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Accepted: October 15,2023 The management of osteoporotic vertebral fractures (OVFs) in the elderly includes nonop-

erative treatment and vertebroplasty, but has not been established due to the diversity of pa-
tient backgrounds. The purpose of this study was to compare the impact of 3 treatment
modalities for the management of OVF: orthotic treatment, percutaneous vertebroplasty
(PVP), and balloon kyphoplasty (BKP). The method was based on an analysis of the latest
RCTs, meta-analyses, and systematic reviews on these topics. No study showed a benefit of
bracing with high level of evidence. Trials were found that showed comparable outcomes
without orthotic treatment. Only 1 randomized controlled trial (RCT) showed an improve-
ment in pain relief up to 6 months compared with no orthosis. Rigid and nonrigid orthoses
were equally effective. Four of 5 RCTs comparing vertebroplasty and sham surgery were
equally effective, and one RCT showed superior pain relief with vertebroplasty within 3
weeks of onset. In open trials comparing vertebroplasty with nonoperative management,
vertebroplasty was superior. PVP and BKP were comparable in terms of pain relief, im-
provement in quality of life, and adjacent vertebral fractures. BKP does not affect global
sagittal alignment, although BKP may restore vertebral body height. An RCT was pub-
lished showing that PVP was effective in chronic cases without pain relief. Vertebroplasty
improved life expectancy by 22% at 10 years. The superiority of orthotic therapy for OVF
was seen only in short-term pain relief. Soft orthoses proved to be a viable alternative to
rigid orthoses. Vertebroplasty within 3 weeks may be useful. There is no significant differ-
ence in clinical efficacy between PVP and BKP. Vertebroplasty improves life expectancy.
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INTRODUCTION

Osteoporotic vertebral fractures (OVFs) is a common disease
with a large number of patients in an aging society, but its treat-
ment is controversial."” The reasons include the following: ver-
tebral fractures may be painful or unnoticeable to the patient
(accounting for about one-third of fractures), healing is often
achieved by rest and external fixation after fracture, some rare
patients may develop neurological symptoms or kyphosis with-
out healing, and patients may be elderly and in various general
conditions. Patients are elderly and their general condition var-
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ies widely. The treatment of OVF varies greatly depending on
the institution and the initial treating physician, including whe-
ther the patient is treated on an outpatient or inpatient basis,
with or without external fixation, external fixation methods,
medications, surgical intervention, and surgical procedures.
The purpose of this study is to analyze the most recent system-
atic review and meta-analysis of orthotics and vertebroplasty
for OVFs and to discuss current evidence-based recommenda-
tions.
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CLASSIFICATION OF OVF

When considering the management of OVFs, the morpho-
logic classification proposed by the Working Group “Osteopo-
rotic Fractures” of the Spine Section of the German Society of
Orthopaedics and Trauma (DGOU) is considered a useful clas-
sification® (Fig. 1). Its development process follows the concept
of validation of fracture classification by Audige et al.* and is
considered reliable and reproducible. Based on this classifica-
tion, it is described that OF4 and OF5 are clear indications for
surgical treatment, OF3 is indicated for surgical or conservative
treatment, and OF1 and OF2 are indicated for conservative
treatment. Although the morphological OF classification of the
DGOU group is very useful, we present our classification in
consideration of fracture age and clinical symptoms (Fig. 2).

1. Acute Phase With Severe Pain

Immediately after fracture, pain during movement is the most
intense, not only in sitting, but also in turning over or coughing,
in which case the patient is almost bedridden.

