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ABSTRACT
A clinical practice guideline on physical therapist manage-
ment of patients with suspected or confirmed osteoporosis 
was developed by a volunteer guideline development group 
(GDG) that was appointed by the Academy of Geriatric 
Physical Therapy (APTA Geriatrics). The GDG consisted of 
an exercise physiologist and 6 physical therapists with clinical 
and methodological expertise. The guideline was based on a 
systematic review of existing clinical practice guidelines, fol-
lowed by application of the ADAPTE methodological process 
described by Guidelines International Network for adapting 
guidelines for cultural and professional utility. The recommen-
dations contained in this guideline are derived from the 2021 
Scottish Intercollegiate Guideline Network (SIGN) document: 
Management of Osteoporosis and the Prevention of Fragility 
Fractures. These guidelines are intended to assist physical 
therapists practicing in the United States, and implementa-
tion in the context of the US health care system is discussed.
Key Words:  bone health, clinical practice guideline, osteopo-
rosis, physical therapy
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SUMMARY OF RECOMMENDATIONS
•	 Exercise Recommendations for Postmenopausal Women to 

Slow Decline of Bone Mineral Density of the Hip and the Fem-
oral Neck: Physical therapists should design and advise post-
menopausal women to participate in long-duration exercise 
programs consisting of static weight-bearing exercises such as 
single-leg standing to slow the decline of bone mineral den-
sity (BMD) at the hip. Physical therapists should design and 
advise postmenopausal women to participate in long-duration, 
adequately dosed progressive-resistance strength training 
exercises such as weight training either alone or in combina-
tion with impact exercise training such as jogging, walking, 
or aerobics to slow the decline of BMD of the femoral neck. 
(Grade B, recommendation based on moderate evidence)

•	 Exercise Recommendations for Postmenopausal Women to Slow 
Decline of Bone Mineral Density of the Lumbar Spine: Physical 
therapists should consider designing and advising postmeno-
pausal women to participate in long-duration exercise programs 
consisting of walking, tai chi, progressive-resistance strength 
training (such as weight training), and different combinations of 
exercise types to slow the decline of lumbar spine BMD. (Grade 
B, recommendation based on moderate evidence)

•	 Exercise Recommendations for Premenopausal Women to 
Slow Decline of Bone Mineral Density of the Femoral Neck: 
Physical therapists should consider designing and advis-
ing premenopausal women to participate in long-duration 
exercise programs consisting of high-impact exercise (such 
as jogging) and combining impact exercise (such as stair 
climbing) with progressive-resistance strength training (such 
as weight training) to slow the decline of femoral neck BMD. 
(Grade B, recommendation based on moderate evidence)

•	 Exercise Recommendations for Premenopausal Women to 
Slow Decline of Bone Mineral Density of the Lumbar Spine: 
Physical therapists should consider designing and advising 
premenopausal women to participate in long-duration exer-
cise programs consisting of progressive-resistance strength 
training (such as weight training) alone or in combination 
with impact exercises (such as stair climbing or jogging) to 
slow the decline of lumbar spine BMD. (Grade B, recom-
mendation based on moderate evidence)

•	 Exercise Recommendations for Men: There is insufficient 
evidence to make a recommendation for exercise for 
improving BMD in men.
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INTRODUCTION

Aim of the Document
The Academy of Geriatric Physical Therapy has an ongo-
ing effort to create evidence-based practice guidelines 
for the physical therapy management of older adults. 
The purpose of this document was to provide evidence-
based recommendations on exercise interventions that 
impact bone mineral density (BMD) in individuals with 
osteoporosis.

Statement of Intent
These recommendations are not intended to be construed 
or to serve as a standard of medical care. Standards of 
care are determined on the basis of all clinical data avail-
able for an individual patient and are subject to change 
as scientific knowledge, technology advances, and pat-
terns of care evolve. These parameters of practice should 
be considered as guidelines only. Adherence to them will 
not ensure a successful outcome in every patient, nor 
should they be construed as including all proper methods 
of care or excluding other acceptable methods of care 
aimed at the same results. The ultimate judgment regard-
ing a particular clinical procedure or treatment plan must 
be made in light of the clinical data presented by the 
patient; the diagnostic and treatment options available; 
and the patient’s values, expectations, and preferences. 
However, we suggest that significant departures from 
accepted recommendations should be documented in the 
patient’s medical records at the time the relevant clinical 
decision is made.

BACKGROUND
Osteoporosis is a systemic, metabolic bone disease char-
acterized by low bone mass, impaired bone quality, and 
increased susceptibility of low-trauma fracture. The World 
Health Organization operationally defines osteoporosis 
via a dual-energy x-ray absorptiometry BMD T score at 
the spine or hip of −2.5 or below that of sex- and race-
matched young adults.1-3 This definition has been refined 
to include those with an elevated fracture risk based on 
the World Health Organization Fracture Risk Algorithm 
as another critical criterion.4 In addition, a clinical diag-
nosis of osteoporosis can be made when a low-trauma hip 
fracture occurs in the presence of normal BMD (eg, during 
a fall from a standing height) or when a low-trauma ver-
tebral, proximal humeral, or pelvic fracture (and in some 
cases, a distal forearm fracture) occurs in an individual with 
osteopenia.4 The prevalence of osteoporosis based on data 
from Centers for Disease Control and Prevention National 
Health and Nutrition Examination Survey estimates that 
more than 10 million adults older than 50 years had 
osteoporosis in 2010, with a higher prevalence in women 
(∼30%) than in men (∼16%).5,6 The risk for osteoporosis 
increases with advancing age, with women having a higher 
risk of fracture than men.5,7 The lifetime risk of osteopo-
rotic fracture for women and men is approximately 50% 
and 20%, respectively.8-10

Fragility fractures that occur from low-trauma forces, 
such as those experienced during a fall from standing 
height, result in increased morbidity, mortality, hospital-
izations and clinical burden, and reduced quality of life 
(QOL). Worldwide, osteoporosis causes more than 8.9 
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million fractures annually, with an osteoporotic fracture 
occurring every 3 seconds.11 More than 2 million osteopo-
rosis-related fractures were reported in the United States in 
2005 with hip, spine, and distal radius fractures making up 
two-thirds of osteoporosis-associated fractures.12 Patients 
who suffer from a hip or vertebral fracture have decreased 
life expectancy compared with population-based controls, 
are more likely to be women, and carry a higher mortality 
rate in those with hip fractures and those who suffered 
subsequent fractures.13-15

