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ABSTRACT
Purpose: It is challenging for many people with osteoporosis to initiate and adhere to an exercise program. Currently 
there is little evidence on exercise preferences of people with osteoporosis, yet these factors may contribute to 
improved exercise adherence. Therefore, this project surveyed patients with osteoporosis to understand their 
exercise preferences, barriers, needs, and goals.

Methods: The Personalized Exercise Questionnaire (PEQ) was used to gain insight into the barriers, facilitators, 
and goals related to exercise. Participants were recruited from a subspecialty metabolic bone disorder clinic, within 
the Greater Toronto Area, in Ontario, with a large population of osteoporotic patients. Data collection took place, 
inside the clinic, from December 2018 to June 2019

Results: Data on a total of 287 surveys were collected. The sample was 90% female with a mean age of 67 (SD: 10.7) 
years. Most participants preferred to exercise in the morning (n=208, 75%), on their own time (n=180, 65%), with 
exercise that were easy to perform (n=151, 55%), slow paced (n=133, 48%), and easy to remember (n=117, 43%). 
Home (n=171, 62%) was the most preferred location to exercise. The most important goal for the participants was 
to improve strength (n=241, 84%) and the least important goal was to reduce falls (n=129, 45%). Time was the most 
common barrier reported in 30% of participants and followed by pain in 23% of the participants. 

Conclusion: This study provides insight into participant preferences for exercise. The major finding was between 
men and women were where they preferred to exercise. Men preferred to exercise at home or at the gym, and women 
preferred to exercise at home or outdoors. 
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INTRODUCTION

Osteoporosis (OP) affects a large proportion of the population, 
with 1 in 3 women and 1 in 5 men affected [1]. Osteoporosis is a 
decrease in bone mineral density that increases the risk of fragility 
fractures [1]. Osteoporosis is often associated with age-related declines 
in bone mineral density, which could be due to a decrease in bone 
mineral density, declines in hormonal signal regulation, bioavailability 
of nutrients like calcium and vitamin D, and lifestyle factors such as 
activity, alcohol consumption and smoking [2,3]. The most common 
sites of OP fracture are the vertebrae, hip and wrist. Osteoporosis 
can be managed pharmacologically and non-pharmacologically, 
with non-pharmacologic management important in preclinical and 
early OP, and both important in later stages of the disease. Clinical 
recommendations outline the timing and best practices for managing 
OP with medication, nutrition, and exercise [3,4].

OP guidelines provide recommendations on the mode, frequency, 
and intensity of physical activity, and how those factors can be 
modified in the presence of a chronic condition [3,5,6]. The Too 
Fit to Fracture physical activity and exercise recommendations 
provide guidance on effective exercise for fall and fracture 
prevention, and safe performance of physical activities of leisure 
and daily living for people with osteoporosis [5,6]. For example, 
it’s recommended to participate in strength training exercises like 
squats or lunges, or any exercise that provides resistance against 
body weight. It is advised to prioritize strength training exercise 
rather than cardiovascular exercises. However, when doing 
cardiovascular exercises walking is preferred than swimming, for 
example, for the benefits of working against gravity. Finally, it is 
important to participate in balance training exercises to reduce the 
risk of fractures. More specific details can be found in a position 
statement, out of Australia, providing a comprehensive guideline 
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on the type and intensity of exercise, taking into consideration 
osteoporosis disease progression [4]. 

Although the benefits of exercise are clear for osteoporosis, such as, 
attenuating bone loss, reducing the risk of sarcopenia, and reducing 
fall risk, it is still a challenge to get people with osteoporosis to 
adhere to an exercise program [2,7-10]. Kemmler et al. conducted 
a prospective cohort study that followed 55 people with OP for 16 
years and found that exercise adherence decreased over the years 
[11]. It has also been reported that as people age, their engagement 
with exercise decreases [12]. Currently, most studies are still aiming 
to determine the benefits of exercise and which mode, frequency 
and intensity are best for maintaining bone mineral density, but 
few studies have asked individuals with osteoporosis their exercise 
preference [4,5,11,12].

