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Abstract

Purpose of review The aim of this review is to provide healthcare professionals with
evidence-based physical activity recommendations, and tips for implementing them in
practice.
Recent findings Individuals with osteoporosis should engage in a multicomponent exercise
program that includes twice-weekly resistance training, balance exercises, and 150 min
per week of moderate to vigorous intensity aerobic physical activity. There is strong
evidence that exercise programs that include challenging balance exercises and include
at least 3 h a week of exercise can prevent falls. Resistance training is encouraged to
increase muscle strength and prevent bone loss.
Summary Because of the strong evidence supporting challenging balance exercises for fall
prevention, and multicomponent exercise programs that include resistance training for
prevention of bone loss, aerobic physical activity should not be recommended to the
exclusion of resistance and balance exercises. Examples and tips are provided to support
exercise counseling.

Introduction

Osteoporosis is a bone disease characterized by low
bone mass and microarchitectural deterioration of bone
tissue, which leads to bone fragility and an increased risk
of fractures. Fractures occur when the load applied to

bone is greater than bone strength, and are often the
result of a fall (Fig. 1) [1•]. Risk factors for fracture
include increasing age, female sex, previous fractures,
parental history of hip fracture, smoking, and use of
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glucocorticoids [2]. Fractures represent an important
cause of morbidity and mortality: there is a five- to
eightfold increased risk of death in the first 3 months
after hip fractures [3] and 16% of people die in the
5 years following a vertebral fracture [4]. Osteoporosis
Canada (2017) [5] estimates that over 80% of all frac-
tures in people ≥ 50 years old are caused by osteoporo-
sis. Furthermore, 9.9 million Americans and 1.5 million
Canadians have been diagnosed with osteoporosis,
while one in two Caucasian women and one in five
Caucasian men will experience an osteoporosis-related
fracture during their life [6]. Importantly, many people

with osteoporosis live with a fear of fractures, or with
pain and impairments in physical function from prior
fractures, which can result in activity limitations and
restrictions in participation in life roles [7]. Clinical
practice guidelines for the management of osteoporosis
recommend exercise as an adjunct therapy for fracture
prevention. Certain types of exercise may prevent bone
loss in postmenopausal women [8••].The aim of this
narrative review is to provide healthcare professionals
with evidence-based physical activity recommendations
for individuals with osteoporosis, and tips to put them
into practice (Fig. 1).

Physical activity principles

Although the terms Bexercise^ and Bphysical activity^ have distinct definitions,
they are often used interchangeably. Physical activity can be defined as any
movements of the body produced by skeletal muscles and leading to energy
expenditure (including household chores or activities of leisure), while exercise
is a planned, structured, repeated, and purposive type of physical activity with
the intent of improving or maintaining physical fitness [9•]. An exercise or
physical activity recommendation is usually prescribed using the FITT (fre-
quency, intensity, time, and type) principle (Table 1), whose combination
determines the total volume of training. An exercise principle that is very
relevant to health care providers is specificity, where the adaptations are specific

Figure 1. Balance between loads applied to bone and bone strength, with the factors affecting these two parameters. Fractures
occur when the load applied to bone exceeds bone strength (modified from [1•]). Reprinted by permission from Springer:
Osteoporosis International [1•]
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to the type of training. Therefore, themost effective way to improve balance is to
apply balance challenges, as is supported by meta-regression analyses of exer-
cise characteristics in clinical trials [10]. Another important principle is overload:
muscle respond to a stimulus that is greater than what it is accustomed to [11].
Physical activity recommendations for individuals with osteoporosis have been
established that highlight the minimum frequency, intensity, and time
(duration) for several types of exercise or physical activity [12••]. Further, the
recommendations outline how to ensure safe performance of exercise, as well as
physical activities of daily living and leisure, including Bspine sparing^ strategies
[13•]. Individuals with vertebral fractures should consult with a physician, and
ideally an exercise physiologist or physical therapist with training related to
osteoporosis (e.g., BoneFit™) before initiating an exercise program [12••]. The
following sections summarize evidence and recommendations for the follow-
ing types of physical activity or exercise: balance and resistance training, aerobic
physical activity, and spine sparing strategies. We present the ideal frequency,
intensity, time, and type based on evidence. It is not expected that all of these
recommendations be implemented at once. Rather, the clinician is encouraged
to prioritize realistic therapeutic goals and exercise next steps in collaboration
with the patient. See case studies for examples (Table 1).

