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Abstract

Summary We performed a randomized clinical trial to evalu-
ate the effect of a 12-month physical exercise program on
quality of life, balance, and functional mobility in postmeno-
pausal women with osteoporotic vertebral fractures. All three
outcomes improved in the intervention group and were better
than in the controls.

Introduction Th aim of this study was to evaluate the effec-
tiveness of a structured physical exercise intervention on qual-
ity of life, functional mobility, and balance in patients with
osteoporotic vertebral fractures and back pain.

Methods Seventy-eight postmenopausal women with verte-
bral fractures were randomized into an exercise group
(n=40) and a control group (n=38). The mean age was
69.2+7.7 years. All women had at least one osteoporotic ver-
tebral fracture and suffered from chronic back pain. Patients
with a history of vertebral and non-vertebral fracture within
the past 6 months were excluded. The 40-min exercise pro-
gram was conducted twice weekly for 1 year. Participants
in the control group were instructed to continue their
usual daily activities. Participants were assessed at baseline
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and at 12 months using the Quality of Life Questionnaire
(QUALEFFO-41). Balance was measured with the
Balance Master® System NeuroCom® and functional
mobility was measured with the “timed up and go” test
and “sit-to-stand” test.

Results Total QUALEFFO-41 score after 12 months was sig-
nificantly better in the exercise group (44.2+7.5) compared to
the control group (56.6+9.4), p<0.0001. Quality of life im-
proved in domains: “Pain”, “Physical function: Jobs around
the house”, “Physical function: Mobility”, “Social function”,
“General health perception” in the exercise group as compared
to the control group. After 12 months, balance as assessed by
“Tandem Walk and Sway” became significantly better in the
exercise group as compared to the control group (p=0.02). A
significant improvement in the “timed up and go” test
(»=0.02) and the “sit-to-stand” test (»p=0.01) was shown in
the exercise group compared to the control group.
Conclusions This is the first 12 month-randomized clinical
trial of exercise in osteoporotic women with a vertebral frac-
ture that demonstrates improvement of three key outcome
measures: quality of life, functional mobility, and balance.

Keywords Osteoporosis - Physical exercise - Vertebral
fractures

Introduction

Osteoporosis is a systemic disease of the skeleton character-
ized by low bone mineral density and microarchitectural de-
terioration of bone resulting in reduced strength and increased
risk for fractures [1]. Vertebral fractures, widely recognized to
be classic osteoporotic fractures, may occur during normal
daily activities, such as stair climbing, bending forward etc.
They typically occur without falling. In accordance with
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population studies conducted in Russia, the prevalence of
morphometric vertebral fractures for patients aged 50 years
and older ranges from 7.2 to 12 % in men and 7 to 16 % in
women [2, 3]. Osteoporotic vertebral fractures lead to an in-
creased risk for subsequent fractures, lower quality of life,
disability, and higher mortality [4—6].

Patients with vertebral fractures often suffer from back pain
caused by both the fractures themselves and secondary chang-
es in the intervertebral joints and the neighboring muscular-
ligament complex. The treatment of such patients should be
comprehensive and include both pharmacological and non-
pharmacological interventions. Anti-osteoporotic medications
reduce fracture risk by influencing bone remodeling mecha-
nisms. These drugs reduce vertebral fracture risk by 30-70 %,
hip fractures by 2040 %, and non-vertebral fractures by 15—
20 % [7, 8]. Non-pharmacological interventions include phys-
ical exercise to improve muscle strength and balance, decrease
pain, and improve quality of life [9]. Exercise is generally very
straightforward, not requiring significant material costs or spe-
cial equipment. It can be done at home. Patients with osteo-
porotic vertebral fractures are often advised to adhere to spe-
cially designed exercises for spinal stability and posture
[10—12]. Only a few previous randomized studies on the effect
of exercise on quality of life and physical activity in patients
with osteoporotic vertebral fractures have been published.
These studies were heterogeneous in methodology and
yielded controversial results [13-20].

The objective of our study was to evaluate the effectiveness
of a structured physical exercise intervention on quality of life,
functional mobility, and balance in patients with osteoporotic
vertebral fractures and back pain.

Materials and methods

Study participants were women aged 50 years and older with
postmenopausal osteoporosis and at least one radiographically
confirmed vertebral fracture and chronic back pain. Exclusion
criteria were vertebral and non-vertebral fracture within the
past 6 months, secondary osteoporosis, osteomalacia, inflam-
matory joint, or spine disease, diffuse connective tissue dis-
ease, history of malignancy in the last 5 years, significant
functional abnormalities of the cardiovascular, respiratory,
gastrointestinal, or nervous system, renal disease, and cortico-
steroid intake during the last year.