An exercise preference questionnaire has been developed to better 
understand the perspective of people with osteoporosis, to better 
design exercise programs [12]. This cross-sectional survey aimed 
to understand the exercise goals and preferences of people with 
osteoporosis and the barriers and facilitators to engaging in exercise.

METHODS

A cross-sectional survey was conducted among people with 
osteoporosis from December 2018 to June 2019. Ethical approval for 
this study was granted by Western University Research Ethics Board.

Survey

The Personalized Exercise Questionnaire (PEQ) was developed by 
I.B. Rodrigues to assess barriers, facilitators and goals related to 
exercise in people with OP [13,14]. The survey has high content 
validity in an osteoporotic population [13,14]. The survey used in 
this study can be found in Appendix A. 

Briefly, the survey consists of five sections related to support 
and access to exercise facilities, goals related to exercise, exercise 
preferences and barriers to exercise. The participants were asked 
to complete a paper copy of the survey while waiting for their 
appointment with an osteoporosis specialist physician. They 
survey was administered throughout the work hours of 9 am 
to 4 pm on weekdays. The survey could not be randomized or 
alternated, as it was a paper survey with the questions transitioning 
in a chronological order. The survey was nine pages long with 
approximately 5 questions per page. 

Participants

Participants were recruited from one clinic, specializing in 
working with people with bone disorders, with a primary focus on 
osteoporosis. This was a closed survey. Participants were recruited, 
in person, to participate if they were over the age of 18, could read 
and write English and were undergoing treatment for osteoporosis. 
No information was gathered on whether it was the participant’s 
first or follow-up visit. Participants were informed that the 
survey should take approximately 10 min to complete, and that 
participation was voluntary. They were provided with the letter 
of information, which explained the data storage, introduced the 
investigators and purpose of the study. Consent was assumed if the 
participant returned the survey. They survey was advertised using 
an informative poster in the physician’s clinic.

Data protection

No person, other than the participant’s physician or therapist 
and the study co-investigator had access to participant records 

without participant permission. No identifying information was 
collected, so there is no way to link the survey with the participant. 
All electronic files were password protected and paper copies were 
stored in a locked filing cabinet.

Incentives

Participants were offered a five-dollar food gift card incentive for 
completing the survey.

Data analysis 

A sample size calculation was performed based on pre-specified 
levels of precision. At a 10% margin of error and 95% CI for a 
large population size (approximately 5,000), it was determined 220 
responses were needed [15]. Data was input from all surveys received, 
including surveys that had components of missing data. Completeness 
checks were conducted randomly when the surveys were submitted, 
and participants had the opportunity to review their survey before 
submitting it. The lead author and a research assistant performed 
quality checks. Descriptive statistics and percentages were used to 
summarize data for questions having categorical response options.

RESULTS

Data on a total of 287 surveys were collected. The sample was 90% 
female and had a mean age of 67 (29-91) years. Full demographic 
descriptions are provided in Table 1.

Exercise support and access

Of the 287 survey respondents, 119 (43%) participants said that 
they wanted supervision while exercising. Most participants wanted 
supervision from a healthcare professional (n=47, 17%), followed 
by a personal trainer (n= 46, 17%). When asked whether having a 
healthcare professional with a good attitude was important, 167 
(58%) participants said yes. However, when disaggregating the 
data by men and women, men preferred a personal trainer to a 
healthcare professional, whereas women preferred to work with 
healthcare professionals. All of the participants felt that they had 
a place to exercise, with most participants being able to exercise 
from home (n=154, 54%). Several had an exercise location less 
than 5 km away (n=107, 37%), with some of the participants 
having more than one option. Many of the participants were able 
to get to their exercise facility on their own (n=208, 72%), and had 
access to transportation to get to the facility (Table 2). Most of the 
participants felt that they had a safe place to exercise (n=260, 91%), 
an encouraging place to exercise (n=203, 71%), and access to an 
exercise facility with a reasonable price (n=174, 61%) (Table 2).

Exercise goals

Participants were asked to rank goals of exercise between very 
important to not important or not applicable. The most important 
goal for the participants was to exercise to improve strength (n=241, 
84%), and the least important goal was to exercise to reduce falls 
(n=129, 45%). Reducing falls was listed as “not applicable” most 
frequently (n=97, 34%). When disaggregating the data by men and 
women the goals listed as “very important” were similar. However, 
men ranked flexibility as the second most important goal, whereas 
women ranked improving balance as their second most important 
goal (Figure 1).

