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Abstract

Purpose: The aim was to develop consensus on sgestommendations for individuals: 1)
with osteoporosis; and 2) with osteoporotic verébacture(s).

Methods: The Grading of Recommendations AssessiBentlopment and Evaluation
(GRADE) method was used to evaluate the qualigvadence and develop recommendations.
Outcomes important for decision-making were nonaddiy an expert panel and patient
advocates and included falls, fractures, BMD anceesk events for individuals with
osteoporosis/vertebral fractures, and pain, quafitife and function for those with vertebral
fracture. Meta-analyses evaluating the effectxef@se on the outcomes were reviewed.
Observational studies or clinical trials were rexael when meta-analyses were not available.
Quality ratings were generated, and informed tkemenendations.

Results: The outcome for which evidence is stronigdslls. Point estimates of the effects of
exercise on falls, fractures and BMD vary accordmgxercise type. There is not enough
evidence to quantify the risks of exercise in thwgl osteoporosis or vertebral fracture. Few
trials of exercise exist in those with vertebralchure. The exercise recommendations for
exercise in individuals with osteoporosis or osteofic vertebral fracture are conditional. The
panel strongly recommends a multicomponent exepeizgram including resistance and balance
training for individuals with osteoporosis or ogteootic vertebral fracture. The panel
recommends that individuals with osteoporosis oteleal fracture do not engage in aerobic
training to the exclusion of resistance or balamaming.

Conclusions: The preliminary consensus of our im@Bonal panel is that exercise is
recommended for individuals with osteoporosis atelwal fracture, but our recommendations
are conditional.



Osteoporosis-related fragility fractures are aisiggnt source of morbidity and mortality.
Vertebral and hip fractures are a common conseguehasteoporosis, and can result in pain,
depression, functional impairment and increasedatityr[1]. One woman in five who have a
vertebral fracture will suffer from another vertabiracture within a year, and the risk of death is
2.7 times higher than those with no fracture (agdgiiazard ratio 2.7, 95% confidence interval
1.1-6.6) [2;3]. Individuals who are identified agh risk of fracture, such as those with a
prevalent vertebral fracture, or with risk facttrat place them in the high risk category of
available risk assessment tools, represent gravgvshould be targeted for preventative
therapies.

A number of pharmacological therapies are avail#idé have been shown to reduce
fracture risk in individuals with osteoporosis, aré recommended for individuals at risk, along
with ensuring calcium and vitamin D sufficiency.tidaal (e.g., Osteoporosis Canada, National
Osteoporosis Foundation, Osteoporosis Australid)iatiernational (International Osteoporosis
Foundation, IOF) organizations emphasize the ingpae of physical activity or exercise for the
prevention of bone loss, falls and fractures. Riafsactivity refers to “...any bodily movement
produced by skeletal muscles that results in enexggnditure” whereas exercise is defined as
“...physical activity that is planned, structuredpeétive and purposive in the sense that
improvement or maintenance of one or more companahysical fithess is an objective” [4].
Older adults at high risk of fracture pose spedafiallenges when it comes to prescribing
exercise. Specific questions include: How can welganodify exercise when mobility or
posture is altered; and will exercise increaseisieof falls, or fractures? Clinical practice
guidelines for the management of osteoporosis atedor exercise [5], but their scope in
informing exercise prescription is limited, espélgias they do not differentiate between risk
groups (e.g., with versus without vertebral fraef)r There have been several recent meta-
analyses addressing the impact of exercise on m#soelated to fracture risk [6-10]. There are
structured methods for establishing consensusyatmag evidence and making
recommendations, so there is a need to translatentievidence into exercise recommendations
that can inform practice.

The Grading of Recommendation Assessment, Developamel Evaluation (GRADE)

approach, is a structured, transparent approactviduating the quality of existing evidence



around a clinical question and developing recomragods. The GRADE approach is used or

endorsed by the World Health Organization and tbeh€ane Collaboration

(http://www.gradeworkinggroup.org/society/index.htihl]. One of the benefits of the GRADE
process is that it considers both the benefitspartential harm when making recommendations.
We established an international expert panel tdhess&RADE process to evaluate the quality of
existing evidence and generate recommendatiorextrcise prescription for two target groups:
1) individuals with a diagnosis of osteoporosis boifracture history; and 2) individuals with a
history of vertebral fracture.