All patients gave written informed consent prior to being
enrolled in the study and were informed, at that time, that they
had an equal chance of being included in either the pro-
grammed exercise group or a control group without any active
intervention.

Patients were randomly assigned to the exercise and con-
trol groups in a 1:1 ratio. Randomization was performed using
pre-generated randomization numbers in sealed opaque
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envelopes. An independent person not having any information
about the patients opened the envelopes. Randomization num-
ber was reported to a researcher (LE) by telephone.

The study cohort was recruited from the Sverdlovsk Regional
Hospital No. 1 and the Ural Institute of Traumatology and
Orthopedics. Of the 135 women who were invited to participate,
78 subjects accepted.

Patients in the exercise group performed a specially de-
signed 40-min program of physical exercises [21] in the exer-
cise therapy gym twice weekly under the instructor’s supervi-
sion. The set of exercises consisted of three parts.

1. Introductory Session (8 min). Subjects were prepared by
being introduced to positions such as sitting, standing,
supported standing position, standing with objects
(sticks), and walking. In the introductory session, dynam-
ic exercises for small, and medium-sized muscle groups
and joints of the upper and lower extremities were per-
formed. Movements were conducted at an average speed
with the maximum possible amplitudes.

2. Main Session (28 min). Special exercises were conducted.
Initial positions were lying supine, sideways, prone, and
knee-fist. Dynamic exercises for major muscle groups and
joints were conducted for 10 min to strengthen the exten-
sor muscles, increase mobility of the thoracic spine and
improve posture. In addition, they performed isometric
exercises for 14 min to strengthen the muscles of the low-
er extremities, abdomen, and back extensors. The exer-
cises were interspersed with breathing techniques aimed
to decrease a training load. The exercise program did not
include spinal flexion and exercises with axial load
bearing.

3. Final session (4 min).The training load was gradually re-
duced. Breathing exercises combined with dynamic exer-
cises for the upper extremities and diaphragm breathing
were implemented. Exercises were conducted at a slow
speed and maximum amplitude.

Relaxation techniques and autogenic training lasting for
several minutes in the initial position lying supine followed
the final part. The intensity of exercise increased with time.

When regular attendance of the sessions was impossible,
patients were allowed to perform the structured exercise pro-
gram at home provided that they had been properly trained
previously by an instructor. Patients performing exercises on
their own were given a booklet with the description of the
whole structured program of exercises and a DVD-disk of
these exercises.

Patients in the control group were asked to maintain their
current level of physical activity. They could continue
performing exercises at home on their own if they had per-
formed the exercises prior to having been included in the
study. The primary end-point of the study was change in
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quality of life over 12 months. The secondary end-points were
changes in balance, functional mobility, severity of thoracic
kyphosis, and subsequent fractures.

Quality of life was evaluated with the questionnaire
QUALEFFO-41, which was especially designed and validat-
ed for patients with osteoporotic vertebral fractures and back
pain [22]. Assessment of the questionnaire included both the
total score and the score in the seven domains: pain, activities
of daily living, jobs around the house, mobility, social func-
tion, general health perception, and mental function. Three
domains of the aforementioned (activities of daily living, jobs
around the house, and mobility) are supposed to reflect
physical functioning. The lowest quality of life score in
every domain corresponds to a total of 100 points; the highest
quality of life is reflected by a total score equal to 0. Therefore,
a lower score indicates a higher quality of life.

For assessment of balance, functional mobility, and its dy-
namics, stabilometry was used. The study was conducted with
a computed posturographic system for diagnostics of balance
and movement skills (Balance Master® System NeuroCom®)
designed to objectively quantify balance and postural function
of different origin [23-26]. To assess physical function and
balance, possibly reflecting disorders of the musculoskeletal
system, three tests were chosen.

1. “Weight-bearing/squat’ test to maintain static balance was
performed to quantify the weight supported by each leg.
The assessment is conducted in the upright position with
extended legs. Weight distribution for each leg (as a per-
centage of body weight) is estimated and the difference
between legs is calculated (normally, the allowable differ-
ence ranges from 5 to 15 % depending on the age of the
patient). An increase in the asymmetry between legs may
correspond to disorders of the musculoskeletal system or
the presence of a neurological motor deficit.

2. “Sit-to-stand” test provides an estimate of functional mo-
bility assessed with the patient performing from a sitting
position, without hands, the following tasks:

(a) Weight transfer: time (in seconds) to shift the center
of gravity from the moment the patient hears/sees a
verbal or color command to the time when the patient
completes the task the center of gravity is located
over his feet;

(b) Left/right weight symmetry: distribution of a support
between the legs during lifting (percentage of body
weight).