Exercise preferences

Participants were asked to provide feedback on their exercise 
preferences related to receiving feedback, giving feedback, tracking 
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N (%) Mean (SD) Min, Max

Age 279 67.6 29,91

Age at Menopause 220 46 (11.6)

Number of osteoporotic fractures 74 1.7d (1.4) 1,10

Number of participants with an osteoporotic fracture 83 (29) - - 

Number on osteoporotic medication 142 (50)  - - 

Number with a nearby exercise facility 255 (89)  -  -

Sex

Female 259 (90) - -

Male 28 (10) - -

Residence

Small town 39 (14) - -

City 223 (78) - -

Rural 18  (6)

Diagnosis

Osteoporosis 197 (69) - -

Osteopenia 56 (20) - -

Healthy 7 (2) - -

Fracture Risk

High 62 (22) - -

Moderate 69 (24) - -

Low 31 (11) - -

Table 1: Demographics.

Total population 
N=287

Males
N=28

Females
N=259

n (%) n (%) n (%)

Participant preference for exercise supervision

Healthcare Provider 47 (16) 3 (11) 45 (17)

Personal Trainer 46 (16) 4 (14) 41 (16)

Other 26 (9) 1 (4) 23 (9)

Number of participants that said “yes” this was important

A HCP with a good attitude 167 (58) 10 (36) 157 (61)

Support from Friends and Family 211 (74) 18 (64) 191 (74)

Distance to a place to exercise

Home 154 (54) 15 (54) 139 (54)

<5 km 107 (37) 8 (29) 99 (38)

5-10 km 34 (12) 7 (25) 27 (10)

The type of support to get to an exercise facility

Getting to exercise on their own 208 (72) 19 (68) 189 (73)

Family member/ partner 24 (8) 3 (11) 21 (8)

Friend 5 (2) 0 (0) 5 (2)

Other 6 (1) 1 (4) 5 (2)

The type of transportation to get to an exercise facility

Motor Vehicle 165 (57) 13 (46) 152 (59)

Public Transport 12 (4) 1 (4) 11 (4)

Walking 43 (15) 6 (21) 37 (14)

Other 13 (5) 1 (4) 12 (5)

Number of participants that said “yes” they have access to

A safe place to exercise 260 (91) 25 (89) 235 (91)

An encouraging place to exercise 203 (71) 20 (71) 183 (71)

Access to reasonably priced exercise 
facility

203 (71) 19 (68) 155 (60)

Table 2: Support and access to an exercise facility. 



4

Ziebart C et al. OPEN ACCESS Freely available online

J Osteopor Phys Act, Vol. 8 Iss. 2 No: 221

their progress, the best time to exercise, exercise schedule, class size 
and level of difficulty of the exercises. A total of 177 participants 
said that they would like to receive or provide feedback on their 
exercise, and 17 participants did not respond to the question, 
leaving 93 participants not wanting to receive or provide feedback 
related to their exercise. Most participants wanted to receive 
feedback about their exercise through email (n=106, 60%) and 
wanted to receive feedback on the proper exercise technique 
(n=138, 78%), or on their exercise progress (n=124, 70%), and 
wanted to receive that feedback daily (n=10, 6%), weekly (n=66, 
37%), monthly (n=96, 54%), or yearly (n=6, 3%). Participants 
also wanted to give feedback to their exercise professional, and 
the primary preference was to give feedback through email (n=88, 
50%). Participants wanted to track their exercise through wearable 

technology (n=74, 42%), through a cellphone (n=60, 34%), with a 
diary/logbook (n=60, 34%) or other (n=7, 4%) (Table 3). 