OF 5

OF 2

Fig. 1. The osteoporotic fracture classification (OF classifica-
tion) proposed by the Spine Section of the German Society of
Orthopedics and Trauma (DGOU).? OF1: X-ray and comput-
ed tomography scans show no spinal deformity, and only MRI-
STIR sequences clearly show vertebral edema. OF2: Minor de-
formity with no or less than 1/5 posterior wall involvement
and fracture of only one endplate. OF1 and OF?2 are stable in-
juries. OF3: Deformity with more than 1/5 posterior wall dam-
age. Damage to the anterior and posterior walls that can be
called incomplete ruptured fractures. Fractures may be unsta-
ble. OF4: Loss of the vertebral frame structure, vertebral body
collapse, pincer-type fracture. OF5: Injuries with distraction
or rotation. MRI-STIR, magnetic resonance imaging short in-
version time inversion recovery.
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2. Subacute Phase With Vertebral Instability

The pain of the acute phase is relieved, but the fractured ver-
tebrae have not yet fused, and back pain occurs with each change
in posture, such as sitting or standing. Pain is relieved with rest,
such as lying down.

3. Delayed Neurological Deficit

Progressive disintegration of the vertebral body causes the
posterior wall fragments of the fractured body to protrude into
the spinal canal, resulting in neuropathy due to direct compres-
sion of nerve tissue or indirect compression due to vertebral in-

stability.

4. Kyphotic Deformity Type

The fractured vertebrae become significantly wedged and
fuse in a kyphotic deformity, shifting the sagittal balance for-
ward, causing severe postural back pain originating from the
erector spinae, and sometimes difficulty in holding a standing
position. The significant kyphosis deformity may cause gastro-
intestinal and respiratory symptoms due to thoracoabdominal
pressure. Section headings 3 (delayed neurological deficit) and
4 (kyphotic deformity type) may coexist.

This paper discusses treatment options for section headings

1 (acute phase with severe pain) and 2 (subacute phase, with

Subacute

Kyphotic deformity

Fig. 2. ® Acute phase with severe pain. Severe pain occurs
immediately after onset of symptoms and difficulty in mov-
ing the body. @ Subacute phase, with vertebral instability.
Back pain always occurs during body movement, although the
acute pain has improved slightly. ® Delayed neurological defi-
cit Delayed onset of neurological symptoms in the lower ex-
tremities sometime after fracture. @ Kyphotic deformity type
A kyphotic deformity resulting in musculoskeletal pain in the
back.
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vertebral instability) above, specifically orthotics and vertebro-
plasty.

ARE ORTHOTICS USEFUL FOR OVF?

Previous reviews of the use of orthoses in OVF have recom-
mended the use of spinal orthoses, but the level of evidence is
low.>*

The analysis of Pieroh et al.” from 13 studies (n=5 random-
ized controlled trials, n=3 nonrandomized controlled trials,
n=5 uncontrolled prospective studies) and 8 systematic reviews,
found that 5 uncontrolled prospective studies found improve-
ments in pain, function, and quality of life during follow-up.

Studies comparing different types of orthoses favor nonrigid
orthoses. Of the 5 studies comparing orthotic and nonorthotic
patients, 3 studies failed to detect a beneficial effect of orthotic
treatment over nonorthotic treatment, and 2 industry-spon-
sored studies reported significant improvement with orthotic
wear. Wearing an orthosis, regardless of type, did not result in
significant improvements in quality of life, pain, reduction in
increased x-ray pressure, or minimization of opioid use com-
pared to patients who did not wear an orthosis. Although the
level of evidence is not high, no definitive recommendations
can be made regarding the use of spinal orthoses.

In addition, a meta-analysis by Squires et al.® of three studies
evaluating orthotic therapy for thoracic and lumbar compres-
sion fractures (a total of 447 patients [96% female] in a random-
ized trial) found that 54 patients were treated without orthoses
and 393 were treated with orthoses (195 rigid and 198 soft). Mod-
erate-quality evidence indicated that rigid bracing for vertebral
compression fractures may significantly reduce pain up to 6
months after injury compared with no bracing (standardized
mean difference=-1.32, 95% confidence interval [CI], -1.89 to

-0.76, p<0.05, '=41%) (Fig. 3).