3. Test “tandem walk and sway” performed as follows: a
patient is asked to walk on a straight line moving the toe
to the heel, to stop moving on command and to keep
balance for 5 s. Oscillations of the center of gravity for
5 s after the command to stop motion (degrees per second)
are assessed.

Patients with disorders of the musculoskeletal system, mus-
cle weakness, or vestibular/motor deficit show asymmetry in
distribution of support between their legs and high center of
gravity fluctuation. In addition, they need more time to com-
plete tests. To obtain clinically significant data, the design of
the study included repetitive measures (%3) of the second and
third tests. The computer program automatically calculated
the parameters for each patient, taking into account age, and
height.

Among these tests, tandem walk and sway test reflects
balance to a greater extent than others, because it assesses
fluctuations in center of gravity. Weight-bearing/squat and
sit-to-stand tests mainly reflect muscular-skeletal abnormali-
ties could show asymmetry for different reasons (osteoarthri-
tis, joint deformities, muscle weakness, motor neural deficit).
The second parameter of the sit-to-stand test (b.) reflects main-
ly functional mobility.

Functional mobility was also assessed with the test “timed
up and go”. When performing this test, a patient is asked to
stand up from a chair, walk three meters, then go back and sit
down. The test was evaluated twice measuring the time in
seconds. The best test result was included in the analysis.

The severity of thoracic kyphosis was evaluated by a
predefined protocol measuring the distance between the wall
and the occiput in standing position, leaning against the wall
with the back, buttocks, and heels, keeping the head upright
but trying to approximate the head against the wall. The line
drawn through the lower edge of the eye socket and the upper
edge of the tragus of the ear was on the horizontal line with the
chin normally positioned, thus, ensuring that no cervical ex-
tension, rotation, flexion, or side flexion would occur. One
investigator conducted the study for all patients at the first
and last visits.

During the study, the patients in the exercise group kept
specially designed diaries where they recorded the regularity
of exercise sessions. In addition, the exercise instructor kept a
log to register which patients participated in which session. To
maintain regular exercises, patients in the exercise group were
contacted by phone if they had missed a session and were
asked to perform exercises at home. Patients of both groups
continued to take their anti-osteoporosis medications.

Statistical analyses were performed using parametric (¢ test)
and nonparametric criteria (Wilcoxon, Mann-Whitney, and
chi-square tests), where appropriate, employing the Statistica
6.0 program. T test for independent samples and Mann-
Whitney test were used to compare baseline values between
groups and to compare values at 12-months registration be-
tween groups. Paired ¢ test and Wilcoxon test were used to
compare baseline values and values in 12 months in groups.
To show that changes that occurred in the training groups were
significantly different from the changes that occurred in the
control group, we used an independent ¢ test to analyze the
changes in mean values from the measurement at baseline to
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12 months. Results are presented as mean (M) and standard
deviation (SD) for normally distributed variables and as me-
dian (Me) and 25-75 percentiles for variables with a skewed
distribution. Data were analyzed following an intention-to-
treat principle and missing data were managed using the last
observation carried forward (LOCF) technique. The sample
size was based on a mean change in total QUALEFFO-41
score of 5.0 for training groups. A total sample size of 68
subjects is required to find differences in changes between
groups of this magnitude given a power of 80 % and
«=0.05. To account for potential dropouts, we enrolled
15 % more study subjects.

Blinded assessment of the parameters was conducted in the
implementation and evaluation of stabilometry and quality of
life questionnaire.

The Ethics Committee of the Sverdlovsk Regional Clinical
Hospital No. 1 approved the study. This study is registered at
the Center for Information Technologies and Systems of
Executive Authorities, Ministry of Education and Science of
Russian Federation, # 01201460156.

Results
Demographic and clinical variables

We recruited 78 participants with at least one osteoporotic
vertebral fracture and chronic back pain (40 in the exercise
group and 38 controls), mean age 69.24+7.7 years.
Demographic and clinical characteristics of the patients in
both groups are shown in the Table 1.

Study parameters (quality of life, stabilometry, test timed
up and go) did not differ between groups at baseline.
Between-group differences were observed only in the thoracic
kyphosis that was more pronounced in the exercise group: the
distance between the wall and the occiput was greater in the
exercised group (4.0 cm), compared with the control group
(2.6 cm), p=0.02. The data are presented in the Table 2.

Exercise

During the study, one patient in the exercise group and one in
the control group dropped out (Fig. 1). The first one changed
the place of residence, the second one refused to continue
participation. Adverse events were not registered in both
cases.