METHODS:

Forming the expert panel

We convened an expert panel of researchers andiahs from Australia, Canada, Finland and
the United States, as well as partners from OstespoCanada (Appendix A). Criteria used to
select panel members were previous experienceguitieline development, prior experience in
conducting clinical trials of exercise in individsavith osteoporosis or vertebral fracture, or
having clinical or anatomy/biomechanics experteated to exercise prescription in the target
groups. Members of the expert panel included eiggeint physical therapy, geriatrics,

endocrinology, internal medicine, gerontology, bemianics and kinesiology.

Deciding on outcomes and formulating the research questions

Prior to the first meeting, panel members werefigatithat they were to identify important
clinical questions around the efficacy of exerérsthe management of osteoporosis, and were to
make decisions about scope of the recommendanansely the population(s), intervention(s),
comparator(s) and outcomes of interest (PICO format

During the first teleconference the panel estabtisits purposes to: a) evaluate the
effects of exercise, when compared to no intereentdn outcomes critical for decision making;
and b) develop exercise recommendations for indalglover the age of 65 years with
osteoporosis, with or without vertebral fractureefle was interest in developing
recommendations for those with a history of higtuse, or those with low or moderate risk of

fracture, but these additions were considered toada scope. Further, it was noted that most



exercise literature to date has defined osteopotEsed on bone density definitions outlined by

the World Health Organization, rather than on dategories (e.g., high, moderate or low risk).

Each panel member was asked to nominate outcom#nsdbsirable and undesirable, that were
important to patients, or important for decisionking, and a list of potential outcomes was
generated during the first teleconference. Panehinees were asked to independently vote on all
of the outcomes for each patient group, using aiftp.ikert scale (0 = “low importance”, 5 =
“important, but not critical for decision-makinghd 9 = “critical for decision-making”).
Responses were compiled by a non-panel membeoutdbmes with an average score of 8 or
higher were included as a separate research gudstithe review. The Likert scale identified
scores of 7-9 as those deemed critical for decisiaking, but scores below 5 were infrequently

used, so a cutoff of 8 was chosen to ensure cons@msund the most important outcomes.

Four patient advocates (including one male) werainated from the Canadian
Osteoporosis Patient Network to provide input ottomnes important to patients. Based on input
from the patient advocates, three additional qaestabout bone mineral density and function
(activities of daily living [ADL] and mobility) wee also included. Panel members were notified
of the results, and had the opportunity to reqfiesther discussion prior to finalizing the

research questions (Table 1).
Evidence retrieval, assessment and synthesis

As several reviews and meta-analyses were avajlsdaee of which included studies that
focused on our two target groups, these were ttiesfof this analysis. For most of the outcomes
of interest one or more recent (2011 -2013) systiemaviews from the Cochrane Collaboration
or other peer-reviewed journals were availablerawtewed. To address the question about the
effect of exercise on pre-specified outcomes fdivitluals with osteoporosis, recent meta-
analyses were identified [6-9;12]. Because suffittiepowered randomized controlled trials had
not been conducted, a 2008 meta-analysis of obsamahstudies, and more recent
observational studies examining the relationshigvben fractures and exercise were identified
(13-18) [19-25] via literature search of OVID, EMBE and CINAHL, performed by a librarian
using search terms related to exercise, physitaitgcand fractures. To address the question
about the effect of exercise on pre-specified aues for individuals with a history of vertebral

fracture, a Cochrane Collaboration systematic wevieat synthesized all randomized controlled



trials of exercise in individuals with osteoporotiertebral fractures was used [10]. An additional
meta-analysis was reviewed for the ADL outcome [28] address the question about the risk of
adverse events, we reviewed the adverse eventdedpo two meta-analyses of exercise
interventions [6;10] and one systematic review alaolverse event reporting in resistance
training trials in older adults [27]. Searchesdaicles published after the included meta-

analyses were not performed unless explicitly dtatsove.