However, this trend was attenuated after 48 weeks of long-
term follow-up. There were no significant differences in radio-
graphic kyphosis, opioid use, function, or quality of life at any
time point. Rigid orthoses may put patients at risk for dyspnea
and pressure ulcers and have low compliance rates. Given that
both rigid and soft orthoses significantly reduced pain at 6 months,

soft orthoses may be an alternative method to rigid orthoses.*"”

1. Vertebroplasty

Vertebroplasty has been the treatment of painful OVFs for the
past 30 years, but there is much debate about its usefulness.'**!
There are many comparative trials of vertebroplasty, but aware-
ness of what is being compared is very important in interpret-
ing them, as the meaning of the trial will depend on the choice
of the intervention being compared.”

Most open trials comparing vertebroplasty with usual care
concluded that vertebroplasty was superior, but sensitivity anal-
yses confirmed that these are likely to have overestimated any
benefit of vertebroplasty. Correcting for these biases might drive
any benefits observed with vertebroplasty towards the null.

While 4 of the 5 trials comparing vertebroplasty to placebo
surgery failed to show significant differences between the groups,
and in the remaining one, when performed primarily only with-
in 3 weeks of fracture occurrence, vertebroplasty was shown to
be more effective than placebo (Fig. 4). At present, only a blind-
ed randomized trial comparing sham surgery to early vertebro-
plasty in patients with acute osteoporotic fractures with severe
pain might demonstrate a benefit in relieving pain.”

A systematic review by Halvachizadeh et al.** focused on RCTs
and examined differences in outcomes (e.g., pain relief, adjacent
level fractures, quality of life) between vertebroplasty and non-
operative therapy. Patients were assigned to 3 groups according

Std. mean difference
IV, Random, 95% CI

Std. mean difference
IV, Random, 95% CI

Study of Brace No brace

Subgroup Mean SD Total Mean SD Total Weight
Kim(rigid)2014 3 1.0 18 449 18 18 23.2%
Kim(rigid)2014 3.6 1.25 19 449 18 18 24.12%
Pfeifer(rigid)2014 2.4 1.2 36 41 09 33 26.8%
Pfeifer(soft)2014 2.2 1.1 34 41 09 33 26.0%
Total (95% CI) 107 102 100.0%

Heterogeneity: Tau?=0.24: Chi?=10.17, df =3 (P=0.02); I*=70%
Test for overall effect: Z=4.39 (P<0.0001)

——

-0.99[-1.69,-0.29)]
-0.56[-1.22,-0.09]
-1.57[-2.12,-1.03]
-1.87[-2.44,-1.29)]

D —
——

——

-1.27 [-1.84, =0.70] P

2 1 0 1 2

Favors brace  Favors No brace

Fig. 3. Subgroup analysis Forest plot for standardized mean difference in pain up to 6-month postinjury between brace (rigid
and soft) and no brace groups. Statistically significant decrease in pain in patients treated with any brace compared to those treated
with no brace.® SD, standard deviation; IV, inverse variance; df, degrees of freedom; CI, confidence interval.
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DBT No. Age (yr) BMD T score | FX duration (wk) Early VP (%) Inpatients (%) PMMA (mL)
VAPOUR (2016) A 120 80 -4.3 2.6 79 57 7.5
VERTOS4 (2018) X 180 75 -24 6 19 0 5.1
Hansen (2016) X 46 70 -2.4 NR NR 0 NR
Buchbinder (2009) X 78 74 NR 12 NR 0 2.8
Kallmes (2009) X 131 73 NR 18 0 0 2.6

Fig. 4. Five double-blind trials (DBTs) on PVP and sham surgery. x indicates that PVP could not be shown to be useful. A indi-
cates that PVP was useful in some cases. BMD, bone mineral density; FX duration, duration of procedure from fracture; Early
VP, percentage of all patients who underwent vertebroplasty within 3 weeks; Inpatients, percentage of patients who required hos-

pitalization; PMMA, polymethyl methacrylate; NR, not reported.