25 patients in the exercise group worked out in the exercise
therapy gym under the instructor’s directions and 12 partici-
pants performed exercise at home according to the suggested
program after a training course with an instructor. Overall, 37
patients performed exercises; two other patients did not per-
form exercise (Fig. 1). 21 subjects performed exercises two
times a week during the whole year (13 participants in the
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exercise therapy gym and 8 participants at home), while 12
patients had gaps in the exercise schedule. However, the num-
ber of missed sessions did not exceed 20 % of the total number
of sessions. Four patients did not perform their exercise regu-
larly; they missed more than 20 % of sessions. Overall, 33
patients (89.2 %) were adherent because they missed less than
20 % of all sessions.

Among controls, 15 out of 18 subjects who were exercising
before recruitment, continued to perform their exercises at
home.

At the end of the study, the weekly duration of exercise
significantly increased in the exercise group from 74.6 min.
per week up to 138.6 min. per week (p=0.0001).

In the control group, this parameter diminished slightly
from 69.2 min. per week to 62.7 min. per week (p=0.897).

Quality of life

Quality of life parameters are shown in the Table 3. At the end
of the study, total QUALEFFO-41 score and scores on all
domains, were significantly lower (better) in the exercise
group compared to the control group. Based on average
changes in the mean values occurring from baseline to the
12 month we found a significant difference between the exer-
cise group and the control group in the measurements of
“Pain”, “Physical function: Jobs around the house”,
“Physical function: Mobility”, “Social function”, “General
health perception,” and “Total QUALEFFO-41".

Stabilometry and functional mobility

Both weight-bearing/squat test with extended legs and sit-to-
stand: left/right weight symmetry test reflecting weight distri-
bution to each leg did not show change either in the exercise
group or in the controls. In contrast, the time of performing the
sit-to-stand: weight transfer test and tandem walk and sway
test demonstrated statistically a significant difference between
groups with statistically significant worsening in the control
group and non-significant improvement in the exercise group
(Table 3).

Values in the timed up and go test at 12 months were not
different between the exercise group and the control group.
However, there was a significant improvement in the exercise
group with a decrease in test performance time from 12.0+3.8
to 11.4+3.3 s (p=0.02) while performance time remained
unchanged in the control group (11.0+3.3and 11.3+2.9 s,
respectively). Based on changes in mean values from
baseline to the 12 months evaluation, we found a sig-
nificant difference in change in mean between the inter-
vention and the control group. The exercise group had
better results than the control (p=0.02).
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Table 1 Demographic and
clinical characteristics at baseline Variables Exercise group  Control group p value
(n=40) (n=38)
Age (years) 70.7£8.1 67.6£7.0 0.350
Duration of a history of vertebral fractures
(time after diagnosis of the fractures, number of patients):
6-12 months 4 (10 %) 3(7.9 %)
Over 12 months 36 (90 %) 35(92.1 %) 0.745
Number of fractured vertebrae per patients, median (range) 2 (1-11) 2 (1-14) 0.302
Visual-analog scale of pain, (0—100) mm 60.8+15.8 59.9+18.0 0.664
Patients exercising at home 26 (65 %) 18 (47.4 %) 0.116
Duration of exercise (minutes per week), Me (25-75 69.2 (0-120.0) 74.6 (0-123.8)  0.429
percentiles)
Use of anti-osteoporosis medication
Bisphosphonates 8 (20 %) 11 (28.9 %) 0.357
Strontium ranelate 3(7.5 %) 6 (15.8 %) 0.252
Calcitonin 12 (30 %) 8 (21.1 %) 0.365
Comorbid diseases in other organ systems
Cardiovascular 34 (85 %) 31 (81.6 %) 0.685
Musculoskeletal (apart from osteoporosis) 34 (85 %) 32 (84.2 %) 0.923
gastrointestinal 17 (42.5 %) 19 (50 %) 0.506
Renal 8 (20 %) 8 (21.1 %) 0.908
Respiratory 6 (15 %) 7 (18.4 %) 0.685

Thoracic kyphosis

Severity of thoracic kyphosis, as measured with the occiput-
wall distance, significantly decreased in the exercise
group and did not change in the control group with
no between-group differences at the end of the study.
In the exercise group the occiput-wall distance de-
creased from 4.0 to 3.3 cm (p=0.04), in controls from 2.6
to 2.5 cm (p=0.46).

