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Abstract
Purpose The purpose of this review was to develop recommendations for non-invasive management of pain due to

osteoporotic vertebral compression fractures (OVCF) that could be applied in medically underserved areas and low- and

middle-income countries.

Methods We conducted a systematic review and best evidence synthesis of systematic reviews on the non-invasive

management of OVCF. Eligible reviews were critically appraised using the Scottish Intercollegiate Guidelines Network

criteria. Low risk of bias systematic reviews and high-quality primary studies that were identified in the reviews were used

to develop recommendations.

Results From 6 low risk of bias systematic reviews and 14 high-quality primary studies we established that for acute pain

management, in addition to rest and analgesic medication, orthoses may provide temporary pain relief, in addition to early

mobilization. Calcitonin can be considered as a supplement to analgesics; however, cost is of concern. Once acute pain

control is achieved, exercise can be effective for improving function and quality of life.

Conclusion The findings from this study will help to inform the GSCI care pathway and model of care for use in medically

underserved areas and low- and middle-income countries. Conservative management of acute pain and recovery of

function in adults with OVCF should include early mobilization, exercise, spinal orthosis for pain relief, and calcitonin for

analgesic-refractory acute pain.
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Graphical Abstract These slides can be retrieved under Electronic Supplementary Material.
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Introduction

The acute osteoporotic vertebral compression fracture

(OVCF) is a serious form of spinal pathology, typically

associated with moderate to severe initial pain, which is

most commonly managed on an out-patient basis. Spinal

compression fractures occur when the anterior portion of

the vertebra breaks and loses height, while the posterior

portion is maintained [1]. There are two types of com-

pression fractures: Type I, where the anterior column is

involved and the middle and posterior columns are intact;

and Type II, where the anterior and middle columns are

involved, and posterior column is intact [2]. Most spinal

compression fractures occur in patients suffering from

osteoporosis, owing to a decrease in vertebral bone mineral

density [3]. In patients with healthy bone density, spinal

compression fractures are most commonly caused by falls

or motor vehicle collisions [4].

Notwithstanding sparse epidemiological information on

osteoporosis and other fragility fractures in low- and

middle-income countries, the disease burden of osteo-

porosis is known to be increasing as a result of the aging

global population [5]. Major increases are expected to

occur outside Europe and North America, impacting in

particular Asia and South America [6]. Spinal compression

fractures have considerable consequences for patients and

society. Globally, in 2000, there were an estimated

1.4 million clinical vertebral osteoporotic fractures [7]. In

Europe, the incidence of osteoporotic vertebral fractures is

5.7/1000 for men and 10.7/1000 for women [8], and its cost

was estimated at €11 million in 2010 [9]. Osteoporotic

spinal compression fractures, which tend to recur, are

associated with considerable decline in physical and mental

health-related quality of life [10–13].

The conclusions of systematic reviews regarding the

management of osteoporotic compression fractures vary

[14–22], due in part to differences in critical appraisal and

evidence synthesis methodologies. Therefore, we con-

ducted a systematic review of systematic reviews to syn-

thesize the evidence and develop recommendations for the

non-invasive management of acute pain due to acute

OVCFs. This systematic review was carried out to inform

the Global Spine Care Initiative, whose mandate is to

transform the delivery of spine care, particularly in medi-

cally underserved areas and low- and middle-income

countries [18].

Methods

Eligibility criteria

Population Our review targeted systematic reviews of

adults or children with Type I or II OVCFs.

Intervention Non-invasive interventions including, but

not limited to, bracing, pharmacotherapy, exercise, and

passive physical modalities.

Comparison groups We included systematic reviews

that compared non-invasive interventions to other non-in-

vasive interventions, as well as placebo/sham intervention,

wait list, or no intervention.

Outcomes Eligible reviews had to include at least one of

the following outcomes: self-rated recovery, functional

recovery (e.g., disability, return to activities, work, or

school), clinical outcomes (e.g., pain, health-related quality

of life, depression), administrative data (e.g., time on

benefits), or adverse events.

Study characteristics Eligible reviews met the follow-

ing: (1) English language; (2) published in a peer-review

journal; (3) adults and/or children with Type I or II

osteoporotic spinal compression fractures; and (4) man-

agement as outlined in systematic reviews.

We excluded: (1) publication types: letters, editorials,

commentaries, unpublished manuscripts, dissertations,
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as a result of population aging, there is sparse epidemiological information on 
osteoporosis and other fragility fractures in low- and middle-income countries.