to treatment: percutaneous vertebroplasty (PVP), balloon ky-
phoplasty (BKP), and nonoperative management (NOM). Short-
term (weeks), medium-term (months), and long-term (more
than one year) effects were compared; 16 trials were included;
11 (68.8%) compared PVP to NOM, 1 (6.3%) compared BKP
to NOM, and 4 (25.0%) compared BKP to PVP. At short-term
follow-up, pain improvement was 1.31 points (95% CI, 0.41-
2.21; p<0.001) better when PVP was compared to NOM. The
pain effect was similar for PVP and BKP (difference at midterm,
0.0 point; 95% CI, -0.25 to 0.25). The risk of adjacent level frac-
ture did not increase after either treatment (log OR, -0.16; 95%
CI, -0.83 to 0.5; NOM vs. PVP or BKP). Quality of life, as mea-
sured by RDQ, was not significantly different between the PVP
or BKP and NOM groups except in the short term. This meta-
analysis also provides evidence in support of vertebroplasty for
OVE* Vertebroplasty was associated with greater improvement
in pain but was unrelated to the occurrence of adjacent level
fractures or quality of life. Improvement in sagittal balance after
surgery has not been well reported, but improvement in pain
may justify vertebroplasty.

2. Which Is Better With PVP Versus BKP?

A meta-analysis of 6 studies with data from a total of 644 pa-
tients (330 in the PVP group and 284 in the BKP group) com-
paring PVP and BKP showed that the visual analogue scale (VAS)
score (mean difference [MD]=0.17; 95% CI, -0.39 to 0.73; p=
0.56), risk of cement leakage (odds ratio [OR], 1.31; 95% CI, 0.62—
2.74; p=0.47), and Oswestry Disability Index (ODI) score (MD =
0.51; 95% CI, -1.87 to 2.88; p=0.68) were not significantly dif-
ferent between the 2 groups. However, the volume of cement
injected in the VP group (MD=-0.52; 95% CI, -0.88 to -0.15;
p=0.005) had a significantly lower statistically significant trend
compared to the KP group, which may indicate a bias in favor
of PVP regarding the risk of cement leakage.

Further high-quality multicenter randomized controlled tri-
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als with longer follow-up and larger sample sizes are needed,
but at this time indicate that there are no significant differences
between PVP and BKP in terms of VAS score, ODI score, or
cement leakage, and that both are useful treatments for patients
with OVE»™*

On the other hand, a systematic review comparing BKP and
PVP, focusing on the primary outcome of height restoration and
the secondary outcomes of pain relief and function (33 total
randomized controlled trials; 20 BKP, 7 PVP, and 6 comparing
PVP to BKP), suggested that BKP may be superior in restoring
vertebral height, but both procedures restored some vertebral
height reduction, kyphosis, Cobb angle, and wedge angle, and
showed benefit in pain reduction and patient-reported function-
al improvement. However, it is not possible to definitively con-
clude whether BKP or PVP is superior in reducing pain and re-
storing function because many studies that examined all 3 vari-
ables did not report statistically significant results, and more
definitive studies and data analysis are needed to confirm this
finding (Figs. 5-7).**

Although a meta-analysis by Daher et al.*® also showed favor-
able recovery of vertebral body height after KP surgery, the im-
provement in kyphosis angle was not statistically significant be-
tween the PVP and BKP groups.” A systematic review by Najj-
ar et al.** of the effect of BKP on sagittal balance shows that it
does not affect sagittal balance. This review evaluated the rele-
vant literature on the effect of BKP on global spinal sagittal align-
ment. Radiological parameters included pelvic incidence (PI),
pelvic tilt (PT), lumbar lordosis (LL), thoracic kyphosis (TK),
sagittal vertical axis (SVA), spinosacral angle (SSA). A statistical
analysis comparing the pre/postoperative global sagittal align-
ment (111 patients, 3 studies with standard deviations) showed
no statistical difference in PT (24.1° vs. 23.5°, p=0.93), TK (42.3°
vs. 42.4°, p=0.57), PI-LL (14.4° vs. 12.4°, p=0.4), SVA (6.1 cm
vs. 5.5 cm, p=0.19), SSA (114.8° vs. 116.7°, p=0.36). BKP did
not significantly affect overall sagittal alignment in patients with
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Kyphoplasty Vertebroplasty Mean Difference Mean Difference
StudyorSubgroup Mean SD Total Mean SD Total Weight IV,Random,95%Cl IV,Random, 95%Cl
De Negri 2007 76 04 1 781 04 10 13.9% -0.21 [-0.55, 0.13) —_—
Du 2014 48 023 44 54 025 42 17.7% -0.60[-0.70,-0.50] =
Liu 2010 54 014 50 53 013 50 18.1% 0.10 [0.05, 0.15) £ &
Ming 2007 59 02 42 57 01 56 18.0% 0.20 [0.13,0.27) -+
Rollinghoff 2009 61 044 53 63 034 51 17.2%  -0.20[-0.35, -0.05) =
Schoffer 2009 56 05 30 55 05 30 152% 0.10 [-0.17,0.37] -1
Total (95% Cl) 230 239 100.0%  -0.10 [-0.36, 0.16] ’