Physical inactivity is a modifiable risk factor that contrib-
utes to the development of low bone mass, osteoporosis, and 
increased fall risk. As the incidence of osteoporosis and frac-
tures in individuals older than 65 years continues to increase, 
the development of appropriate physical activity guidelines 
for bone health requires clear clinical standards implemented 
across different clinical settings.16 Guidelines are necessary to 
promote optimal care across a wide range of clinical settings, 
such as acute and post–acute care, outpatient, and communi-
ty-based wellness programs. Since BMD is an important pre-
dictor of fracture risk, we based the recommendations in this 
document on changes in BMD. When prescribing physical 
activity interventions to promote bone health, it is important 
to understand the characteristics of physical activity and exer-
cise that are sufficient to effect BMD without causing adverse 
outcomes such as fractures.17-20

Scope, Purpose, and Target Users
This document presents the evidence-based exercise rec-
ommendations adapted from the Scottish Intercollegiate 
Guideline Network (SIGN): Management of Osteoporosis 
and the Prevention of Fragility Fractures.21 Although the 
SIGN clinical practice guideline (CPG) addressed multiple 
aspects of the management of osteoporosis in premeno-
pausal and postmenopausal women, and men, this adapted 
document includes only the sections dealing with exercise 
interventions. Furthermore, it should be noted that while 
the SIGN CPG did not address osteoporosis in transgender 
individuals, a recent review concluded that treatment of 
osteoporosis in transgender persons follows the same guide-
lines as cisgender persons.22 Optimizing bone health may 
also reduce fracture risk. However, this adapted document 
did not directly assess any recommendations or outcomes 
related to fracture or fall rate/risk. The recommendations 
included in these adapted guidelines are intended to facilitate 
decision making by physical therapists treating individuals 
with known or suspected osteoporosis. In addition, these rec-
ommendations may inform consumers of physical therapy as 
well as other health care providers about recommended exer-
cise interventions for adults with or at risk for osteoporosis.

METHODS

Guideline Development Group
The Academy of Geriatric Physical Therapy (APTA 
Geriatrics), a component of the American Physical Therapy 
Association (APTA), appointed a multidisciplinary team of 

researchers and clinicians with expertise in guideline devel-
opment or the management of osteoporosis to develop an 
evidence-based document focused on the management of 
osteoporosis through physical therapy–directed exercise 
interventions in adults.

CPG Search
To identify existing guidelines on improving or mitigating the 
loss of BMD through exercise, we conducted a comprehensive 
search for osteoporosis-related CPGs in the following reposi-
tories: National Guideline Clearinghouse, Trip Database, 
Scottish Intercollegiate Guidelines Network, National 
Institute for Health and Clinical Excellence, National Health 
Service, Physiotherapy Evidence Database, Occupational 
Therapy Systematic Evaluation of Evidence, and Guidelines 
International Network. The following broad search terms 
were included: osteoporosis, osteopenia, low bone density, 
physical activity, exercise, physical therapy, intervention, 
and treatment. Inclusion criteria included publication within 
5 years of search (since January 1, 2013), English language, 
female-male inclusive, and relevant to exercise in the physical 
therapy management of patients with osteoporosis.

Our initial search identified the 55 unique abstracts to 
review for inclusion criteria. We excluded 20 references 
that were not CPGs, 7 that were not related to osteoporo-
sis, 5 that were outdated, 4 that addressed only diagnosis 
or pharmacological management, and 2 that included 
only 1 sex. We reviewed the full text of the remaining 17 
to determine whether they included recommendations on 
physical activity or exercise. Six of the remaining CPGs 
addressed exercise or physical activity in the management 
of osteoporosis.21,23-27

Because our initial search identified 6 CPGs addressing 
the use of exercise in managing patients with osteoporosis, 
the team explored the possibility of adapting an existing 
CPG to create recommendations for physical therapists for 
exercise prescription to mitigate BMD loss in patients with 
osteoporosis. To guide this process, we used the methodol-
ogy developed by the ADAPTE Collaboration, an inter-
national collaboration of researchers, guideline develop-
ers, and guideline implementers. ADAPTE Collaboration 
developed and validated a generic adaptation process that 
was endorsed by the Guideline International Network (G-I-
N).28 The ADAPTE method as described in the Guideline 
Adaptation: A Resource Toolkit was used to determine 
whether existing CPGs could be adapted to meet our 
stated aims.29 The ADAPTE method provided a systematic 
approach to adapting CPGs originally developed for use 
in one context for use by a different group in a different 
culture29 (see the Figure). The ADAPTE method begins by 
evaluating existing CPGs based upon their quality, rigor, 
and relevance to the practice of physical therapy.

The ADAPTE Process
To evaluate existing CPGs on their quality and rigor, we 
used the Appraisal of Guidelines for Research & Evaluation 
II (AGREE II) instrument.30 The AGREE II instrument 
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consists of 23 items scored on a 7-point response scale 
comprising 6 quality-related domains: scope and purpose, 
stakeholder involvement, rigor of development, clarity of 
presentation, applicability, and editorial independence. 
Before scoring the CPGs, all reviewers completed AGREE 
II online training.31 Training was followed by all reviewers 
scoring 3 CPGs to examine consistency in using the AGREE 
II instrument. Once consistency was achieved, pairs of 
reviewers used the AGREE  II instrument to indepen-
dently score the quality and rigor of their assigned CPGs. 
When incongruent scoring occurred, the study coordinator  

performed a third appraisal as a mediator with a follow-up 
discussion if needed. Table 1 presents the AGREE II CPG 
Rigor and Quality Scores for the 6 scored CPGs. Consistent 
with previous APTA Geriatrics documents, we included 
only CPGs with AGREE II scores of 50% for further con-
sideration for adaptation, reducing the total to 3.32

The team evaluated these 3 CPGs for relevance to the use 
of exercise interventions by physical therapists in managing 
patients with osteoporosis. We reviewed: (1) SIGN publica-
tion no. 142: Management of osteoporosis and the preven-
tion of fragility fractures21; (2) Too Fit to Fracture: exercise 

Table 1. AGREE II Rigor and Quality Scores for Osteoporosis Clinical Practice Guidelines

Guideline Title AGREE II Rigor Score AGREE II Quality Score

Management of osteoporosis and the prevention of fragility fractures. Scottish Intercollegiate 
Guidelines Network (SIGN). (Scotland, 2015, updated 2020 and 2021)21 93% 95%