Balance training

There is strong evidence that exercise, particularly exercises that involve a high
challenge to balance, can prevent falls in older adults. A 2017 meta-regression
evaluating the most effective types of exercise for fall prevention reveals that
exercise programs that include at least 3 h a week of exercise, and include
exercises with a high challenge to balance can reduce falls by 39% among
community-dwelling older people, even when trials of higher risk populations
are included [10]. What is a high challenge to balance? It was defined as (a)
moving the center of mass, (b) reducing the base of support, and (c) reducing
upper limb contact with support objects [14]. Accordingly, a meta-analysis of
studies including Tai Chi or combined programs consisting in gait, balance, and
functional training showed a significant reduction of the rate of falls [15]. The
American College of Sport Medicine [16] recommends activities with increas-
ingly difficult postures with gradual reduction of the base of support, e.g., stand
with feet together→ semi-tandem stance→ tandem stance→ standing on one
foot. One can add progressive reduction of sensory inputs (e.g., standing with
eyes closed) or dynamic movements perturbing the center of gravity (e.g.,

Table 1. Definition of the FITT principle components [11]

Frequency Number of times an exercise routine or physical activity is performed per week or per day

Intensity Objectively measured work (oxygen uptake, heart rate, lactate threshold, caloric expenditure, power output, and
percent of maximum strength/endurance) or subjectively reported (personal statement or Borg scale for the
perceived exertion) level of effort performed

Time Amount of time (continuous or intermittent) spent performing exercise or physical activity daily, or per bout

Type The type or mode of exercise or physical activity performed

270 Osteoporosis (A Lau, Section Editor)



tandem walk, lunges or half lunges, circle turns, and heel or toe walking) [16].
Others have recommended three-dimensional movements through all three
spatial planes or dimensions, such as dance or Tai Chi [11], because of their
challenge to stability thus stimulating posturalmuscles involved inmaintaining
body balance [17]. Furthermore, a network meta-analysis revealed that a mul-
tidisciplinary approach involving exercise, vision assessments, environmental
modifications, and adequate nutritionmay reduce injurious falls [18]. Having a
support object nearby, and appropriate footwear is important when starting a
balance training program. Balance training can include reducing the use of
upper limb support on an assistive device or support object. Balance exercises
should be tailored to be sufficient to challenge balance but not too high a
challenge, thus increasing the risk of fall. The balance training recommenda-
tions are summarized in Table 2. Clock Yourself (http://clockyourself.com.au/) is
an easy-to-use app that progresses the user through progressively complex
exercises, training reactive stepping, and thinking on one’s feet (Table 2).

Resistance training

Resistance training can be described as performing muscle contractions against
a resistance, which can include working against gravity or an external resistance
(e.g., free weight), and usually working to muscular fatigue to bring about a
training effect in the muscular system [16]. There are several lines of evidence
that progressive resistance training can increase muscle strength in older adults
[19–21], including a Cochrane meta-analysis [21] (73 trials, n = 3059, stan-
dardized mean difference 0.84; 95%CI, 0.67–1.00). Further, a group exercise
program that included progressive resistance training prevented incident mo-
bility disability among at-risk older adults in a multicenter trial [22] (HR 0.82
[95%CI, 0.69–0.98]) and two meta-analyses revealed positive effects on spine
BMD brought about by high-intensity resistance training [23] or on both spine
and hip BMD after combined training programs [24]. A Cochrane review
reported in subgroup analyses that resistance training or combined resistance
and aerobic training can increase spine (24 trials, n = 1441, standardized mean
difference 0.85; 95%CI, 0.62 to 1.07) and hip (13 trials, n = 863, standardized
mean difference 0.41; 95% CI, − 0.64 to 1.45) BMD compared to a control
group in post-menopausal women aged 45–70 years; interventions ranged in

Table 2. Balance exercise recommendations for fall prevention

Frequency Intensity Time (duration) Type
Daily Challenging enough that it

requires concentration,
but not so challenging
that fall risk is high.

Entire exercise program
(e.g., resistance, aerobic,
and balance) of 9 3 h a
week most effective for
fall prevention

Postures with reduced base of support
(e.g., tandem stance); dynamic
movement patterns perturbing
center of gravity (e.g., heel toe
walking, lunges, and reactive
stepping); reduction of
sensory input (e.g., standing
with eye closed)
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duration, with the majority being 12 months or longer [8••]. Furthermore,
given the small to moderate benefits on lumbar spine and femoral neck BMD
brought about by ground and/or joint reaction force exercises, a meta-analysis
reveals the importance of participation in regular exercise programs for men,
especially those at risk of osteoporosis [25]. Exercise should include load-
bearing activities at moderate to high intensity, target sites at a greater risk of
fracture (such as the hip, wrist, lower back, and femur) and be long-term and
progressive [26]. Indeed, a recent randomized controlled trial revealed positive
effects of high-intensity resistance training on bone strength in post-
menopausal women with low bone mass [27]. Multi-joint exercises (such as
squat, push-up, and pull-up) targeting the major muscle groups should be
prioritized. They can be performed by means of resistance bands, cables, free
weights, or using body weight as resistance. Intensity is usually prescribed as
number of Brepetitions maximum,^ i.e., three repetitions maximum is an
exercise difficulty where you can only perform three repetitions. Moderate
intensity, or 8–12 repetitions maximum is recommended for older adults or
individuals with osteoporosis. However, progression to higher intensity (e.g.,
less than six repetitions maximum) may be appropriate for some individuals,
with supervision by an experienced exercise physiologist with strength and
conditioning and osteoporosis training, with consideration for the potential
risks and benefits. Spine sparing strategies are strongly encouraged [12••] (see
section). The resistance training recommendations are summarized in Table 3.

