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Abstract: Background: Exercise intervention might be beneficial to the patients with osteoporotic vertebral fractures. However, the results remained controversial. We conducted a systematic review and meta-analysis to explore
the effect of exercise intervention on pain, quality of life and functional mobility of patients with osteoporotic vertebral fractures. Methods: PubMed, EMbase, Web of science, EBSCO, and Cochrane library databases were systematically searched. Randomized controlled trials (RCTs) assessing the effect of exercise intervention on osteoporotic
vertebral fractures were included. Two investigators independently searched articles, extracted data, and assessed
the quality of included studies. The primary outcome was pain scores Meta-analysis was performed using randomeffect model. Results: Six RCTs involving 425 patients were included in the meta-analysis. Overall, compared with
control intervention, exercise intervention was found to significantly reduce the pain scores (Std. mean difference
=-0.95; 95% CI=-1.37 to -0.53; P<0.0001) and improve the quality of life (Std. mean difference =-1.09; 95% CI=1.86 to -0.31; P=0.006), but demonstrated no influence on timed up and go (Std. mean difference =-0.36; 95%
CI=-0.96 to 0.24; P=0.24), physical function (Std. mean difference =-0.32; 95% CI=-0.72 to 0.08; P=0.12). Conclusions: Compared to control intervention, exercise intervention was found to significantly reduce the pain scores and
improve the quality of life, but had no influence on timed up and go and physical function.
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Introduction
Osteoporosis could result in reduced strength
and increased risk for fractures because of low
bone mineral density and microarchitectural
deterioration of bone [1-3]. Vertebral fractures
became ubiquitous in osteoporosis patients
and they may happen during normal daily activities including stair climbing and bending forward etc. Previous studies reported that the
prevalence of morphometric vertebral fractures
for patients (≥50 years old) ranged from 7.2%
to 12% in men and 7% to 16% in women [4-6].
Osteoporotic vertebral fractures led to back
pain, subsequent fractures, low quality of life,
disability, kyphosis and high mortality. The
back pain was mainly caused by the fractures
and secondary changes in the intervertebral
joints and the neighboring muscular ligament
complex [7-10].

There were pharmacological and non-pharmacological treatment for these osteoporotic vertebral fractures. Anti-osteoporotic medications
could decrease fracture risk through improving
bone mineral density and influencing bone
remodeling [11-13]. Non-pharmacological treatment included physical exercise to improve
muscle strength and functional mobility, quality
of life and to reduce pain [5, 14, 15]. Exercise
was generally straightforward, and widely accepted. Specially designed exercises was recommended for patients with osteoporotic vertebral fractures in order to improve spinal stability
and posture [16-18]. Exercise intervention was
reported to alleviate pain, improve the quality of
patients’ life and functional mobility of patients
with osteoporotic vertebral fractures [5, 19,
20].
In contrast to this promising finding, however,
some relevant RCTs showed that exercise inter-
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vention had no influence on pain control and
the quality of life for osteoporotic vertebral fractures [5, 21]. Considering these inconsistent
effects, we therefore conducted a systematic
review and meta-analysis of RCTs to evaluate
the effectiveness of exercise intervention on
pain, quality of life and functional mobility of
patients with osteoporotic vertebral fractures.

Quality assessment in individual studies

This systematic review and meta-analysis were
conducted according to the guidance of the
Preferred Reporting Items for Systematic Reviews and Meta-analysis statement [22] and
the Cochrane Handbook for Systematic Reviews of Interventions [23]. All analyses were
based on previous published studies, thus no
ethical approval and patient consent were
required.

The Jadad Scale was used to evaluate the
methodological quality of each RCT included in
this meta-analysis [24]. This scale consisted of
three evaluation elements: randomization (0-2
points), blinding (0-2 points), dropouts and
withdrawals (0-1 points). One point would be
allocated to each element if they have been
mentioned in article, and another one point
would be given if the methods of randomization
and/or blinding had been appropriately described in detail. If methods of randomization
and/or blinding were inappropriate, or dropouts
and withdrawals had not been recorded, then
one point was deducted. The score of Jadad
Scale varied from 0 to 5 points. An article with
Jadad score ≤2 was considered to be of low
quality. If the Jadad score ≥3, the study was
thought to be of high quality [25].

Literature search and selection criteria

Statistical analysis

PubMed, EMbase, Web of science, EBSCO, and
the Cochrane library were systematically searched from inception to March 2017, with the
following keywords: exercise or physical activity, and osteoporotic vertebral fracture. No limitation was enhanced. To include additional eligible studies, the reference lists of retrieved
studies and relevant reviews were also handsearched and the process above was performed repeatedly until no further article was
identified. Conference abstracts meeting the
inclusion criteria were also included.