Too Fit to Fracture: Exercise recommendations for individuals with osteoporosis or osteoporotic 
vertebral fracture. International Osteoporosis Foundation and National Osteoporosis Foundation. 
(Canada, 2013)27

85% 85%

National Osteoporosis Guideline Group (NOGG) 2017: Clinical guideline for the prevention and 
treatment of osteoporosis. National Institute for Health and Care Excellence (NICE) accredited. 
(Britain/United Kingdom, 2017)26

71% 65%

2015 Guidelines for Osteoporosis in Saudi Arabia: Recommendations from the Saudi Osteoporosis 
Society. (Saudi Arabia, 2015)25 41% 56%

Clinical guidelines for the prevention and treatment of osteoporosis: Summary statements and 
recommendations from the Italian Society of Orthopedics and Traumatology. (Italy, 2017)23 26% 47%

Taiwanese Guidelines for the Prevention and Treatment of Osteoporosis. (Taiwan, 2014)24 21% 38%

Abbreviation: AGREE, Appraisal of Guidelines for Research & Evaluation.

Figure. Phases, modules, and steps in the adaptation process. From the ADAPTE Collaboration, Version 2.0.29 This figure 
is available in color online (www jgeript.org).  
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recommendations for individuals with osteoporosis or osteo-
porotic vertebral fracture27; and (3) National Osteoporosis 
Guideline Group 2017: Clinical guideline for the prevention 
and treatment of osteoporosis.26 The SIGN CPG had both 
the highest overall AGREE II score and the most compre-
hensive scope of exercise recommendations. The team agreed 
that the other 2 CPGs did not provide additional informa-
tion beyond that addressed by the SIGN CPG. We therefore 
decided to adapt the SIGN CPG for use by physical therapists 
managing patients with osteoporosis in the United States.

The SIGN CPG provided recommendations for the 
comprehensive management of osteoporosis and preven-
tion of factures. Because our purpose was limited to rec-
ommendations to guide physical therapists in prescribing 
physical activity or exercise interventions to maintain or 
improve bone density, we addressed only sections of the 
SIGN CPG dealing with physical activity and exercise inter-
ventions. The SIGN CPG addressed exercise interventions 
for postmenopausal women, premenopausal women, and 
men. Exercise recommendations in the SIGN document 
were based on the findings from 8 systematic reviews. The 
SIGN CPG was published in 2015 and updated in 2020 
and 2021. To evaluate the currency of the SIGN exercise 
recommendations, we contacted the Scottish Intercollegiate 
Guidelines Network in April 2020. They indicated that 
while they were updating the SIGN CPG (Management 
of osteoporosis and the prevention of fragility fractures), 
the exercise recommendations had not changed and were 
being republished verbatim in the 2021 update (A. Stein, 
email communication, April 9, 2020). SIGN recommenda-
tions were heavily based on a Cochran Library Systematic 
Review, which was revised in 2002 and 2011.33 Emerging 
research did not trigger changes to SIGN recommendations 
in 2021. The study team reviewed the SIGN exercise rec-
ommendations to determine the extent to which we needed 
to modify them to make them more relevant to physical 
therapist practice. We also reviewed the terminology used 
in the recommendations to assess consistency with the ter-
minology used in the source studies and with terminology 
commonly used in the United States.

Guideline Adaptation
The SIGN CPG used the definitions of exercise types described 
in the Cochrane Library Systematic Review: “Exercise for 
Preventing and Treating Osteoporosis in Postmenopausal 
Women.”33 The Cochrane Review described exercises as 

static or dynamic, weight-bearing or non–weight-bearing 
position, and involving high or low force (see Table 2). To 
provide physical therapists with the type of exercise infor-
mation they would need to guide practice, we extracted 
detailed information on exercise mode, frequency and dura-
tion, adverse events, and participant characteristics from the 
systematic reviews on which SIGN based their recommenda-
tions. Physical activity encompasses all bodily movements 
(ie, walking, cycling, active recreation) that are performed at 
any level of skill and for enjoyment. Exercise falls under the 
umbrella of physical activity and is planned, structured, and 
repetitive. These components are the basis of exercise pre-
scription that targets objective improvement or maintenance 
in physical health and/or fitness.34 Since this document is 
focused on improving bone health, we are contextualizing all 
recommendations under the term “exercise.” We described 
the strength of the adapted recommendations based on 
criteria from the APTA Clinical Practice Guideline Process 
Manual, Revised35 (see Table 3).

RESULTS

Sign Exercise Recommendations for Postmenopausal 
Women

Static weight-bearing exercise
SIGN recommendations: Static weight-bearing (SWB) 
exercise, for example, single-leg standing should be consid-
ered to slow the decline of hip BMD.

SIGN summary: A meta-analysis reported a statistically 
significant reduction in BMD decline from 1 small study of 
single-leg standing (mean difference in hip BMD between 
exercise and control groups: 2.42%; 95% CI, 0.73-4.10). 
No risk of fracture/falls or QOL outcomes were reported.33

Dynamic weight-bearing exercise (low force)
SIGN recommendations: Walking, tai chi, and progressive-
resistance strength training (such as closed kinetic chain 
weight training) should be considered to slow the decline 
of lumbar spine BMD.

SIGN summary: Dynamic weight-bearing exercise with 
low force (DWBLF) performed standing (ie, walking, tai 
chi) showed no effect on fracture outcomes.33 Dynamic 
weight-bearing exercise with low force mitigated the 
decline in spine BMD as demonstrated in a meta-analysis of 
7 studies (mean difference in spine BMD between exercise 

Table 2. Exercise Interventions Definitions

Exercise Definition33

SWB Static weight-bearing exercise including single-leg standing.

DWBLF Dynamic weight-bearing exercise with low force including walking and tai chi.

DWBHF Dynamic weight-bearing exercise with high force including jogging, jumping, running, dancing, and vibration platform.

NWBLF Non–weight-bearing exercise with low force, eg, low-load high-repetition strength training.

NWBHF Non–weight-bearing exercise high force, eg, progressive resisted strength training.

COMB Combination of exercise types with more than one of the above exercise interventions.
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and control groups: 0.84%; 95% CI, 0.26-1.48); however, 
no effect was observed for hip BMD.33 Bone mineral den-
sity data at the femoral neck were inconsistent in show-
ing a positive effect from walking.36 However, another 
systematic review demonstrated reduction in BMD decline 
associated with walking in 2 studies.37 No data are avail-
able on the effect of DWBLF on the risks of falls or QOL.