Participants were asked when and where they would prefer 
to exercise. Ten participants did not respond to this question 
(n=277). Most participants preferred to exercise in the morning 
(n=208, 75%), and on their own time (n=180, 65%), or in a small 
group (n=105, 38%). When asked about the intensity of the 
exercise (n=274), most participants want the exercise to be easy to 
perform (n=151, 55%), but also slow paced (n=133, 48%) and easy 
to remember (n=117, 43%). Most participants preferred to exercise 
at home (n=171, 62%), outdoors (n=114, 41%), or at the gym (108, 
40%). These trends were similar when disaggregating the data by 
men and women, the major difference was that men preferred to 
exercise at home (n=16, 57%) or at the gym (n=13, 46%), whereas 
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Figure 1: Frequency of participants selecting “very important” for the exercise goal.

 
 

Total population 
N=287

Males
N=28

Females
N=259

n (%) n (%) n (%)

Preferred time to exercise  

Morning 203 (71) 17 (61) 186 (72)

Afternoon 89 (31) 11 (39) 78 (30)

Evening 52 (18) 5 (18) 47 (18)

Preferred schedule to exercise

Multiple Drop-in times 65 (23) 8 (29) 57 (22)

Fixed times 100 (34) 2 (7) 98 (38)

On their own time 180 (63) 18 (64) 161 (62)

Preferred class size  

Alone 119 (41) 17 (61) 102 (39)

With a partner/trainer 60 (21) 4 (14) 55 (21)

In a small group 105 (37) 6 (21) 98 (38)

In a large group 25 (9) 1 (4) 24 (9)

Level of difficulty   

Easy to perform 151 (53) 16 (57) 135 (52)

Slow paced 133 (46) 16 (57) 116 (45)

Fast paced 55 (19) 5 (18) 49 (19)

Easy to remember 117 (41) 12 (43) 104 (40)

Challenging to perform 98 (34) 5 (18) 93 (36)

Table 3: Survey response to exercise preferences related to preferred time to exercise, scheduling exercise, class size and difficulty.
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women preferred to exercise at home (n=155, 60%) or outdoors 
(n=104, 40%). 

Exercise barriers

Participants did experience barriers related to being able to exercise, 
with 160 participants expressing that they do have barriers, and 110 
saying that they do not have barriers to exercise. When considering 
sex, 64% of men said that they had barriers that stopped them from 
exercising, and 54% of women had barriers stopping them from 
exercising. Participants were asked to rank how often the barriers 
stop them from exercise and 21 participants did not respond to the 
question (n=266), while those that did respond, responded with: 
sometimes (n=84, 32%), very often (n=53, 20%), rarely (n=20, 
8%), and always (n=14, 5%). Participants were then asked the most 
common reason for not being able to exercise, and 17 participants 
did not respond to this question (n=270). The most common 
reason for not being able to exercise was because participants felt 
pain when exercising (n=63, 23%), do not like exercise (n=41, 
15%), or do not want to injure themselves (n=34, 13%) (Figure 2). 
Time (n=80, 30%) was reported as the most common need to being 
able to overcome the barriers, followed by needing to learn how to 
perform the exercises (n=35, 13%). The weather was sometimes 
(n=108, 40%) a barrier for participants bu was never a barrier 
(n=52, 19%), or always a barrier (n=14, 5%) for others. When 
evaluating differences between men and women, weather was more 
of a barrier for women than men, with one man (3%) indicating 
that weather always stopped him from exercising, compared to 44 
(17%) women saying weather always stopped them from exercising. 
Weather never stopped 8 (29%) men from exercising, compared 
to 46 (18%) women. Most participants did not report a medical 
condition as being a barrier to exercise (n=146, 56%), which was 
similar for men and women. For those that did report a medical 
condition, arthritis was the most common (n=73, 28%), followed 
by lung disease (n=12, 5%) and mental health issues (n=11, 4%), 
which was similar for both men and women.

DISCUSSION 

This study provides insight into the exercise preferences for men 
and women with osteoporosis, finding that participants would 
like support from their friends and family, preferred to exercise 
at home, in the morning, on their own time, alone and wanted 

exercises that were easy to perform. Most participants had a 
primary goal of wanting to improve strength. Participants ranked 
the least important goal of exercise were to reduce the risk of falls. 
This finding is interesting as falls are a common cause of fracture 
for people with osteoporosis and although balance was identified 
as a concern, falls were not a concern, suggesting a missed link 
between balance and falls. 