Fractures

During the one year of observation, 4 participants in the
exercise group and 7 participants in the control group
sustained clinical vertebral and non-vertebral fractures
(p=0.285). Although vertebral fractures were equally
detected in the exercise (2 participants) and the control
(2 participants) groups, non-vertebral fractures were
found more frequently in the control group (5 patients)
compared to the exercise group (2 patients). However,
these differences were not statistically significant. No
fracture occurred during the time of exercise perfor-
mance. Adverse effect of exercising was observed only
in one patient, who experienced an exacerbation of pain
in the knee joint while performing exercise in the knee-
wrist position. Later this initial position was excluded
for that person, and the patient became pain free and
was able to continue the exercise program.

Discussion

In the present study, we examined the effect of a 12-month
exercise therapy program versus a control group in postmen-
opausal osteoporotic women with at least one vertebral frac-
ture and chronic back pain. We found improvements in quality
of life, balance, and physical functioning. Our positive results
are related to the duration of the exercise program, the fact that
the subjects were not elderly and, therefore, able to be rigor-
ously trained, a sufficiently large number of patients in our
study, and high adherence (89.2 %). Similar efforts to demon-
strate an effect of exercise have been limited by their relatively
short duration, usually less than 16 weeks [13, 15-17], and
less than 50 % adherence [19].

At the end of the study, total QUALEFFO-41 score and
scores in all domains were significantly better in the exercise
group compared to the control group. We do realize that the
QUALEFFO is a subjective self-rated measurement scale, but
we also observed positive results in tests for balance and phys-
ical function which are objective measurements. Further, fa-
vorable QUALEFFO results were associated with improve-
ments in pain, physical function, and balance. These results
are also consistent with the impression that exercises have a
positive impact on quality of life in older people with or with-
out osteoporosis [9, 27]. Only few previously published stud-
ies have actually documented such an improvement. Bennel
et al. demonstrated significantly greater improvement in the
QUALEFFO physical function score compared with the
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Table 2  Distribution of mean (M) and standard deviation (SD), median (Me), minimum, maximum, percentile 25-75 for the intervention group (IG)
and control group (CG) regarding health-related quality of life, balance, mobility, and kyphosis at baseline

Variables Groups Mean (M) and standard Median (Me) Min - Max 25-75 p value
deviation (SD) percentiles
QUALEFFO-41: pain® 1G 62.4+17.0 65.0 20.0-85.0  52.5-77.5 0.355
CG 664+159 67.5 25.0-95.0  60.0-80.0
QUALEFFO-41: physical function: activities of daily living” IG 305155 31.3 0-68.8 18.8-43.8 0.164
A lower number shows improvement? CG 352+13.8 37.5 12.5-68.8  25.0-43.8
QUALEFFO-41: physical function—jobs around the house®? 1G 45.1+11.1 45.0 15.0-65.0 40.0-52.5 0.145
CG 492+12.2 50.0 20.0-75.0  40.0-55.0
QUALEFFO-41: physical function—mobility* 1G 36.6+10.9 37.5 9.4-65.6 31.3-43.8 0311
CG 40.1+£152 40.6 6.3-78.1 28.1-46.9
QUALEFFO-41: social function® 1G 70.7+16.7 73.3 24.6-100.0 56.7-83.1 0.355
CG 74.5+14.0 76.0 333-942  66.4-83.3
QUALEFFO-41: general health perception® 1G 71.9+12.6 75.0 50.0-91.7 583-833 0.748
CG 71.3+14.7 70.8 41.7-100.0 58.3-83.3
QUALEFFO-41: mental function® 1G 469+11.8 44.4 19.4-722  38.9-542 0214
CG 50.5+14.1 51.4 13.9-80.6  38.9-61.1
Total QUALEFFO-41 score® 1G 50.4+8.7 52.1 31.0-763 43.5-563 0.071
CG 53.7+£9.6 53.6 21.3-70.8  51.0-59.3
Test weight-bearing/squat, with extended legs, % 1G 8.15+£7.04 6.0 0-26.0 2.0-140  0.968
CG 7.73+6.74 6.0 0-34.0 2.0-10.0
Test sit-to-stand weight transfer (time to shift the center of g IG 1.29+2.64 0.61 0.17-16.6  0.39-0.97 0.928
ravity, in s) CG 092+1.14 0.67 0.16-6.80  0.36-0.96
Test sit-to-stand left/right weight symmetry, % 1G 8.75+£5.84 7.00 1.0-24.0 5.0-13.5  0.554
CG 8.29+647 7.00 0-26.0 4.0-12.0
Test tandem walk and sway, in degrees/second. 1G 6.85+3.63 5.95 2.6-19.6 5.0-7.15 0317
CG 7.31+£293 6.35 3.5-145 5.1-8.3
Test timed up and go, in seconds 1G 12.0+£3.8 11.5 7.0-24.0 9.5-140  0.168
CG 11.0£3.3 10.0 7.0-20.0 9.0-12.0
Occiput-wall distance, in cm 1G 40+34 3.0 0-12.0 1.0-6.3 0.022
CG 2.6+34 1.0 0-13.0 0-4.5