Dynamic weight-bearing exercise (high force)
SIGN recommendation: No evidence-based recommenda-
tion provided. There was no statistically significant effect of 
this type of exercise on bone density at the spine or the hip.

SIGN summary: Dynamic weight-bearing exercise with 
high force (DWBHF) performed in a standing position 
includes these forms of exercise: jogging, jumping, running, 
dancing, and use of vibration platforms. There was no effect 
on change in BMD of the spine reported in a meta-analysis 
of 4 studies involving DWBHF.33 Furthermore, high-impact 
only and odd-impact only protocols were ineffective in 
increasing BMD at any site.38 (Odd-impact was defined as 
aerobic or step classes, bounding exercises, agility exercises, 
and games in which movements included directional elements 
that the body is not normally accustomed to.) No data were 
available on the effects of high-force dynamic weight-bearing 
exercise on the risks of fracture, falls, or QOL.

Non–weight-bearing exercise (low force)
SIGN recommendation: No evidence-based recommenda-
tion provided.

SIGN summary: Non–weight-bearing exercise with 
low force (NWBLF) includes high-repetition, low-load 
strength training with open kinetic chain weight exercises 
in a supported or seated position. No significant differences 
were observed for any BMD outcomes with low-force 
non–weight-bearing exercise, for example, seated low-load, 
high-repetition strength training.33 No data were available 
on the effects of non–weight-bearing exercise on the risks 
of fracture, falls, or QOL.

Non–weight-bearing exercise (high force)
SIGN recommendation: Progressive resistance strength 
training exercise (such as open kinetic chain weight 
training) should be considered to slow the decline of femo-
ral neck BMD.

SIGN summary: Non–weight-bearing exercise with high 
force (NWBHF) includes progressive resistance strength 
training with open kinetic chain weight exercises in a sup-
ported or seated position. The NWBHF exercise slowed the 
BMD decline at the spine (mean difference in spine BMD 
between exercise and control groups: 0.86%; 95% CI, 
0.58-1.13, 8 studies) and neck of femur (mean difference 
in femoral neck BMD between exercise and control groups: 
1.03%; 95% CI, 0.24-1.82, 8 studies).33 An increase in 
spine BMD of 0.006 g/cm2 (95% CI, 0.002-0.011; P = 
.006, 14 studies) was demonstrated following NWBHF in 
a different meta-analysis.39 No data were available on the 
effects of non–weight-bearing high force exercise on the 
risks of fracture, falls, or QOL.

Combination of exercise types
SIGN recommendation: Combinations of closed kinetic 
chain (low force) (eg, progressive strengthening, balance 
training, endurance training), paired with open kinetic 
chain (high force) (eg, flexibility/stretching, progressive 
strengthening, endurance training) should be considered to 
optimize bone health.

SIGN summary: Risk of fractures in groups performing 
combinations of any 2 of the exercise types (SWB, DWBLF, 
DWBHF, NWBLF, and NWBHF) was significantly lower 
than that in controls (odds ratio: 0.33; 95% CI, 0.13-0.85, 
2 studies).33 A reduction in BMD decline at the spine was 
reported (mean difference in spine BMD between exercise 
and control groups immediately following intervention: 
3.22%; 95% CI, 1.80-4.64, 4 studies). Combination of 
exercise types (COMB) exercise slowed total hip BMD 
decline when compared with controls (mean difference 
in total hip BMD between exercise and control groups: 

Table 3. Grades/Strength of Recommendation

Letter 
Grade

Strength of 
Recommendation Definition35

A Strong
A high level of certainty of moderate to substantial benefit, harm, or cost, or a moderate level of certainty for substantial 

benefit, harm, or cost (based on a preponderance of level 1 or 2 evidence with at least 1 level 1 study).

B Moderate
A high level of certainty of slight to moderate benefit, harm, or cost, or a moderate level of certainty for a moderate level 

of benefit, harm, or cost (based on a preponderance of level 2 evidence, or a single high-quality RCT).

C Weak
A moderate level of certainty of slight benefit, harm, or cost, or a weak level of certainty for moderate to substantial 

benefit, harm, or cost (based on level 2 through 5 evidence).

D
Theoretical/

foundational

A preponderance of evidence from animal or cadaver studies, from conceptual/theoretical models/principles, or 
from basic science/bench research, or published expert opinion in peer-reviewed journals that supports the 
recommendation.

P Best practice
Recommended practice based on current clinical practice norms, exceptional situations in which validating studies 

have not or cannot be performed; yet, there is a clear benefit, harm, or cost, expert opinion.

R Research An absence of research on the topic or disagreement among conclusions from high-quality studies on the topic.

Abbreviation: RCT, randomized clinical trial.
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−1.07%; 95% CI, −1.58 to −0.56, 4 studies).33 Impact 
protocols that included jogging mixed with walking and 
stair climbing, and protocols that incorporated impact 
exercise with high-magnitude force (resistance exercises) 
were effective at reducing bone density loss at the lum-
bar spine and femoral neck.38 Combined aerobics and 
high-intensity resistance exercises had a positive effect 
on BMD decline.37 Intervention with combined exercise 
programs had better effects on physical function, pain, 
and vitality domains than controls (P < .05).40 No data 
were available on the effects of these interventions on the 
risks of falls.

A systematic review and meta-analysis of moderate- 
to high-quality randomized clinical trials (RCTs), which 
looked at the effect of falls prevention exercise programs 
on fracture rates, reported a significant reduction in the 
rate of falls resulting in fracture, with a pooled estimated 
rate ratio of 0.39 (0.23-0.66, 6 studies, I2 = 0%). While 
mixed populations were included, 77% of participants 
were postmenopausal women, and no subgroup analysis 
for men was performed. The studies that decreased falls 
resulting in fractures included balance training and most 
were multicomponent, including other exercise types such 
as strengthening, flexibility, and endurance exercise.41 
Another meta-analysis reported an overall fracture reduc-
tion in the exercise group compared with controls (rela-
tive risk: 0.49; 95% CI, 0.31-0.76).42 The findings of this 
study are limited by methodological flaws of individual 
studies, and potential for publication bias was noted by 
the authors.