It was not surprising that 90% of the respondents were women, 
however, this study was able to obtain a reasonable sample size for 
the perspective of men. When disaggregating the data for men and 
women there were little differences in the preferences of exercise. 
The major difference found between men and women was where 
they preferred to exercise. Men preferred to exercise at home or at 
the gym, and women preferred to exercise at home or outdoors. With 
consideration of the results, we recommend that 1) exercise education 
be provided to individuals with osteoporosis, but that educators should 
also provide information to the individual’s social support network to 
facilitate support of the individual as they try to maintain a life-long 
program 2) both men and women should be targeted for exercise, but 
the approach may be different, with men preferring to exercise in the 
gym and women preferring to exercise outdoors 3) exercise programs 
should include a component that can be transferred to a home setting, 
and 4) more education is required to highlight the importance of falls 
prevention for all adults, not just older adults.

An interesting finding from this study is that 74% of women and 
64% of men felt that it was important to have the support from 
their friends and family to exercise. A mixed method study looking 
at the importance of physical activity for people with osteoporosis 
found that the social connection is a very important component of 
exercise for people with osteoporosis [16]. Interestingly, although 
the participants wanted social support, they also preferred to 
exercise alone. Support may come from encouragement or helping 
with other responsibilities to provide the participant with time 
to exercise. However, that is speculation and a more in depth 
understanding of how family and friends can support people with 
osteoporosis and their exercise needs to be conducted. The mixed 
method study mentioned above found that engaging in exercise 
and physical activity require consideration of psychological and 
social factors as well, emphasizing that exercise engagement is 
multifactorial and complex [16]. 

Figure 2: Barriers for why participants are not able to exercise as often as they would like to. The common “other” reason was related to 
time and commitments to family, work or chores.
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A primary focus of osteoporosis management is to reduce risk of 
falling. In people with osteoporosis, five percent of falls have been 
reported to result in a fracture [17-19]. However, our study found 
that reducing the risk of falls was the lowest priority goal with 45% 
of people ranking reducing the number of falls as very important. It 
may have been that the current study’s cohort of participants were 
younger (mean age 67.6) and had not yet experienced a fragility 
fracture, so they did not appreciate the risk of falls. Further, the 
participants did select working on balance (78%) and strength 
(84%) as two very important goals, which are components that 
would prevent falls through physical activity and exercise, which 
align with exercise recommendations [5,19-21]. 

The results from the current study suggest that participants would 
like support from their friends and family, exercise at home, exercise 
in the morning, and on their own time (rather than a fixed time), 
exercise alone and wanted exercises that were easy to perform. 
Most participants had a primary goal of wanting to improve 
strength. With these findings it suggests that more tools may be 
required to facilitate at home guidance for exercise for people with 
osteoporosis. However, despite the preference to exercise at home, 
most participants wanted to learn how to exercise from a healthcare 
professional or personal trainer, but time and money were consist 
barriers limiting exercise participation. Exploration into technology 
based forums or applications may be a strategy to allow for virtual 
instruction while facilitating at home independent exercise. Some 
success has been seen in using virtual exercise in a stroke population, 
to reduce the risk of falls and fear of falling, and to improve muscle 
strength [22-24]. However, as with any exercise programs, caution 
needs to be considered to ensure safety. For people with osteoporosis, 
the risk of fracturing is multi-factorial and those factors need to be 
considered when providing exercise advice [4]. 

There are a few notable strengths and limitations to address for this 
study. Firstly, this study is strengthened by the large sample size. 
As well, the study was able to sample a wide variety of individuals 
with osteoporosis, including a good proportion of men, and of 
individuals across a variety of age groups [25]. A limitation of this 
study was that the data were collected from a single clinic, reducing the 
external validity of results. The clinic is run by an endocrinologist and 
often consists of individuals with more complex disease, which may 
explain why some participants are less inclined to exercise. We did not 
have bone mineral density scores to estimate the severity of their OP, 
or FRAX scores to estimate fracture risk. It is possible that OP severity 
affects exercise goals and preferences.