3. Control of acute OVCF pain is an essential precursor to early post-fracture 
rehabilitation; and evidence supports consideration of 3 therapeutic options in 
addition to analgesic drugs: exercise, spinal orthotics, and calcitonin.   
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Summary Table of Recommended Interven�ons for Acute OVCF Pain

Interven�on Benefits Harms Resources Feasibility Recommenda�on

Exercise 
(supervised or 
unsupervised) 

Small Small Low-Moderate High Recommended

Orthoses Small Small Low-Moderate Moderate-
High

Recommended

Calcitonin Small Moderate Moderate Moderate Recommended

Take Home Messages
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1. The current literature suggests that exercise can be effec�ve for restoring func�on 
and quality of life a�er an acute OVCF.

2. There is a poten�al role for spinal orthoses for the management of pain and early 
mobiliza�on for osteoporo�c spinal compression fractures.

3. Calcitonin can be considered for refractory pain; however, cost may be an issue in 
low- and middle- income countries.
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government reports, books and book chapters, conference

proceedings, meeting abstracts, lectures and addresses,

consensus development statements; and (2) previous ver-

sions of updated systematic reviews.

Information sources

We developed our search strategy in consultation with a

health sciences librarian, which was reviewed by a second

librarian using the Peer Review of Electronic Search

Strategies (PRESS) Checklist [23, 24]. We systematically

searched MEDLINE, EMBASE, AMED, National Guide-

line Clearinghouse, National Institute for Health and Care

Excellence, World Health Organization Guidelines, CPG

Infobase, ACP Clinical Practice Guidelines, Institute for

Clinical Systems Improvement, and Australian Govern-

ment from January 1, 1990 to May 13, 2015. Search terms

consisted of subject headings specific to each database and

free text words relevant to systematic reviews, guidelines,

osteoporosis, and fractures (see Online Resource Appendix

for the MEDLINE search strategy).

Study selection

Random pairs of trained, independent reviewers selected

eligible systematic reviews using a two-phase screening

process [(1) titles/abstracts; and (2) full text]. Reviewers

met to resolve disagreements and reach consensus on the

eligibility of reviews. We involved a third reviewer if

consensus could not be reached.

Assessment of risk of bias

Random pairs of independent reviewers critically appraised

the internal validity of eligible systematic reviews using the

Scottish Intercollegiate Guidelines Network (SIGN) crite-

ria (see Online Resource Figure 1) [25]. Consensus

between reviewers was reached through discussion. An

independent third reviewer resolved disagreements if nec-

essary. We contacted authors if additional information was

needed to complete the critical appraisal. Low risk of bias

systematic reviews were used in the evidence synthesis.

We did not use a quantitative score to assess the internal

validity of the review. Instead, we focused on the presence

or absence of important biases or methodological issues.

Data extraction and synthesis of results

The lead author extracted data from systematic reviews

with a low risk of bias to build evidence tables. Two co-

authors then extracted data from all low risk of bias pri-

mary studies included in the admissible systematic reviews.

A second reviewer independently checked the extracted

data. We performed a qualitative synthesis of findings from

low risk of bias reviews and high-quality primary studies

identified in these reviews to develop evidence statements

according to principles of best evidence synthesis [26].

Statistical analysis

We computed inter-rater reliability for article screening

using the kappa statistic (k) and 95% confidence interval (CI)

[27].We calculated the percentage agreement for classifying

articles as scientifically admissible/inadmissible.

Reporting

We reported our systematic review based on the Preferred

Reporting Items for Systematic Reviews and Meta-Anal-

yses (PRISMA) statement [28].

Recommendations

Through consensus of the Global Spine Care Initiative

(GSCI) Executive and co-authors, we categorized the

magnitude of benefits and harms, costs and feasibility as

uncertain, low/small, moderate, or high based on the cat-

egories used in the recent Agency for Healthcare Research

and Quality (AHRQ) review on low back pain interven-

tions [29] (see Online Resource Table 1). Recommenda-

tions were developed through consensus of the GSCI

steering committee taking into consideration possible

adaptations for low- and middle-income settings, using

evidence of benefits and harms from the reviewed litera-

ture. We classified each recommendation using the system

proposed by the National Institute for Health and Care

Excellence (see Online Resource Table 2) [30]. Based on

this methodology, recommendations start with the word

‘‘offer (recommended)’’ are for interventions that are of

superior effectiveness compared to other interventions,

placebo/sham interventions, or no intervention, ‘‘consider

(recommended for consideration)’’ are for interventions

providing similar effectiveness to other interventions, or

‘‘do not offer (recommended against)’’ are for interventions

providing no benefit beyond placebo/sham or are harmful.