ADAPTED EXERCISE RECOMMENDATIONS FOR 
POSTMENOPAUSAL WOMEN

Adapted Exercise Recommendations for 
Postmenopausal Women to Slow Decline of BMD 
of the Hip and the Femoral Neck
Physical therapists should design and advise postmeno-
pausal women to participate in long-duration (ie, minimum 
of 6-48 months) exercise programs consisting of static 
weight-bearing (SWB—SIGN terminology) exercises such 
as single-leg standing to slow the decline of BMD at the 
hip. Physical therapists should design and advise postmeno-
pausal women to participate in long-duration, adequately 
dosed progressive resistance strength training exercises 
such as weight training either alone or in combination 
with impact exercise training such as jogging, walking, or 
aerobics to slow the decline of BMD of the femoral neck. 
(Grade B, recommendation based on moderate evidence)

Adapted Exercise Recommendations for 
Postmenopausal Women to Slow Decline of BMD 
of the Lumbar Spine
Physical therapists should consider designing and advising 
postmenopausal women to participate in long-duration exer-
cise programs consisting of walking, tai chi, progressive 

resistance strength training (such as weight training), and 
different combinations of exercise types to slow the decline 
of lumbar spine BMD. (SIGN terminology DWBLF, 
NWBHF, COMB). (Grade B, recommendation based on 
moderate evidence)

Postmenopausal Women: Adapted Summary 
Statement
Based upon evidence from the SIGN CPG systematic 
reviews, there is a small positive effect on BMD in 
postmenopausal women that is exercise mode and ana-
tomical site specific. Static weight-bearing exercises such 
as single-leg stance had a modest impact on the decline in 
hip BMD.33 This finding was based solely on 1 RCT in 
Asian women without a clear diagnosis of osteoporosis; 
therefore, generalizability to other populations is unclear. 
However, based upon positive findings and the low risk 
of adverse events, we agree that single-leg weight-bearing 
activities should be recommended. The specific dose is 
unclear, but 1 minute per leg, 3 times per week for 24 
weeks had a beneficial effect. The DWBLF exercises slowed 
BMD loss at the lumbar spine but no effect on BMD at the 
hip.33,36,37,41,42 Participants in DWBLF studies ranged from 
healthy postmenopausal women to women with diagnosed 
osteopenia, ranging in age from 46 to 92 years. Many of 
the studies included balance and flexibility exercises in 
addition to the DWBLF exercises. The reports of injuries 
and high attrition are of some concern, but injuries did 
occur in both control and experimental groups. The high 
attrition rates reported suggest that motivational strategies 
should be an important aspect of this type of exercise pro-
gram. The exercise programs in these studies were generally 
high-intensity and long-duration. The overall dose ranges 
were 50 to 60 minutes, 3 times per week for 40 to 54 weeks 
at 60% to 70% of heart rate reserve.

The NWBHF exercise had a positive effect on BMD at 
both the spine and the femoral neck.33,39 Participants in 
these studies ranged from healthy postmenopausal women 
to women with diagnosed osteoporosis or osteopenia, 
ranging in age from 41 to 75 years. These studies reported 
a low incidence of injuries. Because older individuals may 
be at increased risk for falls, NWBHF exercises such as 
seated, high-intensity progressive resistive strength training 
may be inherently safer than DWBHF exercises in this pop-
ulation. The exercise programs in these studies were gener-
ally high-intensity and long-duration. The NWBHF exer-
cises doses ranged from 1 to 3 sets, 7 to 14 repetitions, at 
approximately 70% to 85% 1 repetition maximum (RM), 
2 to 3 times per week, for 24 to 104 weeks. Estimation of 
intensity based on 1RM is beyond the scope of this CPG 
but has previously been addressed in other publications.43

The COMB exercise moderately improved BMD at the 
spine and slightly improved BMD at the trochanter/femoral 
neck.33,37,38,40-42 In each of the 4 COMB studies, references 
were made to aerobic exercise or low-impact aerobics, 
but it is not clear how these activities were performed. 
Therefore, based on the data provided, we recommend  
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utilizing DWBLF paired with NWBHF. Participants in 
these studies included postmenopausal women with osteo-
porosis with ages ranging from 57 to 87 years.

There was insufficient evidence to support the use of 
NWBLF or DWBHF exercises.33,38 The NWBLF exercises 
may be underdosed on the basis of recommendations from 
the APTA in the American Board of Internal Medicine 
Foundation’s “Choosing Wisely” campaign.44 However, it 
is important to note that participants in the studies exam-
ining this type of exercise were healthy postmenopausal 
women. The effect of NWBLF exercises on osteoporotic 
women is unknown. The DWBHF exercises did not have 
a positive effect on BMD at the spine or the hip. There is a 
possibility that the high-frequency, high-magnitude activi-
ties, such as plyometrics, jumping, and running, included 
in DWBHF programs could result in stress reactions or 
structural failure due to excessive overload in women with 
osteoporosis.45 Conversely, the inclusion of vibration as a 
DWBHF activity is inconsistent with practical application 
in the United States. This intervention is typically done in a 
static standing position, with frequencies ranging from 12 
to 50 Hz, and with no additional external force added.46 
Thus, overall, DWBHF exercises did not show a positive 
effect in the SIGN document. Based on the description 
of DWBHF, it is important to note that minimal injuries 
were reported across the 4 studies indicating that this type 
of exercise could be safe, but the conclusions were drawn 
from a relatively small number of studies utilizing this form 
of exercise with postmenopausal women (see Table 4).

SIGN EXERCISE RECOMMENDATIONS FOR 
PREMENOPAUSAL WOMEN

Static Weight-Bearing Exercise
SIGN recommendation: No evidence-based recommenda-
tion provided.

SIGN summary: No systematic reviews have provided 
evidence on SWB forms of exercise intervention in pre-
menopausal women.

Dynamic Weight-Bearing Exercise (Low Force)
SIGN recommendation: No evidence-based recommenda-
tion provided.

SIGN summary: No systematic reviews have provided 
evidence on DWBLF forms of exercise intervention in 
premenopausal women. One meta-analysis of 10 RCTs 
on the effect of walking on BMD in postmenopausal and 
perimenopausal women reported only a single small trial, 
which included perimenopausal women aged 40 to 60 
years (n = 50). This study showed no effect of walking on 
BMD in this cohort.47

Dynamic Weight-Bearing Exercise (High Force)
SIGN recommendation: Progressive-resistance strength 
training (such as closed kinetic chain weight training) 
alone, or in combination with impact exercise (such as 
stair climbing or jogging), should be considered to slow the 
decline of lumbar spine BMD.