This study was also limited by not asking participants whether they 
were currently exercising, which could have provided insight into the 
participant responses. As well, since the survey did not ask participants 
current exercise practice, some responses may be biased, for example, 
if people responded that they prefer to work with a personal trainer, 
we do not know if they are currently working with a personal trainer 
or have ever worked with a personal trainer. Finally, participants 
completing the survey suggested that investigators should have 
provided a definition of exercise, asked for information on current 
employment status, and if whether they currently use technology 
when participating in exercise. This feedback will be incorporated into 
future iterations of the survey and demographic form. 

CONCLUSION

In conclusion, this study presented the exercise preferences of 
people with osteoporosis. The major finding was between men and 
women were where they preferred to exercise. Men preferred to 

exercise at home or at the gym, and women preferred to exercise at 
home or outdoors.

DECLARATIONS

Disclosure of funding

Authors received no specific funding for this work.

Acknowledgements

Christina Ziebart is supported by the CIHR Doctoral Award. Joy C 
MacDermid was supported by a CIHR Chair in Gender, Work and 
Health and the Dr. James Roth Research Chair in Musculoskeletal 
Measurement and Knowledge Translation. 

Conflicts of interest/Competing interests 

None of the authors have conflicts of interest or competing 
interests to disclose.

Ethics approval 

Ethical approval for this study was granted by Western University 
Research Ethics Board.

Consent to participate

All participants were provided with a letter of information, and 
consent was assumed with a completed, submitted survey. 

Consent for publication

All participants were provided with a letter of information, which 
included information about using the data for publication. 

Authors' contributions

Christina Ziebart initiated the project, collected the data, collated the 
data and drafted the manuscript. Joy MacDermid, Dianne Bryant, 
Mike Szekeres and Nina Suh assisted with initiating the project, and 
provided feedback on the manuscript. Aliya Khan assisted with the 
data collection and provided feedback on the manuscript.

REFERENCES
1. Burge R, Dawson‐Hughes B, Solomon DH, Wong JB, King A, 

Tosteson A. Incidence and economic burden of osteoporosis‐
related fractures in the United States, 2005-2025. J Bone Miner Res. 
2007;22(3):465-475.

2. Genant HK, Jergas M, Palermo L, Nevitt M, Valentin RS, Black 
D, et al. Comparison of semi-quantitative visual and quantitative 
morphometric assessment of prevalent and incident vertebral fractures 
in osteoporosis. J Bone Mineral Res. 1996;11(7):984-996.

3. Papaioannou A, Morin S, Cheung AM, Atkinson S, Brown JP, 
Feldman S, et al. 2010 clinical practice guidelines for the diagnosis 
and management of osteoporosis in Canada: Summary. CMAJ. 
2010;182(17):1864-1873.

4. Beck BR, Daly RM, Singh MAF, Taaffe DR. Exercise and Sports 
Science Australia (ESSA) position statement on exercise prescription 
for the prevention and management of osteoporosis. J Sci Med Sport. 
2017;20(5):438-445.

5. Giangregorio L, Papaioannou A, Macintyre N, Ashe M, Heinonen 
A, Shipp K, et al. Too fit to fracture: Exercise recommendations 
for individuals with osteoporosis or osteoporotic vertebral fracture. 
Osteoporos Int. 2014;25(3):821-835.

6. Giangregorio L, McGill S, Wark J, Laprade J, Heinonen A, Ashe M, et al. 
Too fit to fracture: Outcomes of a Delphi consensus process on physical 
activity and exercise recommendations for adults with osteoporosis with 
or without vertebral fractures. Osteoporos Int. 2015;26(3):891-910.



7

Ziebart C et al. OPEN ACCESS Freely available online

J Osteopor Phys Act, Vol. 8 Iss. 2 No: 221

7. Kohrt WM, Bloomfield SA, Little KD, Nelson ME, Yingling 
VR. Physical activity and bone health. Med Sci Sport Exer. 
2004;36(11):1985-1996.

8. Edwards M, Dennison E, Sayer AA, Fielding R, Cooper C. 
Osteoporosis and sarcopenia in older age. Bone. 2015;80:126-30.