Results

Study selection

After removing duplicates, 649 articles were screened for

eligibility resulting in 10 that were eligible for critical

appraisal (see Online Resource Figure 2)

[14–20, 22, 31, 32]. We were unable to retrieve full text for

four eligible articles [33–36]. Six reviews had a low risk of
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bias and were included in our evidence synthesis

[15, 16, 18–20, 22]. The inter-rater agreement for the

screening of articles was k = 0.97 (95% CI 0.94, 0.99).

The percentage agreement for the admissibility of sys-

tematic reviews during independent critical appraisal was

100% (10/10).

Study characteristics

Risk of bias within systematic reviews

We identified six systematic reviews with a low risk of bias

for the management of acute pain from OVCFs

[15, 16, 18–20, 22]. All six reviews with a low risk of bias

had clear research questions, did a comprehensive literature

search, specified whether they limited the review by pub-

lication type, provided characteristics of included studies,

declared conflicts of interest, and appropriately assessed

the scientific quality of studies (see Online Resource

Table 3). Most reviews: (1) had at least two reviewers

selecting studies and extracting data (5/6); and (2) used

appropriate methods for combining studies (5/6). System-

atic reviews had limitations: (1) did not list included and

excluded studies (4/6); and (2) did not assess for the like-

lihood of publication bias (4/6).

Four systematic reviews with a high risk of bias had the

following limitations: (1) unclear whether two reviewers

performed data selection and extraction (3/4); (2) did not

list included and excluded studies (4/4); (3) unclear or

inadequate critical appraisal of study quality (4/4); (4) the

scientific quality was not assessed appropriately (4/4); (5)

inappropriate methods for combining studies (4/4); (6) no

assessment of publication bias (4/4); and (7) did not declare

conflicts of interest (3/4) (see Online Resource Table 4).

Quality of primary studies included in the systematic
reviews

There were 14 high-quality primary studies within the 6

included systematic reviews (based on appraisal methods

used in each review); however, we were unable to retrieve

one high-quality primary study [37] (see Online Resource

Tables 5 and 6). One systematic review only found low-

quality primary studies and, therefore, results from these

studies were not extracted and synthesized [20].

Summary of evidence

Medication

Recommendation 1: consider oral analgesics for acute pain

control using recognized incremental approaches to the

choice of drugs/drug combinations and dosages such as the

WHO Analgesic Ladder, with full consideration of and

patient education for side effects, complications and risks.

Although acute pain control is often a necessary com-

ponent of treatment, the inconclusive nature of the current

evidence for the effectiveness of any form of non-opioid or

opioid analgesics for the treatment of acute pain after

OVCFs precludes developing any specific guideline/ap-

proach for this injury. In the randomized controlled trial

(RCT) by Vorsanger et al., no significant differences were

found for pain at 72 h between oxycodone and placebo or

between tapentadol and placebo; however, the study was

underpowered to detect differences and was terminated

early due to poor enrolment [38]. One RCT investigated

three medications for the management of acute OVCF in

women [39]. Participants in the study were randomized to

receive: (1) tramadol hydrochloride (100 mg/day over

4 weeks); (2) diclofenac sodium (75 mg/day over

4 weeks); or (3) Xin Huang Pian (a combination of indo-

methacin and traditional Chinese medicines used for pain

relief) when needed for severe pain. There were statisti-

cally significant differences favoring diclofenac sodium

over Xin Huang Pian in the short term (B1 week) [mean

difference: -1.66 (95% CI -2.88, -0.44)] and interme-

diate term ([1 week B 1 month) [mean difference: -1.17

(95% CI -2.32, -0.03)] for improvement of pain [39].

There were also statistically significant differences

favouring tramadol hydrochloride over Xin Huang Pian in

the short term (B1 week) [mean difference: -1.58 (95%

CI -2.83, -0.33)] and intermediate term ([1 week -

B 1 month) [mean difference: 1.23 (95% CI -2.42,

-0.05)] for improvement of pain [39]. Oxycodone and

tapentadol have not been shown to be effective in provid-

ing short-term pain relief for vertebral compression frac-

tures. Given the lack of evidence on analgesics specifically

for compression fractures, clinicians should follow the

WHO analgesic ladder for acute pain when considering

analgesic drugs, generally with non-steroidal anti-inflam-

matories as a first-line option, reserving opioids for mod-

erate to severe, refractory pain [40].