QUALEFFO0O-41 (Quality of Life Questionnaire of the European Foundation for Osteoporosis)
*High scores indicate poor health-related quality of life, possible range 0—100

control group, but no significant difference between groups in
other QUALEFFO domains were shown [13]. In contrast to
our study, that study evaluated the efficacy of a 10-week pro-
gram with multi-modal physical therapy intervention includ-
ing manual therapy, massage, taping, posture training, and
exercise prescription. The additional interventions, therefore,
may explain the positive results achieved in that study, despite
the small sample size and its short duration [13]. Our results
are comparable to the study of Bergland et al. who utilized the
same length and frequency of training [14]. Positive effect on
quality of life in both studies suggest that in order to demon-
strate positive effects of exercise on quality of life, the studies
have to be conducted for a longer period of time than has been
traditionally employed [14]. In particular, the 12-month im-
provement in the Pain was noteworthy in both our study and
Berglund’s. [14]. Improvement in other quality of life param-
eters might be secondary to pain relief.

In the study of Papaioannou et al. [19], all patients per-
formed exercise at home 3 times a week over a 6-month
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period under monthly instructor supervision. Over the next
6 months, home exercises continued without supervision. A
disease-specific questionnaire “Osteoporosis Quality of Life
Questionnaire (OQLQ)” was used. After the first 6 months, a
significant improvement in the intervention group versus the
control group in symptoms (p=0.003), emotions (p=0.01),
and leisure/social activities (p=0.03) was shown. After
12 months, however, while the significant improvement in
symptoms (p=0.02) and activities daily living (p=0.04)
persisted, there was no longer significant between-group differ-
ence in emotions and leisure/social activities [19]. Differences
between our study and that of Papaioannou et al. might be
explained by better adherence at 12 month among our patients.

Malmros et al. used their own version of a QoL question-
naire to assess the efficacy of a 12-week exercise program
with the same frequency training as our study. They demon-
strated improvement in quality of life parameters within 5
(»=0.01), 10 (»p<0.0001), and 12 weeks after the end of the
group sessions (p=0.0008) [15].
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Fig. 1 Flow of participants
through trial

78 randomized

40 allocated to
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)

38 allocated to control
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37 received allocated intervention
(In the exercise therapy gym,n=25

At home, n=12)

intervention

2 did not received allocated

A4

39 available for intention-to-treat
analyses

37 available for intention-to-treat
analyses

When studies have not distinguished subjects in those with
and without vertebral fractures, results have failed to show an
improvement of quality of life [28], and, in some cases, even
deterioration in mental functioning has been reported [29].
Gold et al. [18] found in a study in 158 elderly women (mean
age 81 years) significant between-group differences in the
change in psychological symptoms only for Phase 1 of the
crossover study, but no significance between-group difference
was observed for pain in Phase 1 and Phase 2.

Stabilometry parameters assessing weight distribution be-
tween legs both in static position and in sit-to-stand: left/right
weight symmetry test did not change significantly either in the
exercise or in the control group. However, it should be noted
that indicators for this test did not go beyond normal values
both at baseline and at final visits. In contrast, statistically
significant differences between the groups were noted in time
of sit-to-stand:weight transfer test performance and tandem
walk and sway test (oscillations of the center of gravity after
movement was stopped). Between-group differences were
due to stabilization and slight improvement in the exercise
group and significant worsening in the control group. This
improvement in oscillation of center of gravity in the interven-
tion group might result from balance training in those who
exercised. In other studies, Papaioannou et al. [19] and
Smith et al. [28] showed statistically significant between-
group differences in balance in patients with vertebral frac-
tures. Bergland et al. [14] demonstrated balance improvement
in the static position after 3 months of exercise, but no
between-group statistical significance at 12 months.
Parameters in the control group worsened both at 3 and

12 months, which is similar to our findings. Malmros et al.
[15] reported a non-significant difference between groups.
Positive effect of balance training exercise was also shown
in elderly osteoporotic women without vertebral fractures
[30, 31]. A large systematic review (94 studies, 9917 partici-
pants) obtained evidence that balance tests are improved by
balance training exercise [32]. The effect was dependent upon
the exact type of exercise: the statistically significant balance
improvement was mentioned during the coordination and bal-
ance training exercises both in movement and in static posi-
tions. It should be emphasized that the effectiveness of the
balance training exercise program might well be influenced
by the presence of vertebral fractures if accompanied by ky-
photic changes, back pain, and movement restrictions.