9. O'Loughlin JL, Robitaille Y, Boivin JF, Suissa S. Incidence of and risk 
factors for falls and injurious falls among the community-dwelling 
elderly. Am J Epidemiol. 1993;137(3):342-54.

10. Christianson MS, Shen W. Osteoporosis prevention and management: 
non-pharmacologic and lifestyle options. Clin Obstet Gynecol. 
2013;56(4):703-710.

11. Kemmler W, von Stengel S, Kohl M. Exercise frequency and bone 
mineral density development in exercising postmenopausal osteopenic 
women. Is there a critical dose of exercise for affecting bone? Results 
of the Erlangen fitness and osteoporosis prevention Study. Bone. 
2016;89:1-6.

12. Kemmler W, von Stengel S, Kohl M. Exercise frequency and fracture 
risk in older adults-how often is enough? Curr Osteoporo Rep. 
2017;15(6):564-570.

13. Rodrigues IB, Adachi JD, Beattie KA, MacDermid JC. Development 
and validation of a new tool to measure the facilitators, barriers 
and preferences to exercise in people with osteoporosis. BMC 
Musculoskelet Disord. 2017;18(1):540.

14. Armstrong JJ, Rodrigues IB, Wasiuta T, MacDermid JC. Quality 
assessment of osteoporosis clinical practice guidelines for physical 
activity and safe movement: An AGREE II appraisal. Arch Osteoporos. 
2016;11(1):6.

15. Kotrlik J, Higgins C. Organizational research: Determining 
appropriate sample size in survey research appropriate sample size in 
survey research. Inf Technol J. 2001;19(1):43.

16. Kerr C, Bottomley C, Shingler S, Giangregorio L, de Freitas H, Patel C, 
et al. The importance of physical function to people with osteoporosis. 
Osteoporos Int. 2017;28(5):1597-1607.

17. Lord S. Exercise prevents fall-related injuries in older people. Nat Rev 
Endocrinol. 2019;15(4):193-194.

18. Harvey NC, Odén A, Orwoll E, Lapidus J, Kwok T, Karlsson MK, et 
al. Falls predict fractures independently of FRAX probability: A meta-
analysis of the Osteoporotic Fractures in Men (MrOS) Study. J Bone 
Miner Res 2018;33(3):510-516.

19. Dizdar M, Irdesel JF, Dizdar OS, Topsaç M. Effects of balance-
coordination, strengthening, and aerobic exercises to prevent falls in 
postmenopausal patients with osteoporosis: A 6-month randomized 
parallel prospective study. J Aging Phys Activ. 2018;26(1):41-51.

20. Sherrington C, Michaleff ZA, Fairhall N, Paul SS, Tiedemann 
A, Whitney J, et al. Exercise to prevent falls in older adults: an 
updated systematic review and meta-analysis. Br J Sports Med. 
2017;51(24):1750-1758.

21. Li F, Eckstrom E, Harmer P, Fitzgerald K, Voit J, Cameron KA. 
Exercise and fall prevention: Narrowing the research‐to‐practice gap 
and enhancing integration of clinical and community practice. J Am 
Geriatr Soc. 2016;64(2):425-431.

22. Jack D, Boian R, Merians A, Adamovich SV, Tremaine M, Recce M, 
et al. A virtual reality-based exercise program for stroke rehabilitation. 
Proceedings of the fourth international ACM conference on Assistive 
technologies; Arlington, Virginia, USA. 2000;56-63.

23. Kim J, Son J, Ko N, Yoon B. Unsupervised virtual reality-based exercise 
program improves hip muscle strength and balance control in older 
adults: a pilot study. Arch Phys Med Rehabil. 2013;94(5):937-943.

24. Singh DK, Rajaratnam BS, Palaniswamy V, Pearson H, Raman VP, 
Bong PS. Participating in a virtual reality balance exercise program can 
reduce risk and fear of falls. Maturitas. 2012;73(3):239-243.

25. Ziebart C, Gibbs JC, McArthur C, Papaioannou A, Mittmann N, 
Laprade J, et al. Are osteoporotic vertebral fractures or forward head 
posture associated with performance-based measures of balance and 
mobility? Arch Osteoporos. 2019;14(1):67.