Standard Mean differences (Std. MDs) with
95% confidence intervals (CIs) for continuous
outcomes (pain score, quality of life score,
timed up and go, and physical function) were
used to estimate the pooled effects. All metaanalyses were performed using random-effects
models with DerSimonian and Laird weights.
Heterogeneity was tested using the Cochran Q
statistic (P<0.1) and quantified with the I2 statistic, which described the variation of effect
size that was attributable to heterogeneity
across studies. An I2 value greater than 50%
indicated significant heterogeneity. Sensitivity
analysis was performed to detect the influence
of a single study on the overall estimate via
omitting one study in turn when necessary.
Owing to the limited number (<10) of included
studies, publication bias was not assessed.
P<0.05 in two-tailed tests was considered statistically significant. All statistical analyses
were performed with Review Manager Version
5.3 (The Cochrane Collaboration, Software
Update, Oxford, UK).

Materials and methods

The inclusion criteria were as follows: study
population, patients with osteoporotic vertebral fracture; intervention, exercise intervention; control, standard care; outcome measure,
pain score; and study design, RCT.
Data extraction and outcome measures
The following information was extracted for the
included RCTs: first author, publication year,
sample size, baseline characteristics of patients, exercise intervention, control, study
design, pain score, quality of life score, timed
up and go, and physical function. The author
would be contacted to acquire the data when
necessary.
The primary outcome was pain score. Secondary outcomes included quality of life score,
timed up and go, and physical function.
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Results
Literature search, study characteristics and
quality assessment
The flow chart for the selection process and
detailed identification was presented in Figure
1. 749 publications were identified through the
Int J Clin Exp Med 2017;10(7):9864-9870
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Figure 1. Flow diagram of study searching and selection process.

under the instructor’s supervision [5]. Patients in control
intervention group got usual
daily activities.
Among the six RCTs, three
studies reported the pain
score [5, 19, 21], two studies
reported the quality of life
scores [5, 21], three studies
reported the timed up and go
[5, 20, 21], and two studies
reported the physical function
[5, 21]. Jadad scores of the
five included studies varied
from 3 to 5, all six studies
were considered to be highquality ones according to
quality assessment.
Primary outcome: pain score

initial search of databases. Ultimately, six RCTs
were included in the meta-analysis [5, 19-21,
26, 27].
The baseline characteristics of the six eligible
RCTs in the meta-analysis were summarized in
Table 1. The six studies were published between 2004 and 2016, and sample sizes ranged from 20 to 185 with a total of 425. There
were no significant difference of age, BMI (or
body mass), and fasting glucose in pregnant
woman multilevel vertebral fracture number at
baseline. Exercise programs in each included
study were different. For example, one included
trial included patients undergoing percutaneous vertebroplasty for spinal osteoporotic compression fracture, and the exercise program
consisted of three essential components: five
points support, three points support and one
point support training (swallow exercise) [19].
Another study reported patients received exercise program including 10 min warm up, a
sequence of exercises for 40 min: walking forwards, backwards, and sideways while changing direction, avoiding and stepping over obstacles, climbing steps, getting down to and up
off the floor, balance training, posture promoting and trunk and chest exercises, as well as
10 min stretching [26]. One included studies
reported that patients in exercise intervention
group obtained performed a specially designed
40-min program of physical exercises (including introductory Session (8 min), main Session
(28 min) and final session (4 min)) twice weekly
9866

This outcome data was analyzed with a random-effects model, the pooled estimate of the
three included RCTs suggested that compared to control group, exercise intervention was
associated with a significantly decreased pain
scores (Std. mean difference =-0.95; 95% CI=1.37 to -0.53; P<0.0001), with low heterogeneity among the studies (I2=23%, heterogeneity
P=0.27) (Figure 2).
Sensitivity analysis
Low heterogeneity was observed among the
included studies for the pain scores. Thus, we
did not perform sensitivity analysis by omitting
one study in each turn to detect the source of
heterogeneity.
Secondary outcomes
Compared with control intervention, exercise
intervention showed significantly reduced quality of life scores (Std. mean difference =-1.09;
95% CI=-1.86 to -0.31; P=0.006; Figure 3), but
had no influence on timed up and go (Std. mean
difference =-0.36; 95% CI=-0.96 to 0.24;
P=0.24; Figure 4), physical function (Std. mean
difference =-0.32; 95% CI=-0.72 to 0.08;
P=0.12; Figure 5).
Discussion
One recent meta-analysis published in 2013
showed that exercise intervention was able to
significantly reduce timed up and go after poolInt J Clin Exp Med 2017;10(7):9864-9870

Influence of exercise on osteoporotic vertebral fractures
Table 1. Characteristics of included studies
Exercise group
NO.