To assess functional mobility, we used the timed up and go
test which showed a small but statistically significant im-
provement in the exercise group as well as statistically signif-
icant between-group difference in the average changes in
mean values occurring in the exercise and control groups from
baseline to 12 month. The other parameter assessing physical
functioning in our study was the time of Sit-to-Stand: weight
transfer test performance during stabilometry. At the time of
the last visit, the groups differed significantly both in means
and in change in means during the 12-month period. Other
studies using the same test have reported conflicting results.
Thus, in two studies [ 13, 19] no between-group difference was
found, while two other studies [14, 16] reported an improve-
ment in the exercise group compared to controls. The im-
provement in physical functioning shown by shortening the
time of the timed up and go test performance was also
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Table 3 Mean and standard deviation in the intervention group (IG) and control group (CG) in 12 months and average changes in mean values

occurring in IG and CG from baseline to 12 month

Variables IG (n=40) CG (n=38) pvalue®at  IG (n=40) change in CG (n=38) change p value® change
in 12 months, in 12 months, 12 months mean during 12 in mean during 12 in mean during
mean +SD mean+ SD months®, 95 % CI months®, 95 % CI 12 months

QUALEFFO-41: pain® 48.9+20.0 66.0+14.3 0.000 -13.5(-185,-8.5) —04(-5.7,4.9) 0.001

QUALEFFO41: physical function—  25.8+13.3 357+13.9  0.001 —4.7 (-8.8,-0.6) 0.5(4.1,5.1) 0.076

activities of daily living®

QUALEFFO-41: physical 354+11.7 489+132  0.000 —9.8 (-13.6,-5.9) —0.3(-4.1,3.6) 0.002

function—sobs around the house®

QUALEFFO-41: physical 29.4+9.7 46.3+13.3 0.000 —7.3 (-10.6,-3.9) 6.2 (2.1,10.3) 0.000

function—mobility®

QUALEFFO-41: social function® 66.9+13.3 78.0+£17.1 0.001 —3.7(-8.5,1.0) 3.5(-0.7,7.8) 0.012

QUALEFFO-41: general health 65.8+15.0 79.4+12.4  0.000 —6.0 (-10.8,-1.3) 8.1 (4.0, 12.2) 0.000

perception®

QUALEFFO-41: mental function® 472+10.7 542+14.6  0.026 0.3 (-3.1,3.7) 3.7(0.7, 6.6) 0.093

Total QUALEFFO-41 score® 44.6+78 56.8+9.4 0.000 —5.8(-7.8,-3.8) 3.1(1.3,4.9) 0.000

Test weight-bearing/squat, with 9.55+6.88 826+7.80  0.254 1.40 (—1.06, 3.86) 0.53(-1.98,3.03)  0.638

extended legs, %

Test sit-to-stand weight transfer 1.05+£1.39 1.35£1.26 0.042 —0.24 (-1.12, 0.64) 0.43 (0.13, 0.73) 0.010

(time to shift the center of
gravity), seconds.

Test sit-to-stand left/right weight 9.35+6.56 10.26+7.51 0.730 0.60 (—1.52,2.72) 1.97 (-0.76,4.69)  0.142

symmetry, %

Test tandem walk and sway, degrees/s. ~ 6.78 £4.22 9.03+4.72  0.020 —0.08 (—1.62, 1.47) 1.72 (0.15, 3.30) 0.029

Test timed up and go, in seconds. 114£33 11.3+£29 0.972 —0.65 (-1.16,-0.14) 0.29(-0.37,0.95)  0.020

Occiput-wall distance, cm. 33+34 25+34 0.171 -0.71 (-1.31,-0.10) —0.09 (-0.77,0.59) 0.208

SD standard deviation, QUALEFFO-41 (Quality of Life Questionnaire of the European Foundation for Osteoporosis), 95 %CI confidence interval

#High scores indicate poor health-related quality of life, range 0—100

®Mean value of change in mean of difference between measurement at baseline and 12-months registration

¢ p refer to the level of significant differences between the mean of intervention group and control group at 12-months registration

9 p refer to the level of significant differences in changes in mean between the intervention and control group, based on independent ¢ test

demonstrated in 12-month [31] and 20-week [30] studies of
exercises contained balance training in elderly osteoporotic
women without vertebral fractures.