Four panel members were assigned to each reseagstian and assessed the quality of
evidence for each outcome independently usingtiteria proposed by the GRADE Working
Group [28]. Panel members were given instructianthe GRADE process adapted from the

GRADE toolbox (http://www.gradeworkinggroup.org/tbox/index.htn) [11;29]. Each panel

member assigned a rating (High, Moderate, Low, en\M_ow) that pertained to the quality of
evidence available to answer each of their assignedtions for the patient group of interest.

The quality ratings were assigned as follows, itoadance with the GRADE process:

High quality— Further research is very unlikelycttange our confidence in the estimate of

effect

Moderate quality— Further research is likely to éawn important impact on our confidence in

the estimate of effect and may change the estimate

Low quality— Further research is very likely to leaan important impact on our confidence in

the estimate of effect and is likely to changedbkmate
Very low quality— Any estimate of effect is veryeertain

The panel members were asked to consider how tingsahey generated would inform a
recommendation (strong or conditional or no recomuhagon) for or against exercise in the
context of their assigned questions. The panelmamred at a consensus meeting. For each
research question, the assigned panel membersibier quality ratings and rationale, and
there was a discussion among the entire group.n8artsus was established by the entire panel
for the quality rating and the rationale for than@ for each question, and for preliminary
exercise recommendations for each of the two pagierups. We did not pool data to generate
relative or absolute effects, but we used tablesitomarize the effects, quality ratings and

associated rationales.



Formulation of the recommendations

The quality ratings, recommendations and assocatetbnce summaries were
independently reviewed by the working group, caesiswith the approach recommended by
the GRADE Working Group [11;29]. The panel met tecdss the draft and finalize the ratings
and generate recommendations (strong or conditmmab recommendation) for or against
exercise for each patient group, and an assodiatishale. The strength of the
recommendations (strong or conditional or no recemstation) and the direction (for or against)
took into consideration the quality of the avai@blidence, the balance between the benefits
and risks associated with exercise, and the pajienips’ values and preferences (e.g., would
most individuals with vertebral fracture want tatpapate in exercise as part of chronic disease
management?) [11;29]. We were unable to asses®ffestiveness as there were no studies that
guantify the cost versus benefit of exercise intauget groups. The costs of exercise
prescription are often incurred by the patienteathan the health care system, so the costs of
care were considered to factor into the patientigsovalues and preferences. Strong
recommendations were worded as “We strongly recammg and conditional
recommendations were worded as “We recommend...” anthconditions placed specified.

Sakeholder input

The report was circulated to the following stakeleolgroups for input on its utility and clarity:
the Osteoporosis Canada Clinical Practice Guidelopenmittee, representatives from the
Canadian Osteoporosis Patient Network, the Nati@séoporosis Foundation exercise and
rehabilitation advisory council, the Internatiosdteoporosis Foundation, the Finnish

Osteoporosis Association, Osteoporosis Austrafid,the Canadian Physiotherapy Association.

RESULTS:

The quality of evidence evaluating the effect aéreise on most of the outcomes of interest for
each target group was LOW or VERY LOW, with theeptmon of the falls outcome (Table 2).
The evidence summaries are outlined with the quediings, and Table 3 contains a summary of
the meta-analyses reviewed and the reported effBieesfinal recommendations are listed in
Table 4.

Falls



Two meta-analyses provide strong evidence thateseecan reduce falls in older adults. The
effect varies depending on the type and frequehexercise [7;8]. The ProFANE taxonomy is
a naming and classification system aimed at staimlag elements of falls prevention

interventions Kttp://www.profane.eu.org/taxonomy.html). Home-based or group-based exercise

programs that emphasize balance training and a&hmterall dose of exercise, or include
exercises from more than one category in the Pr&RaXonomy (i.e., gait/balance/functional
training, strength/resistance training, flexibijitiree-dimensional training like Tai Chi, general
physical activity, endurance training or other) &vable to significantly reduce falls [7;8]. Both
reviews suggested that walking or resistance tiginione may not have a significant effect on
falls [7;8].