Heterogeneity: Tau? = 0.10; Chi? = 190.53, df = 5 (P < 0.00001); I = 97%
Test for overall effect: Z = 0.75 (P = 0.45)

05 025 0 025 05
Favours Vertebroplasty Favours Kyphoplasty

Fig. 5. Forest plot showing the delta visual analogue scale in vertebroplasty and kyphoplasty.*® SD, standard deviation; IV, inverse

variance; df, degrees of freedom; CI, confidence interval.

Kyphoplasty Vertebroplasty Mean Difference Mean Difference
StudyorSubgroup  Mean SD Total Mean SD Total Weight IV,Random,95%Cl IV, Random, 95%ClI
De Negri 2007 264 14 11 2481 17 10 33.0% 1.59 [0.25, 2.93] ——
Du 2014 34 26 44 356 28 42 343% -1.60[-2.74,-0.46) —
Rollinghoff 2009 449 37 53 436 35 S 3R7% 1.30 [-0.08, 2.68] —
Total (95% Cl) 108 103 100.0% 0.40 [-1.70, 2.51]

Heterogeneity: Tau? = 3.03; Chi? = 16.08, df = 2 (P = 0.0003); I* = 88%
Test for overall effect: Z = 0.37 (P = 0.71)

I 1 ! 4
T T T T T

2 41 0 1 2
Favours Kyphoplasty Favours Vertebroplasty

Fig. 6. Forest plot showing the delta Oswestry Disability Index in vertebroplasty and kyphoplasty.*® SD, standard deviation; IV,

inverse variance; df, degrees of freedom; CI, confidence interval.

Variable PVP BKP
VAS =

ODI =

Patient satisfaction =

Kyphotic angle =

Adjacent level fracture =

Sagittal balance =

Vertebral body heights < Superior

IN

Cement leakage Superior

6,200 USD

Cost 2,100 USD

Fig. 7. Comparison table of PVP and BKP. PVP, percutaneous
vertebroplasty; BKP, balloon kyphoplasty; VAS, visual analogue
scale; ODI, Oswestry Disability Index; USD, United States dollar.

osteoporotic vertebral compression fractures.

3. Timing of VP or BKP

There is debate as to whether different time frames for cement
augmentation affect clinical outcomes. A comprehensive sys-
tematic review of 11 studies aimed at comparing pain relief and
complication rates between early and late cement augmentation
was conducted. Two analyses were conducted: 1 study grouped
patients into “early” and “late” groups based on a cutoff period
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of 2 to 4 weeks (Analysis 1), and the other study grouped pa-
tients into “early” and “late” groups using 6 to 8 weeks as the
cutoft (Analysis 2). The total number of cohorts was 712 for
Analysis 1 and 775 for Analysis 2. Mean follow-up was 12.9+3.7
months and 11 +0.6 months, respectively. The change in VAS
at the final follow-up was significantly greater in the early group
in both analyses (MD =-0.5 and -0.5, respectively) (MD =-0.66,
p=0.01; MD =-1.18, p <0.005, respectively). There were no sig-
nificant differences in postoperative VAS absolute scores, num-
ber of cement leaks, number of adjacent compression fractures,
or local kyphosis angles in both analyses. Both groups had a de-
crease in VAS score that exceeded the minimum clinically im-
portant difference. In conclusion, postoperative absolute pain
scores, kyphosis angles, cement leakage, and adjacent vertebral
fractures were similar. Early surgery may provide substantial
pain relief in patients presenting with pain as early as 2 to less
than 4 weeks after VCF onset, according to the author Similarly,
we have not found a consensus on the appropriate surgical tim-
ing of BKP.