Aerobic physical activity

The physical activity guidelines for older adults provided by the Canadian
Society for Exercise Physiology, American College of Sports Medicine, and
Centers for Disease Control and Prevention recommend at least 150 min of
moderate to vigorous intensity aerobic physical activity per week, in bouts of
10 min or more [28–30]. Aerobic physical activities, such as cycling or walking,
should be encouraged because they can reduce the risk of cardiovascular dis-
ease, among many other health benefits. Activities that involve weight bearing
may prevent bone loss; however, they may need to be of higher impact to have
an effect on hip BMD [31]. A 2011 meta-analysis reported that, even though
walking and Tai Chi may improve BMD at the spine and wrist, exercise pro-
grams that are higher impact or combine aerobic physical activity with resis-
tance training may be more effective at the hip [8••]. Indeed, although many
healthcare professionals often recommend walking for people living with OP

Table 3. Resistance training recommendations for people with osteoporosis

Frequency Intensity Time
(duration)

Type

Each muscle group
challenged
2–3 days/week

8–12 repetitions
maximum

2–3 sets per exercise
(can increase sets
over time)

Multi-joint resistance training exercises,
targeting major muscle groups, using
weights, machines, elastic bands,
dumbbells, and kettlebells
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[32], more recent physical activity recommendations recommend that aerobic
physical activity should not be performed to the exclusion of resistance and
balance training [12••]. Health care providers should recommend multicom-
ponent (e.g., strength, balance, and aerobic training) because the highest level
of evidence we have related to fracture prevention pertains to the effect of
exercise on falls, and studies of exercise and BMD appear to support multi-
component programs that include resistance and weight-bearing exercise [8••,
10]. In individuals who are high risk for fracture, the risks of high impact
activities may outweigh the benefits. In moderate risk individuals, impact
activities can be progressed at the discretion of an experienced therapist, with
careful consideration of fracture risk factors, current health, and other factors
[13•]. Further, in individuals at high risk of fracture, the risk of vigorous
intensity activities may outweigh the benefits. The aerobic physical activity
recommendations are summarized in Table 4.

Spine sparing strategies for exercise and physical activities of
leisure and daily living

Biomechanical models estimate an increase of 185 and 57% of vertebral com-
pressive force in the lumbar and thoracic spine respectively during changes of
position from standing to 30° flexion [33]. A recent consensus defined Brisky^
activities as those that involve rapid, repetitive, weighted, end-range or sustained
forward flexion, or twisting of the spine; these movements should be modified
when possible, particularly in individuals at high risk of fracture. Further, lifting
from or lowering objects to the floor, should be avoided in those at high risk
[13•]. That said, telling a patient what not to do is a disincentive to physical
activity participation, andmay create fear. Rather, one can prescribe spine sparing
practices; teach a patient a hip hinge for bending activities, and how to Bstep-to-
turn,^ or turn the whole body, rather than twisting the spine. Individuals at low
ormoderate risk of fracture can likely participate inmost activities theywould like
to do if they can practice spine sparing and modify the abovementioned Brisky^
activities. Furthermore, spine load is lower in the supine position than standing,
and higher than both in seated [34], so prolonged sitting should be avoided,
particularly in those with pain due to vertebral fractures. Unsupported upper
extremity resistance training with weights while sitting should be avoided since
slumping forward puts high loads on the spine [35].

Table 4. Aerobic physical activity recommendations for people with osteoporosis

Frequency Intensity Time (duration) Type
Most days of the
week

Moderate to vigorous intensity,
moderate only for high risk.
Moderate and vigorous
correspond to 5–6 and 7–8
on a scale of 0 to 10
respectively [11]

≥ 150 min per week, in bouts
of 10 min or more

Patient’s preference, examples
include walking, dancing,
or cycling. Can also include
leisure activities or household
chores if sufficient intensity,
e.g., heavy gardening and raking
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Spine sparing key points:

Not all bending and twisting is bad. The most risky activities are those that
involve rapid, repetitive, weighted, end-range, or sustained forward flexion
or twisting of the spine.