The consensus of the panel was that the obserfettbf exercise on falls in older adults
would be similar in individuals with osteoporosss, the panel rated the quality of evidence as
HIGH. However, it was noted that hyperkyphotic post(excessive kyphotic curvature of the
thoracic spine) may modify fall risk or the eff@ttexercise on fall risk. The indirectness of the
evidence was identified to be more of a concernnndplying the findings to individuals with a
history of vertebral fracture, where impaired gaitl balance and hyperkyphotic posture may be
more prevalent [30-33]. However, a single subgranglysis suggested that the effect of
exercise on falls in individuals at high risk wa different than in those at low risk [7].
Therefore, the quality of evidence around the é$fe€ exercise on fall risk was downgraded to
MODERATE for individuals with vertebral fracture gble 2).

Fractures

No randomized trials of exercise completed to tatee been powered to investigate fracture
(hip, vertebral, or non-vertebral) as a primarycoate. One 12-year study identified fracture as a
primary outcome but participants self-selectedxirese or control groups; the risk ratio for
fracture risk reduction was 0.32 [95% CI, 0.08 1@5] and was not statistically significant [15].
Both randomized trials and observational studie® maported that physical activity or exercise
may reduce fracture risk, but there are importacomsistencies in the size and direction of the
effect, and there is a high risk of bias amongist@lrable 3). Two meta-analyses of
randomized controlled trials of exercise in oldeéulés report an estimate of effect on incident
fractures [6;7], but the reported effects shouldieeved with caution given the inclusion of



largely underpowered studies where the primaryaut&was not fracture (Table 3). One was a
meta-analysis of exercise interventions aimeddaucimg falls in older adults, which reported a
significant reduction of fractures (RR 0.36 [95%0C19 to 0.70]; 719 participants, 5 trials),
however it was fractures reported as adverse evettiteer than as a study outcome that were
pooled, and the study designs were diverse (eng.was a 6-week trial of PT in individuals with
Parkinson’s disease, another was a multifacetedviantion). The other meta-analysis examined
whether exercise could improve bone density inpestopausal women, and reported no
significant effect of exercise on fractures, witldg/confidence intervals (odds ratio, OR 0.61,
[95% CI 0.23 to 1.64]; four studies and 539 papteits). Three of the trials excluded women on
osteoporosis medication and one trial startedaatigpants on 5 mg of alendronate.

A meta-analysis of prospective observational saidéported that participation in
physical activity was associated with reduced hagtlire risk; the fracture risk reduction
attributable to physical activity participationnmen and women was 45% [95% CI, 31-56%] and
38% [95% Cl, 31-44%], respectively [19]. Subsequebgervational studies have confirmed that
physical activity participation is associated watheduced risk of hip fracture [20-
22;24,25;34;35] or osteoporosis-related fractug3.[However, a few recent observational
studies suggest that the effect of exercise maywdh exercise type, fracture type or season,
and that in some cases the risk of fracture mapdreased with increased physical activity
participation [16;18;36;37]. The risk of self-reps fractures has been reported to be increased
among women who participated in at least 3 howtdgaatio (OR) 1.51 [95% CI 1.01-2.24]) or
6 bouts of walking weekly (OR 1.56 [95% CI 1.07-73,2and was also increased in men who
walked more than 3 hours per week (OR 2.30 [95%.08-4.97]) when compared with men
who reported no walking. The effects were spetdiwalking; the time spent in physical
activity in general was not associated with seffer¢ed fractures.