With regard to the relationship between timing of BKP and
clinical outcomes, a latest systematic review and meta-analysis
of 13 studies concluded that early BKP intervention was associ-
ated with similar or better outcomes in terms of pain relief, func-
tional improvement, restoration of vertebral height, and correc-
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tion of kyphosis deformity when compared to delayed BKP in-
tervention.* A meta-analysis showed no significant difference
in cement leak rates between early and late BKP (OR, 1.60; 95%
CI, 0.97-2.64; p=0.07), while delayed BKP was associated with
a higher risk of adjacent vertebral fracture than early BKP (OR,
0.31; 95% CI, 0. 13-0.76; p=0.01). Early BKP may achieve sim-
ilar or better clinical and radiological outcomes in the treatment
of OVF compared to delayed BKP. Furthermore, early BKP in-
terventions had a lower incidence of adjacent vertebral fractures
and a similar incidence of cement leakage compared to delayed
BKP. Based on current evidence, early BKP intervention may
be more beneficial to patients.

Current treatment algorithms based on established appropri-
ateness criteria may change recommendations to support early
vertebral augmentation for the most clinically challenging OVE.

4. Is VP Effective in Relieving Pain in Chronic OVF?

Although the prevailing opinion has been that VP is not use-
ful in the chronic phase of OVE, the results of a prospective ran-
domized clinical trial on the usefulness of VP in the chronic
phase have recently been reported (VERTOS V). The primary
outcome was pain severity, assessed by VAS (range, 0-10) at 12
months after treatment. Secondary outcomes were quality of
life and disability.

Patients were randomized to VP or anesthesia-only infusion.
The results showed that the VP group was superior to the local
anesthetic group in pain relief and improvement in quality of
life, although both groups were similar in disability at 12 months.*

The pain of most patients in the chronic phase of OVF origi-
nates from poor spinal alignment or kyphotic deformity, and
not all are considered eligible for treatment. of this study. The
patient background is relatively young, around 70 years of age,
with a VAS of at least 7 points and bone marrow edema on MRI,
and the indication for VP for patients in the chronic phase should
be fully considered.

5. Does Vertebroplasty Affect Mortality?

According to a meta-analysis of 19 studies reporting mortali-
ty and morbidity after VP/BKP in patients with OVF, compared
to NOM, VP/BKP reduces the 12-month risk of all-cause mor-
tality and morbidity by 19% and 36%, respectively. Moreover,
VP/BKP reduces by 77% the 12-month risk of infection from
any origin.” A meta-analysis by Hinde et al.* summarizing 16
references comparing mortality outcomes in patients with OVE
treated with vertebroplasty versus NOM found that of the 16
included studies, 8 showed a benefit, 7 showed no difference in

https://doi.org/10.14245/ns.2346936.468

mortality, and 1 had mixed results. A meta-analysis of more than
2 million patients with OVF (vertebroplasty = 382,070, NOM =
1,707,874) found a pooled HR of 0.78 (95% CI, 0.66-0.92; p=
0.003) comparing vertebroplasty with NOM, mortality was im-
proved at 2 and 5 years (HR, 0.70; 95% CI, 0.69-0.71; p <0.001;
and HR, 0.79; 95% CI, 0.62-0.9999; p = 0.05; respectively). BKP
was more beneficial than PVP in reducing mortality, with HRs
of 0.77 (95% CI, 0.77-0.78; p<0.001) and 0.87 (95% CI, 0.87-
0.88; p<0.001), respectively. In conclusion, in a meta-analysis
of more than 2 million patients, patients with OVF who under-
went vertebroplasty were 22% less likely to die up to 10 years
after treatment than those who received NOM.
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