Author

Number

Age
(years)

BMI (kg/m2)
or Body
mass (kg)
-

Control group
Multilevel
vertebral Number
fractures (n)

Age
(years)

BMI (kg/m2)
or Body
mass (kg)

67.6 ± 7.0

-

Number of Jada
vertebral scores
fractures

1

Evstigneeva 2016

40

70.7 ± 8.1

-

38

2

Chen 2012

22

70.3 ± 14.1 20.1 ± 5.2 kg/m2

3

20

67.1 ± 15.8 19.5 ± 4.8 kg/m2

-

5

3

4

3

Bergland 2011

38

70.8 ± 5.9 25.4 ± 4.7 kg/m2

-

32

72.0 ± 5.8 25.6 ± 3.7 kg/m2

-

3

4

Bennell 2010

11

66.2 ± 8.0

68.1 ± 12.8 kg

2

9

66.3 ± 11.8

68.3 ± 12.4 kg

1

4

5

Yang 2007

15

-

-

-

15

-

-

-

4

6

Gold 2004

94

80.2 ± 4.8

-

-

91

82.0 ± 6.2

-

-

3

Figure 2. Forest plot for the meta-analysis of pain score. Pain score was represented as the visual analogue scale,
which measured the pain on a scale of 0 to 10, with 0 indicating no pain at all and 10 indicating the maximum
imaginable pain.

Figure 3. Forest plot for the meta-analysis of quality of life scores which consisted of 41 questions arranged in five
domains: pain, physical function, social function, general health perception, and mental function. Domain scores
plus a total score were scaled from 0-100 where a lower score represented better quality of life.

Figure 4. Forest plot for the meta-analysis of timed up and go (s). When performing this test, a patient was asked to
stand up from a chair, walked three meters, then went back and sit down. The test was evaluated twice measuring
the time in seconds. The best test result was recorded.

ing the results of two included RCTs [20, 26],
but had no influence on posture or bone mineral density compared to daily activity control
group. However, one of the two included RCTs
for analyzing timed up and go reported the
change of timed up and go from baseline [26],
but the other trial showed the timed up and go
at the end of follow up time [20].
9867

In our meta-analysis, two recent RCTs were
included [5, 19]. The results showed that exercise intervention showed no effect on functional mobility as showed by timed up and go after
pooling the results of three included RCTs all of
which reported the timed up and go at the end
of follow-up time [5, 20, 21]. In addition, our
meta-analysis clearly suggested that compared
Int J Clin Exp Med 2017;10(7):9864-9870
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Figure 5. Forest plot for the meta-analysis of physical function.

to control intervention, exercise intervention
was associated with a significantly reduced
pain scores and quality of life scores, but had
no influence on physical function. Quality of life
was evaluated with the questionnaire which
was especially designed and validated for
patients with osteoporotic vertebral fractures
and back pain. Assessment of the questionnaire included pain, activities of daily living,
mobility, social function, general health perception, and mental function etc. The lowest quality of life score in every domain corresponds to
a total of 100 points, and the highest quality of
life was represented by a total score equal to 0
[5]. Thus, our results found that quality of life
was substantially improved after exercise intervention. These results were consistent with
previous studies reporting that exercise had a
positive impact on quality of life in older people
with or without osteoporosis [28, 29].
One included RCT reported the exercise intervention resulted in 5% new vertebral fractures
in patients with osteoporotic vertebral fractures, but 5.3% new vertebral fractures occurred in control group. New non-vertebral fractures were found more frequently in the control
group (13.2%) compared to the exercise group
(5%) [5]. The timed up and go test was used to
assess functional mobility. A patient was asked
to stand up from a chair, walk three meters,
then went back and sit down. The test was evaluated twice measuring the time in seconds.
The best test result was included in the analysis when performing this test. One recent
meta-analysis found that exercise intervention
could significantly reduce the test time after
pooling the results of two included RCTs [30],
but our meta-results showed that there was
no significant difference of test time between
exercise group and control group after analyzing three included RCTs. In addition, the time of
Sit-to-Stand test was also used to evaluate
functional mobility, and exercise intervention

9868

was not associated with a significantly reduced
time of Sit-to-Stand test, which also confirmed
that exercise intervention had no influence on
functional mobility [5].
Several limitations should be taken into account. Firstly, our analysis was based on only six
RCTs and five of them have a relatively small
sample size (n<100). Overestimation of the
treatment effect was more likely in smaller trials compared with larger samples. More clinical
trials with large sample were needed to explore
this issue. The methods, duration time and
intensity of exercise in the included studies
were different and it may have an influence on
the pooling results. Next, the follow-up time of
include studies ranged from 6 to 24 months,
which affected the pooling results. There was
only one included RCT reporting the incidence
of new bone fracture, and it was hard to evaluate the influence of exercise intervention on
new fracture occurrence. Finally, some unpublished and missing data might lead bias to the
pooled effect.
Conclusion
Exercise intervention showed an important
ability to reduce pain and improve the quality of
life in patients with osteoporotic vertebral fractures. Exercise intervention was recommended
to be administrated in osteoporotic vertebral
fracture patients, but more studies should
investigate the optimal methods and duration
time exercise.
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