Our study also demonstrated a reduction of the occiput-to-
wall distance in the exercise group. We do realize that this
measurement of thoracic kyphosis is viewed by some as sub-
optimal because of a reliability and validity issues in compar-
ison with non-invasive, skin-surface methods including the
Debrunner kyphometer, the Spinal Mouse, the Flexicurve
[33], as well as radiological measurements. However, given
the fact that our program included exercises to train back
extensors, and that the reduction of the occiput-wall distance
from baseline to 12 month was observed only in the exercise
group with predefined measurements that were performed by
the same observer, we interpret our results as a trend to reduc-
tion of thoracic kyphosis after 12 months of exercise. In the
study by Bennell et al. during 10 weeks of multi-modal phys-
ical therapy intervention including manual therapy, massage,
taping, posture training, and exercise, the degree of kyphosis
decrease in the training group by 3.2°, which was higher than
in the control, but no statistically significant between-group
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and within-group differences were appreciated [13]. In the
study by Bergstrom et al. including training focused on a back
muscle extensor strengthening program twice weekly for
4 months [17], statistically significant differences in the reduc-
tion of thoracic kyphosis also were not shown. In our study,
we failed to demonstrate between-group differences in thorac-
ic kyphosis at the last visit. This might be related to an irre-
versible element of the deformities in some patients as well as
to the large variability of parameters. Thus, subjects with both
normal posture and hyperkyphosis were included, and
occiput-wall distance ranged from 0 to 13 cm.

Since only a limited number of patients were enrolled in
our study, it was not powered to detect a difference in vertebral
or non-vertebral fractures between the groups. This is in line
with other studies, in which lack of statistical power precluded
significant conclusions to be drawn [20, 34]. Relatively few
studies have shown a reduction in fracture risk. Kemmler et al.
demonstrated statistically significant fracture risk reduction
(0.51,95 % C1 0.33; 0.97, p=0.46) during a 12-year exercise
program in the 16-year follow-up in the cohort of postmeno-
pausal women without vertebral fractures who performed
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high-impact exercises with jumps and other types of exercises.
While of interest, this kind of exercise program would not be
recommended to patients who have sustained vertebral frac-
tures [35]. The study by Sinaki et al. demonstrated the long-
term effect of strengthened back muscles on the reduction of
vertebral fractures in estrogen-deficient women [36].

Fracture risk during exercise is important indicator of the
safety of the exercise program. Only one study demonstrated
an increase in fracture risk during flexion exercise as com-
pared to extension exercise [37]. This type of exercise is no
longer utilized in more recent studies.

Adverse events during an exercise program in subjects with
osteoporotic vertebral fractures (from muscle pain to ribs frac-
tures) were found in 8.1 % of patients [34]. We noted wors-
ening knee pain in one patient. In two other patients, new
vertebral fractures developed but the events bore no relation-
ship with the timing of exercises. Also, this did not differ from
the control group.

Our study has confirmed the efficacy of exercise in reliev-
ing pain, improving quality of life, and physical functioning.
Taking into account its efficacy and safety, exercise can be
recommended to patients with osteoporosis complicated with
vertebral fractures. Consultation with a physical therapist is
suggested to ensure the safety and appropriateness of the ex-
ercise regimen. Osteoporotic patients should avoid push-ups,
curl-ups, vertical jumps, and trunk forward flexion and exer-
cises with axial load. Low-impact weight-bearing activities
and resistance training combined with balance training are
the best.

Our study has some limitations. Blinded assessment of the
indices tracked was conducted only in stabilometry and the
quality of life questionnaire. As in other studies, there was
some crossover effect, and adherence to therapy in our study
was 89.2 %. Not all patients in the exercise group performed
physical exercises in the exercise therapy gym under the in-
structor’s control. Some who performed home exercises may
not have executed them properly. Even other patients random-
ized to the exercise group did not perform all exercises. In
contrast, some subjects from the control group continued their
physical activity including home exercise. If both groups had
been more clearly delineated with regard to compliance of
exercise (test group) or no added exercise (control group),
the differences between the two groups might have even
been greater. Nevertheless, the differences are still most
noteworthy.

Another limitation of the study is that validated, non-
invasive thoracic kyphosis measurement techniques were not
used. The results cannot be extended to those with car-
diac or pulmonary comorbidity because there were ex-
clusion criteria. Finally, our study does not define the
optimal period of exercise. Presumably, more sustained
exercise, exceeding the 12-month period of this study
would continue to be beneficial.

Conclusion

The study demonstrates the effectiveness of a structured phys-
ical exercise program in reducing pain, improving quality of
life, physical activity, and balance in postmenopausal women
with osteoporotic vertebral fractures.
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