Recommendation 2: if oral analgesics do not achieve

adequate pain relief for mild-moderate acute pain in

OVCFs, consider supplementation with calcitonin

(0–5 days post-onset of symptoms) (three reviews)

[15, 16, 22] (see Online Resource Tables 5, 6 and Table 1).

The preponderance of the evidence found that calcitonin

was more effective than placebo for acute OVCFs. Four

high-quality primary studies in three systematic reviews

[15, 16, 22] assessed the effectiveness of calcitonin for

acute OVCFs compared to placebo intervention [41–44].

We were unable to retrieve a fifth primary study [37].

Three studies by Lyritis et al. demonstrated that calcitonin

administered either through injection or suppository was
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significantly more effective than placebo for decrease in

pain [41–43]. Additionally, two studies showed a signifi-

cant difference in decreasing use of paracetamol favouring

the calcitonin group [41, 43]. However, in another study by

Ponteroli et al., there were no significant differences

between the three groups (intranasal salmon calcitonin,

intramuscular salmon calcitonin, and placebo) in pain [44].

It should be noted that tachyphylaxis is often seen with

calcitonin, which limits long-term use. Calcitonin is also

more expensive than other available analgesics [45, 46].

Exercise

Recommendation 3: once acute pain has been relieved,

consider either supervised or unsupervised exercise

(strengthening, stretching, and balance, agility, and posture

exercises) for the initial rehabilitation of acute OVCFs (two

reviews) [18, 47] (see Online Resource Tables 5, 6 and

Table 1).

Exercise may be effective for the treatment of acute

OVCFs. Two systematic reviews evaluated the effective-

ness of exercise for the treatment of compression fractures

[18, 19]. Four studies in the systematic reviews included

post-menopausal women with osteoporosis with at least

one vertebral compression fracture. Exercise interventions

varied within each study but included strengthening,

stretching, and balance, agility and posture exercises. Two

studies assessed supervised exercise compared to usual

activity [48, 49], one assessed home-based exercise com-

pared to usual activity [50] and one assessed pain-free

exercises compared to a combination of calcium, vitamin

D, calcitonin and low-frequency pulsed electromagnetic

field therapy [51]. All primary studies found that exercise

was more effective than the comparison interventions for

outcomes such as quality of life [49, 50], and various

functional outcomes [48, 51]. Exercise should be intro-

duced incrementally with particular caution in patients with

acute (\3 months) fractures [48–50].

Orthoses

Recommendation 4: consider a spinal orthosis for the

management of acute OVCFs (one review) [22] (see Online

Resource Tables 5, 6 and Table 1).

One systematic review included one high-quality pri-

mary study that assessed the effectiveness of orthoses [22].

For acute OVCFs in osteoporotic women, subjects who

received thoracolumbar orthoses gained significant

increases in back extensor strength, abdominal flexor

strength, body height, relaxed vital capacity, and well-be-

ing compared to no intervention. Statistically significant

decreases in average pain and in parameters describing

limitations of daily living, such as disability and self-care

were seen in the orthotic groups compared to the no-in-

tervention group [52].

Multimodal care

There is insufficient evidence for the effectiveness of

multimodal care for acute OVCFs. Two systematic reviews

included three high-quality primary studies of multimodal

care for women with acute OVCFs [18, 19]. Two primary

studies compared multimodal care versus no intervention

[53, 54] and one primary study compared multimodal care

versus education [55]. In one trial, multimodal care (taping,

massage, mobilization, education and exercise addressing

range of motion and posture) was more effective than no

intervention for mean change (NRS 0–10) in pain on

movement [1.8 (95% CI 0.1, 3.5)] or at rest [2.0 (95% CI

0.2, 3.9)] and improvement in physical function (QUA-

LEFOO-41) [4.8 (95% CI 0.5, 9.2)] [54]. In one study by

Bautmans et al., there was greater improvement in thoracic

kyphosis in the multimodal care group (manual mobiliza-

tion, taping, and exercises for postural correction) over

wait-list (p = 0.017) [53]. In another study by Bautmans

et al., no differences were found for quality of life or pain;

however, the study had a small sample size and low

Table 1 Interventions for acute OVCF pain

Intervention Benefits Harms Resources Feasibility Recommendation

Exercise (supervised or unsupervised) Small Small Low–

moderate

High RC

Multimodal care (exercise ? manual

therapy ? education)