The finding that higher physical activity may netluce the risk of fractures other than
hip fractures [20;22], or may be associated witlingreased risk of wrist fractures has been
reported in several studies [13;36]. Rikkonen ¢RalL0) reported that being in the highest
quintile of physical activity participation was asgted with an increased risk of wrist fractures,
hazard ratio 1.4 [95% CI 1.14-1.69], happening nodten in winter. A recent analysis of data
from the Women’s Health Initiative suggests thanpared to those participating in no physical

activity, the increased risk of wrist fracture nitable to participating in the highest levels of



physical activity (>17.5 MET-hours/week) is mod@sR=1.10, 95% CI. 0.96, 1.27). Further,
there was a negative association between high qddyesttivity participation and hip fractures
(HR=0.63, 95% CI: 0.48, 0.81), clinical vertebiralctures (HR=0.80, 95% CI 0.66, 0.98) and
total fractures (HR=0.95, 95% CI: 0.89, 1.02) [1&]contrast, a population-based case-control
study suggested that active commuting reduceddkef wrist fracture, but leisure walking did
not [37]. Notably, adjusting for confounding varied has been shown to weaken or eliminate
any observed associations between physical acteal and fracture incidence in observational
trials [13;14].

Although osteoporotic fractures can often occua assult of a fall, vertebral fractures can occur
during other events or movements, and thereforeities that increase or decrease fall risk may
not have the same effect on the incidence of vatéfactures as it would on the incidence of
other fracture types in individuals with osteopasper with a history of osteoporotic vertebral
fracture. In individuals with vertebral fracturdéisere have been reports of fractures during
exercise (e.g., when rolling from supine to prarewhen weights were dropped on foot) but the
between-group differences in risk were not examiB8&fl Because of the sparse data,
inconsistency in the reported size and directioaftefict and high risk of bias, the panel put
forward a VERY LOW quality rating for the fractureatcome for both target groups, and
suggested that both the risks and benefits of eseebe considered in the recommendations.

Bone mineral density (BMD)

A meta-analysis evaluating exercise in postmenagdavwsmen provides evidence of a modest
between-group difference in favour of the effedtexercise on BMD at the lumbar spine and
trochanter, but no significant differences at thtalthip or femoral neck, suggesting
inconsistency in the effect [6]. Subgroup analyales revealed that the effects varied depending
on the type of exercise. In general, it was suggettat the effects of exercise at the total hip
and trochanter were slightly larger for dynamicjgié-bearing high force exercise, but that this
type of exercise did not improve spine BMD. Multigponent exercise programs had a
significant effect on BMD at the trochanter andketfemur, such that the between-group
difference at the spine in favour of exercise wasatgr than 3%. Although small between-group
differences in favour of exercise have been obskme clinical significance of the changes

10



with respect to fracture prevention is unclearwsdl, the evidence to date is indirect, as only
two of the included trials studied women with ogpt@msis exclusively. The evidence provided
by those trials would not be sufficient to upgrélde quality rating as they only assessed effects
at the lumbar spine, and there were other sourdeisi® (e.g., co-intervention with osteoporosis

medication, low power, unclear risk on other itefi3®);40].

A meta-analysis of the results of three trialsdalamales (aged 41-79 years) suggested a
medium effect of exercise (Effect sizez 0.53 95% CI [0.031, 1.153], p=0.04) on BMD & th
femoral neck, and the effect of exercise on BMEhatlumbar spine was not significagt<
0.190 [-0.036, 0.416], p=0.10). There was no dtesiy significant effect of exercise on BMD
at the total hip. The studies did not include malh osteoporosis, were heterogeneous in their
observed effect of exercise at the femoral nect,tha data related to our research questions
were sparse. A subsequent randomized controllgdofriunilateral training 7 days a week
(where non-trained leg was used as the contra@jlirt males reported a significant effect of
exercise on femoral neck BMD, but no statisticallynificant effect on lumbar spine BMD or
total hip, which is consistent with the resultdlté meta-analysis [41]. There has been only one
trial examining the effects of exercise on BMD inmen with vertebral fractures; no significant
between-group difference was reported, but there weurces of bias (e.g., subgroup analysis
from larger trial, co-intervention with osteopommsnedication, high or unclear risk on other
items) that may have affected the ability to detecexercise effect [42]. The panel rated the
overall quality of evidence supporting a positifieet of exercise on BMD as LOW for
individuals with osteoporosis and VERY LOW for iadiuals with vertebral fractures.

