebroplasty in group B. 

Despite the risks of such complications, vertebroplasty is known 
to reduce acute pain, resulting in quicker recovery of walking and 
increased activities in daily living in 90% to 95% of osteoporotic 
compression fracture patients [25,27]. Thus, this procedure is still 
performed in many patients. In this study, it was confirmed that 
the mean duration of hospital stay and the time to recover walking 
were shortened in group B, who received bisphosphonate treat-
ment along with vertebroplasty, as compared to that of group A, 
who only received conservative treatment including denosumab 
and teriparatide combination treatment; however, there were no 
statistically significant differences. This was likely because group A 
had started early walking with braces while concurrently receiving 
active pain management including pain killers and block whenever 
necessary. 

Regarding pain control in this study, the VAS scores immedi-
ately, posttreatment, 3 months, and one year after injury was 
7.62 ± 0.78, 5.34 ± 0.82, 3.14 ± 0.76, and 1.98 ± 0.79 for group A, 
and 7.82 ± 0.59, 4.65 ± 0.74, 2.60 ± 0.75, and 1.96 ± 0.70 for group 
B, respectively, with both groups showing gradual improvement. 
As mentioned earlier, although group B showed relative benefit 
over group A in terms of acute phase pain improvement, there was 
no statistically significant difference in the mean improvement of 
pain when compared one year later. 

Moreover, the differences in compression ratio, regional Cobb 
angle, and local kyphotic angle were compared immediately and 
one year after injury, but there were no statistically significant dif-
ferences between the groups, with negligible levels of deteriora-
tion. 

Although vertebroplasty can be helpful in controlling acute 
phase pain and improving early ambulation in osteoporotic com-
pression fracture patients, it was shown that the combined use of 
denosumab and teriparatide can be selected to lower the risk of ad-
ditional fractures and that the conservative treatment group did 
not show statistically significant differences from the vertebroplas-
ty group. It was demonstrated that maintaining active conservative 

treatment without vertebroplasty could be an alternative therapeu-
tic approach which could improve clinical symptoms, while reduc-
ing the risk of adjacent vertebral body fractures. 

Despite these findings, the limitation of this study was that it was 
conducted as a retrospective study with a small sample of patients. 
Additionally, there could have been a bias arising from the differ-
ence in bisphosphonate monotherapy and denosumab and teri-
paratide combination therapy for osteoporosis. Thus, it would 
have been possible to compare the effects of vertebroplasty with-
out bias if the combination therapy was also compared between 
the vertebroplasty group and the group without vertebroplasty. 
And long term follow-up study should be performed to compare 
in more detail further.  

Conclusion 

Although vertebroplasty is known to help reduce acute phase pain 
and improve time to early ambulation in the elderly with osteopo-
rotic spinal fractures, a significant difference was not observed. 
Furthermore, it was confirmed that the mean BMD improvement 
was greater for the group receiving denosumab and teriparatide 
combination therapy as compared to the group receiving vertebro-
plasty, showing no significant differences in clinical and radiologi-
cal outcomes. Therefore, in situations where there are risks of 
post-vertebroplasty complications in elderly spinal compression 
fracture patients with osteoporosis, active conservative treatment 
including injection treatment for osteoporosis can be considered 
as an alternative treatment. 
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