Instead of telling patients what not to do (disincentive to physical activity),
learn how to teach them a hip hinge movement, so that they can use it as a
strategy for forward bending.

Patients at high risk of fractures may need to get help with all but light
household activities, particularly in the presence of vertebral fractures or
gait and balance difficulties.

Balance loads on both sides of body, e.g., groceries, rather than carrying on one
side only.

Case studies

Case A: Male, 84 years of age, two osteoporotic vertebral fractures, and presents
with history of two falls in the last month.

Because of history of falls, priority is incorporating balance and strength
exercises.

– Balance exercises daily—start with static exercise progression that reduces
base of support, e.g., stand with feet together, reduce use of upper limb
support→ stand in semi-tandem→ stand in tandem→ stand on one
foot. Progressions can also include looking side to side while doing it, or
adding a dynamic component, like tandem walking.

– Resistance exercises two or three times weekly, targeting major muscle
groups, e.g., ten sit-stands, progressing to unassisted or half squats, ten
wall push-ups, progressing to counter push-ups, ten step-ups on each leg,
one leg at a time.

Case B: Female, 62 years of age,moderate risk of fracture, and walks daily for
30 min.

Because she is already getting aerobic physical activity, it is advisable that she
add resistance training twice weekly at an intensity of 8–12 repetitions maximum
(e.g., can do 8–12 repetitions with good form, but cannot do more than 12). To
accomplish two goals at once, for the lower extremity, recommend resistance
training exercises that also challenge balance because they require movement of
the center ofmass, like lunges or step-ups. Exercises that targetmuscles that stabilize
the spine, like planks, side planks, and bird-dog, are also recommended. She may
benefit from a consultation with an exercise professional.

A free one-page guide, booklet, and videos are available here: https://
osteoporosis.ca/health-care-professionals/clinical-practice-guidelines/exercise-
recommendations/.

Nutritional considerations

Initiating exercise when nutrition is inadequate may cause weight loss, or
limit exercise capacity or muscle strength gains. Minerals, such as calcium,
phosphorous, and magnesium; vitamins, such as vitamin D, A, and K; and
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protein are important for bone health [36]. Adequate calcium and vitamin
D, either through food or supplements, is encouraged to maximize effects
of exercise on bone health [37]. Current guidelines for middle-aged and
older adults suggest that adults 19 to 50 years should consume 1000 mg of
calcium daily with 400 to 1000 IU of vitamin D, while people older than
50 years, 1200 mg of calcium daily with 800 to 2000 IU of vitamin D [38].
Recommended calcium doses consider both food and supplemental
sources, but, ideally, the majority comes from food. Proteins optimize
levels of IGF-I, which stimulates bone growth and increases calcium and
phosphorus absorption in the gut and so has an important role in main-
taining bone health [39]. Data from the Framingham Osteoporosis Study
suggested that lower protein intake resulted in more bone loss at the spine
and femur, when compared to higher protein consumption [40]. There are
variations in protein intake and increased level of protein above 0.8 g/kg
of body weight/day is associated with increased BMD [41]. With age, the
anabolic response to protein may decline, and the PROT-AGE Group
recommends 1.0–1.2-g protein/kg body weight per day for older adults,
and more for active individuals [42]—a value higher than the recom-
mended daily allowance (RDA). Some older adults do not even meet the
RDA. Malnutrition and low protein intake have been associated with poor
physical function [43]. Therefore, alongside a recommendation to partici-
pate in exercise should be a discussion about adequate protein and calorie
intake. For further information, please refer to: https://osteoporosis.ca/
bone-health-osteoporosis/nutrition/.

Future directions

There is a need to study the comparative efficacy of exercise interventions
to determine optimal prescription. For example, studies comparing mod-
erate to high intensity resistance training in individuals with low bone
mass would be valuable, as would studies comparing trials with high
impact to resistance training, or examining the value of power training in
preventing bone loss or maintaining physical function. Studies looking at
the effects of exercise on hard outcomes, such as fractures or hospitaliza-
tions, may be useful in convincing funders to subsidize exercise program-
ming. Ultimately, an important barrier is implementation. Studies exam-
ining effective, pragmatic strategies to encourage adoption of physical
activity guidelines and to sustain behavior long-term will aid in translating
research to practice.

Conclusions

Adults with osteoporosis should participate in strength and balance train-
ing, along with moderate to vigorous aerobic physical activity. Activity
restrictions should be avoided where possible, and instead, spine sparing
strategies and fall prevention strategies that support safe participation in
physical activity should be encouraged. Clinicians should ensure patients
are consuming adequate calcium, vitamin D, and protein. While it may
not be realistic to prescribe the recommended frequency, intensity, time,
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and type for each exercise domain all at once, an astute clinician can
explore a patient’s goals and impairments, and work with the patient to
come up with a realistic plan to get started.
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