Inconclusive Small Moderate Moderate Insufficient data

Orthoses Small Small Low–

moderate

High–

moderate

RC

Calcitonin Small Moderate Moderate Moderate RC

Opioids Insufficient

data

Moderate–

high

Low–

moderate

High Insufficient data

RC recommended for consideration
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compliance [53]. In the third study, Gold et al. found sta-

tistically significant differences in mean change for trunk

extension strength [10.68 (95% CI 6.98, 14.39)] and psy-

chological symptoms [-0.03 (95% CI -0.20, -0.10)]

favouring multimodal care (exercise focusing on trunk

weakness, flexibility and posture and coping classes) over

education [55]. No significant differences were found

between groups for pain with activities [55]. In these

studies, sessions ranged from 10 weeks to 6 months.

Discussion

We summarized the findings from 6 systematic reviews,

which drew upon 14 high-quality primary studies. We did

not find evidence that would permit creation of a unique

analgesic drug choice/dose guideline specific to acute OVCF

pain control: we instead suggest the use of existing general

acute analgesia guidelines such as that of WHO [56]. Our

review suggests that calcitonin may be effective for moder-

ate to severe pain when oral analgesics have failed to achieve

effective pain relief; however, calcitonin is costly compared

to other analgesics. Orthoses were found to be effective for

interim pain relief and facilitation of early mobilization and

have the additional advantage of being potentially available

at a low cost; however, evidence was limited to one high-

quality trial. Our review found that exercisewas effective for

initial rehabilitation of OVCF, once acute pain was relieved.

However, there was insufficient evidence for increased

efficacy through multimodal interventions.

Implications for management of pain due
to acute OVCFs in low- and middle-income
communities

We conducted this systematic review within the Global

Spine Care Initiative, whose mandate is to inform the

implementation of evidence-based spine care in under-

served and low-income communities worldwide [18].

Most patients who present with an acute OVCF do not

require hospitalization; exceptions may include spinal

instability, neurological impairment, or absence of pain

control. There are a discrete set of components needed in

any program of care for effective symptom management

and rehabilitation of acute OVCFs within the patient’s own

community. These components include education; activity

regulation; pain control and facilitation of remobilization

through analgesic drugs, spinal orthoses and rehabilitative

exercises. Provision of a program of care with these com-

ponents would appear to be at least potentially feasible for

many underserved, low and moderate-income

communities.

Osteoporosis is a progressive, systemic illness. Alongside

fracture symptom control and rehabilitation, it is critically

important to address the underlying osteoporosis. In most

cases, and even more so in underserved communities, the

onset of the first acute OVCF is the first opportunity to

diagnose and then manage the underlying condition.

Strengths

Our review has strengths. First, we developed a compre-

hensive search strategy in consultation with a health sci-

ences librarian, which was peer reviewed by a second

librarian to minimize errors. Second, we defined an explicit

set of eligibility criteria and developed a standardized

screening process to identify relevant systematic reviews.

Pairs of trained, independent reviewers used the SIGN

criteria to assess internal validity of relevant studies.

Finally, we followed best evidence synthesis principles to

only synthesize the evidence from primary studies with low

risk of bias and minimize bias associated with high risk of

bias studies, increasing confidence in the results.

Limitations

Our review has limitations. We only searched the English

literature; however, systematic reviews of clinical trials

investigating the impact of language restriction found that

it does not lead to bias as most large trials are published in

English [28, 57]. It is also possible that potentially relevant

articles were excluded from our search, given the lack of

consistency in terminology for osteoporotic vertebral

compression fracture. Third, critical appraisal of systematic

reviews may vary between reviewers. However, reviewers

were trained in advance and standardized assessment forms

were used to minimize potential bias.

Conclusions

Our review informs the development of evidence-based

approaches for the non-invasive management of acute pain

and recovery of function in adults with acute OVCFs. Since

evidence on the effectiveness of analgesic drugs for acute

pain in osteoporotic spinal compression fractures is limited,

general principles of analgesic use based on the WHO

analgesic ladder are recommended. Calcitonin can be

considered for refractory pain; however, cost may be an

issue. There is a potential role for spinal orthoses for the

management of pain and early mobilization for osteo-

porotic spinal compression fractures. The current literature

suggests that exercise can be effective for restoring func-

tion and quality of life after an acute OVCFs.
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