SIGN summary: High-impact only programs were 
effective in reducing BMD decline only at the femoral neck 
(weighted mean difference, WMD: 0.024 g/cm2; 95% CI, 
0.002-0.027; P < .00001).48

Non–Weight-Bearing Exercise (Low Force)
SIGN recommendation: No evidence-based recommenda-
tion provided.

SIGN summary: No systematic reviews have provided 
evidence on NWBLF forms of exercise intervention in pre-
menopausal women.

Non–Weight-Bearing Exercise (High Force)
SIGN recommendation: Progressive-resistance strength 
training (such as open kinetic chain weight training) should 
be considered to slow the decline of lumbar spine BMD.

SIGN summary: High-intensity progressive resistance train-
ing was shown to be effective in increasing absolute BMD at the 
lumbar spine (WMD: 0.014 g/cm2; 95% CI, 0.009-0.019; 
P < .00001) but not the femoral neck (WMD: 0.001 g/cm2; 95% 
CI, −0.006 to 0.008, P = .78) in premenopausal women.49

Combination of Exercise Types
SIGN recommendation: High-impact exercise (such as jog-
ging and stair climbing) and combining impact exercise with 
progressive-resistance strength training should be considered 
to slow the decline of femoral neck and lumbar BMD.

SIGN summary: Exercise programs that combine odd- 
or high-impact activity with high-magnitude resistance 
training appear effective in increasing BMD in premeno-
pausal women at the femoral neck (WMD: 0.007 g/cm2; 
95% CI, 0.001-0.013; P = .02) and the spine (WMD: 
0.009 g/cm2; 95% CI, 0.002-0.015; P = .01).48

ADAPTED EXERCISE RECOMMENDATIONS FOR 
PREMENOPAUSAL WOMEN

Exercise Recommendations for Premenopausal 
Women to Slow Decline of BMD of the Femoral Neck
Physical therapists should consider designing and advis-
ing premenopausal women to participate in long-duration 
exercise programs consisting of high-impact exercise (such 
as jogging) and combining impact exercises (such as stair 
climbing) with progressive-resistance strength training 
(such as weight training) to slow the decline of femoral 
neck BMD. (Grade B, recommendation based on moderate 
evidence)

Exercise Recommendations for Premenopausal 
Women to Slow Decline of BMD of the Lumbar Spine
Physical therapists should consider designing and advis-
ing premenopausal women to participate in long-duration 
exercise programs consisting of progressive-resistance 
strength training (such as weight training) alone or in 
combination with impact exercises (such as stair climb-
ing or jogging) to slow the decline of lumbar spine BMD. 
(Grade B, recommendation based on moderate evidence)
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Premenopausal Women: Adapted Summary 
Statement
There is insufficient or no evidence on which to make recom-
mendations about the use of SWB, DWBLF, and NWBLF 
exercises in premenopausal women.47 Evidence supported 
the positive impact of DWBHF such as jumping, jogging, 
and running in reducing BMD decline at the femoral neck.48 
Participants in these studies were healthy, premenopausal 
women aged 20 to 48 years with program durations ranging 
from 6 months to 2 years. Evidence also supported NWBHF 
exercises such as seated progressive resistive and high-load 
strength training for increasing BMD at the lumbar spine.49 
Participants in these studies were healthy, premenopausal 
women aged 20 to 50 years with program durations rang-
ing from 5 to 18 months. The COMB exercise programs 
that included combinations such as circuit strength training 
and high-impact aerobics or skipping and strength training 
increased BMD at both the femoral neck and lumbar spine 
in healthy participants with ages ranging from 24 to 41 
years with program durations of 6 to 24 months.48 These 
findings suggest that long-duration appropriately dosed 
high-force exercises are required to improve bone health in 
healthy premenopausal women. These programs must be 
viewed as preventative in that none of the participants were 
diagnosed with osteoporosis (see Table 5).

SIGN EXERCISE RECOMMENDATIONS FOR MEN
SIGN summary: One meta-analysis identified 3 studies that 
investigated the effects of exercise on BMD in men. These 
studies included diverse populations, with varied exercise 
types and used different measures of BMD. Study qual-
ity was unclear overall, and 2 studies were unpublished 
dissertations. The primary outcome measures of change 
in lumbar spine or femoral neck BMD were calculated as 
standardized effect sizes (g). The g statistic for each group 
from each study was calculated as the change score differ-
ence (absolute or relative) in the exercise group minus the 
change score difference in the control group, divided by 
the pooled standard deviation of the exercise and control 
groups. The relative magnitude of g may be described as 
trivial (<0.20), small (≥0.20 to <0.50), medium (≥0.50 
to <0.80), or large (≥0.80).

Overall, a moderate and statistically significant benefit 
of exercise on the femoral neck BMD was observed (g = 
0.583; 95% CI, 0.031-1.135). No significant effect was 
seen with exercise on lumbar spine BMD (g = 0.190; 95% 
CI, −0.036 to 0.416).50

Another systematic review considered the effect of resis-
tance training (eg, weight training) only or in combination 
with impact-loading (weight bearing) activities. This small 
review considered heterogeneous study designs of varying 
and limited quality that used different sites to measure 
BMD. The authors concluded that exercise may be a safe 
and effective means to reduce BMD loss in middle- and 
older-aged men.51 Exercise protocols included a range of 
DWBLF, DWBHF, NWBLF, and NWBHF activities.

SIGN recommendation: There is currently limited evi-
dence on the role of exercise in mitigating BMD loss in 
men. Further well-designed research studies in men are 
needed before any recommendations can be made.

ADAPTED EXERCISE RECOMMENDATIONS 
FOR MEN

Men: Adapted Summary Statement
There is insufficient evidence to support exercise as a fac-
tor in improving BMD in men. However, exercise is a safe 
and effective means of maintaining and improving health, 
function, and QOL supported by national physical activity 
guidelines.52

Because of a lack of research evidence on the role of 
exercise in improving BMD in men, we were unable to 
provide any adapted exercise recommendations for men.

DISCUSSION

SIGN Summary of Knowledge Gaps and Future 
Research
Overall, there was a small, positive effect of exercise on 
BMD in postmenopausal women that is exercise-type and 
site-specific. High-force exercise can reduce BMD decline 
at the femoral neck, progressive-resistance exercise can 
reduce BMD decline at the lumbar spine, and impact pro-
tocols combined with resistance can reduce BMD decline 
at both the femoral neck and the lumbar spine. When 
comparing premenopausal with postmenopausal recom-
mendations, there is a change in loading recommenda-
tions. Premenopausal women should perform high-force 
exercises in both weight-bearing and non–weight bearing 
positions to improve hip and spine BMD. This exercise 
prescription is aligned with current recommendations to 
improve bone size and strength, which may translate to a 
reduction in fractures. When transitioning to postmeno-
pausal women, high forces are recommended only for 
non–weight-bearing (ie, seated, supported) positions, while 
low forces should be used with static (unilateral stance) or 
dynamic (walking, dancing) exercises. Although there was 
no specific recommendation for men, the lack of adverse 
effects supported our recommendation of encouraging and 
implementing lifelong fitness and bone health strategies 
such as those recommended for women of corresponding 
ages. Research studies commonly focus on the hip, spine, 
and radius because these sites make up the large majority 
of fracture sites. While we cannot speak to BMD improve-
ments at additional sites, we cannot exclude the possibility 
that these recommendations can have universal skeletal 
effects. Conclusions must be interpreted with some caution 
as the original studies suffered from diverse methodologi-
cal and reporting discrepancies that resulted in low study 
quality.21

Osteoporosis is difficult to capture in a silo of simply 
BMD. While BMD is important, fracture risk and falling 
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are as equally important to the patient for QOL and mobil-
ity. The difficulty lies in how to identify change and utilize 
palatable evidence-based documents for clinicians and 
patients. We viewed osteoporotic fractures as a combina-
tion of low BMD and fall risk. Given that a falls evidence-
based document specific to physical therapy currently 
exists, our focus for this document was solely on BMD. 
The challenge specific to BMD is the long duration needed 
to improve bone health parameters, paired with the clinical 
need to document BMD changes that we as physical thera-
pists do not measure. The lack of head-to-head compari-
sons of interventions and outcomes increase the complexity 
in decision making for clinicians and for patients to realize 
progress. Regardless of expected outcomes, properly dosed 
exercise is assumed to be a safe intervention, with appropri-
ate considerations for patients who present to the physical 
therapist with previous fracture, injuries, or comorbidities 
in combination with osteoporosis.

Adapted Summary of Knowledge Gaps and Future 
Research
Evidence concerning the safety of exercise interventions was 
inferred from reports of very few adverse events in trials of 
exercise intervention. Older individuals have both real and 
perceived concerns about participating in long-duration 
exercise programs. Unfortunately, none of the research 
studies supporting this CPG specifically examined exercise 
safety or included participants who would be at high risk 
for adverse exercise outcomes. The lack of evidence should 
not infer to the reader that exercise is unsafe for older 
individuals attempting to improve BMD but rather, further 
research is warranted particularly in high-risk populations.

Both clinicians and patients want to identify the best 
exercise program to improve BMD. Unfortunately, none of 
the studies directly compared 2 potentially effective exer-
cise interventions. Such studies would be very costly and 
difficult to conduct. One of the challenges of bone research 
is that in adults, bone does not demonstrate appreciable 
and measurable short-term (ie, <3 months) adaptations 
in response to loading, rather bone adapts over the long 
term (ie, 6-48+ months).45 Studies comparing 2 exercise 
interventions for their impact on hip and spine BMD would 
need to be of long duration. The long duration combined 
with the large sample size required to compare the effec-
tiveness of 2 interventions would present several challenges 
including the high cost of such a study, difficulty recruiting 
participants, and maintaining exercise adherence over a 
long period. Exercise intervention studies to improve BMD 
of nonosteoporotic premenopausal women would have the 
added problem of focusing on preventing rather than treat-
ing osteoporosis. In addition, these studies lacked racial 
diversity and therefore it is difficult to extrapolate findings 
to the general US population. Given all these obstacles, it 
is not surprising that we continue to lack evidence to guide 
physical therapist management of individuals with osteo-
porosis. Future studies should explore response to exercise 
interventions targeted to individuals across broader racial 

groups. Physical therapist management of osteoporosis 
from examination and evaluation to intervention will be 
addressed in a companion document that utilized a Delphi 
process to produce recommendations based on expert 
opinion.

Although fracture and falls were not a focus of this doc-
ument, we retained the full spirit of the SIGN recommen-
dation. There was evidence that exercise influences fracture 
risk when the exercise is multimodal and part of a fall 
prevention program. No systematic reviews have reported 
on fracture/falls risk, adverse effects, or QOL outcomes 
of exercise interventions for premenopausal women with 
osteoporosis. Fractures are an important outcome measure 
in individuals with osteoporosis and are closely associated 
with fall risk. Exercise interventions may decrease the risk 
of fracture by both increasing BMD and by decreasing risk 
of falling. It is important for physical therapists to assess 
the risk of falling in individuals with osteoporosis, which 
is not addressed in this document. We recommend that 
clinicians managing patients with osteoporosis consult 
the Academy of Geriatric Physical Therapy/APTA clinical 
guidance statement directed at fall risk reduction.32

Implementation
The recommendations included in this document are sup-
ported by evidence indicating specific types of exercise that 
may improve or slow the decline in BMD at the hip and 
the lumbar spine in both pre- and postmenopausal women. 
However, it is important to recognize that this evidence 
comes from long-duration exercise programs ranging in 
length from many months to a year or more. In the United 
States, the duration of physical therapy episodes of physi-
cal therapist care is not commonly sustained for a year or 
more. However, patients could be managed for much 
longer episodes of care throughout the life span by par-
ticipating in long-duration exercise programs and routine/
annual physical therapy checkups. For patients with access 
to Medicare, physical therapists’ services are a covered 
benefit, with no limitations on care (related to time, visits, 
or cost) if the services provided are medically necessary 
and skilled.53,54 This includes maintenance care and care to 
prevent a decline in function.54 A new model for physical 
therapy management of patients with osteoporosis could 
involve concluding and then resuming multiple short epi-
sodes of care over an extended time period. In addition, 
patients who are able to safely participate in lifelong physi-
cal activities to improve bone health, and health in general, 
should be encouraged to do so.

The ability of individuals to follow physical therapy 
recommendations requiring them to participate in long-
duration exercise programs will be influenced by many of 
the social determinants of health. Healthy People 2020 
organizes the social determinants of health around 5 key 
domains: (1) economic stability, (2) education, (3) health 
and health care, (4) neighborhood and built environment, 
and (5) social and community context.55 Physical thera-
pists should evaluate each patient’s  social determinants of 
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health when designing long-duration exercise programs to 
improve bone health in premenopausal women and main-
tain bone mass in women with osteoporosis. We recom-
mend that clinicians consider the following 5 factors:

Economic stability
Patients in economic distress may be food or housing inse-
cure. Such patients would be unable to join a health club or 
purchase exercise equipment. Fortunately, many exercises 
do not require equipment. Static weight-bearing exercises 
such as single-leg stance may slow the decline of hip BMD 
if performed at least 1 minute per leg. When individuals 
cannot join a health club or purchase exercise equipment, 
NWBHF (seated progressive resistive, high-load strength 
training) programs can use easily accessible items such as 
elastic tubing or plastic jugs filled with water to provide 
resistance. The DWBLF walking programs to slow decline 
in spine BMD in postmenopausal women with osteopo-
rosis or DWBHF programs to prevent osteoporosis (ie, 
premenopausal women) such as running, jogging, jumping, 
or stair climbing do not require equipment or access to a 
health club.

Education
Patients with marginal literacy may have difficulty under-
standing written instructions for home exercise programs. 
Patients with poor literacy may not understand the instruc-
tions to progress exercise programs, exercise precautions, 
or appreciate the benefits of long-duration exercise. This 
type of patient may require closer supervision, video 
instruction, or illustrated handouts provided by a physical 
therapist.

Health and health care
Patients without health insurance may not be able to 
afford even a small number of physical therapy sessions to 
develop and progress an exercise program. Patients covered 
by Medicare advantage plans may have limitations on the 
number of therapy sessions allowed for an episode of care. 
Patients with traditional Medicare Part B may have more 
flexibility in the number and duration of an episode of care 
for licensed therapists to prescribe and monitor an exercise 
program to maintain BMD. Patients with poor health lit-
eracy may not understand the relationship between exercise 
and BMD and may require closer supervision by a physical 
therapist.

Neighborhood and built environment
Exercise programs involving walking or jogging may slow 
the decline of BMD of the femoral neck and lumbar spine. 
However, patients who live in dangerous neighborhoods due 
to crime or in neighborhoods where sidewalks are lacking or 
in disrepair may have difficulty participating in these types 
of exercise programs. Physical therapists should consider the 
patient’s physical environment when designing exercise pro-
grams and may recommend possible alternative environments 
such as parks, malls, or school grounds when available.

Social and community
Exercise programs to improve or maintain BMD must be of 
long duration to be effective. The duration can range from 
6 to 48 months, while the most commonly employed time 
frame is 12 months.56 Social support and encouragement 
from family or friends are often critical in initiating and 
sustaining participation. Individuals who live alone or who 
are socially isolated may benefit from joining health clubs 
or community exercise groups.

External Review

Expert reviewers
A panel of 17 experts in geriatric physical therapy and/or 
osteoporosis was invited to review an initial draft of the 
document. Invited experts included 3 physical therapists 
with demonstrable research expertise in physical therapist 
management of patient/clients with osteoporosis, 8 physi-
cians (endocrinology, geriatrics, and/or orthopedics), 3 
exercise physiologists with research expertise in exercise 
and bone health, and 2 lay people who would be impacted 
by the work. The panelists were provided with a draft of 
the work and then asked to complete a 22-item survey 
asking about its methodology and feasibility of implemen-
tation. Four of the invited experts commented (2 physical 
therapists and 2 exercise physiologists). Panelists were 
given up to 30 days to provide input. Detailed results of 
the survey are presented in Supplemental Digital Content 
Table 1, available at: http://links.lww.com/JGPT/A104, 
which summarizes invited expert and APTA Geriatrics 
Bone Health Special Interest Group members’ levels of 
agreement. All comments, suggestions, and feedback from 
the expert reviewers were provided to the authors for con-
sideration and revisions. Revisions to the draft were made 
in response to relevant comments.

Target user reviewers
Members of APTA Geriatrics were invited to review and 
comment on the draft via a blast email. Additional targeted 
emails were sent to members of APTA Geriatrics’ Bone 
Health Special Interest Group. Nine physical therapists 
initiated the survey and 6 completed it. Users had up to 
17 days to complete the survey and comment. The results 
of the survey responses are presented in Supplemental 
Digital Content Table 1, available at: http://links.lww.com/
JGPT/A104, which summarizes invited expert and APTA 
Geriatrics Bone Health Special Interest Group members’ 
levels of agreement. There were no additional comments 
provided by the user group.

Source guideline developer review
The guideline development group sent a copy of the 
adapted guideline to the source developer (SIGN) for feed-
back. They had no recommendations for changes aside 
from clarifying that the original SIGN CPG addressed falls 
and/or fracture risk/rate, but in this adapted document, 
those outcomes were not addressed. While SIGN does not 

http://links.lww.com/JGPT/A104


E118 Volume 45 • Number 2 • April-June 2022

New Clinical Practice Guideline

endorse guidelines from other organizations, they did grant 
full consent to the SIGN guideline being used for the adap-
tation. (A. Stein, email communication, August 12, 2021.)

Endorsement
This CPG has been reviewed and endorsed by the medical 
and scientific advisory boards/councils of the following 
organizations:

•	 American Bone Health (Raleigh, North Carolina)
•	 National Osteoporosis Foundation (Arlington, 

Virginia)

Dissemination Plans
The primary purpose of this CPG is to provide interested 
readers full documentation of the best available evidence 
for mitigating the loss of BMD for the management of 
patients with suspected or known osteoporosis. Publication 
of this guideline will be announced by press release 
and published in a high-impact, peer-reviewed journal. 
Education and awareness about this CPG will be dissemi-
nated via online resources, such as webinars and continuing 
education courses, at professional annual meetings and via 
social media. Pocket guides will be developed by APTA 
Geriatrics as implementation tools to aid in the dissemina-
tion of the CPG.

Revision and Reaffirmation Plans
This CPG represents a cross-sectional view of current treat-
ment and may become outdated as new evidence becomes 
available. It will be reviewed in 5 years and will be updated 
in accordance with new evidence, changing practice, rap-
idly emerging treatment options, and new technology, reaf-
firmed, or withdrawn.
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