Harms

Adverse event reporting in exercise trials is scioje a high probability of reporting bias [43].
Data are sparse regarding adverse events in tlevay literature. Rarely do randomized
controlled trials report if and how adverse eveatadvere collected in the methodology section,
and they are reported inconsistently or under-tegoiCommonly reported adverse events in
exercise trials include muscle soreness/straint jmin, cardiovascular reactions, and falls
[6;10;43]. Although our review of current evideramncluded that the risks of exercise do not
outweigh the benefits, there is evidence from lodtbervational trials and randomized controlled

trials that exercise may increase the risk of treet under certain conditions, such as walking
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during slippery weather, or performing twisting neavents too quickly during transitions
between positions [18;36;38]. The panel assigneaating of VERY LOW to the quality of
evidence around harms associated with exercisenated the importance of considering both
the risks and benefits when making recommendatmmisdividuals at risk of fractures.

Pain

In individuals with vertebral fractures, there artew reports of reduced pain after short-term
(10-weeks) exercise programs, but no effect redatter longer-term (24 week) exercise,
suggesting imprecision in the estimate [38;44-#6F data are sparse, and the risk of bias in
some cases is a concern. There were only fous thalt examined this question, and one was a
study of a multicomponent physical therapy inteti@nthat included exercise. Not all studies
examined individuals with significant pain at basel The quality rating around the evidence for

exercise effects on pain was VERY LOW.
Quiality of Life

There were three trials that reported the effetexercise in individuals with vertebral fracture
on health-related quality of life using generiaddsease-specific scales. The effects were not
consistent across subscale areas, although anwpasffects were more likely to be observed in
longer-term, rather than short-term follow-up. Timsonsistency coupled with the sparse data
and the risk of bias associated with lack of bimgof participants completing the self-report
guestionnaire, as well as other sources of biagteskin a quality rating of VERY LOW for this

body of evidence.
Mobility

There were only four trials that examined the a@fexd exercise on mobility. Pooled analyses of
two trials [46;47] revealed a small but significdatween groups difference in favour of
exercise for Timed Up and Go test performance.tNete findings should be viewed with
caution given that two other trials not includedhe pooled analysis did not find significant
between-group differences, suggesting inconsistantlye reported effects [44;48]. Walking
speed was reported in one trial; there was a dsnakignificant effect in favour of exercise [47].
The significant effects of exercise on mobility carnes are promising, but the magnitude of the

12



effects were small and the clinical significanced®to be confirmed (between-group
differences ~1 second for Timed Up and Go and ~@rekcfor walking speed over 20 metres).
Further, there was substantial variability in guyadicross all studies. Despite the inconsistency,
risk of bias and sparse data, small positive effe@re observed in more than one trial, so the

panel upgraded the quality rating to LOW.
Activities of Daily Living (ADL)

Our assessment of the effects of exercise on ADlisdividuals with vertebral fractures was
limited to three trials that examined this outcanmdirectly via activity restriction or ADL
subscales of a quality of life measure, which wasl&report measure (risk of bias due to lack
of participant blinding). There was inconsistentyhe reported effect. The sparse data, risk of
bias and inconsistency resulted in a VERY LOW duahting. We reviewed a meta-analysis of
the effects of exercise on ADL performance in fodiler adults [26], but the poor quality of

available evidence did not warrant upgrading thaiurating.

Recommendations

Exercise is a very broad term; the evidence reviemeluded walking, Tai Chi, resistance
training, dance, jogging, gymnastics, balance eges¢c and multicomponent programs in the
category of exercise. The expert panel concludatistnong recommendations could not be
made for exercise in general and that conditionstrbe placed on any exercise
recommendations made for individuals with osteogisror osteoporotic vertebral fractures. The

main recommendations that arose from the consgmsuasss are (Table 4):
For individualswith osteoporosis.

1) We strongly recommend that individuals with osteogs engage in a multicomponent
exercise program that includes resistance traimmmgpmbination with balance training.
2) We recommend that individuals with osteoporosisidbengage in aerobic training to

the exclusion of resistance or balance training.

For individuals with osteoporotic vertebral fracture:

13



3) Consultation with a physical therapist is suggesteghsure safe and appropriate
exercise. We strongly recommend that individuakh wsteoporotic vertebral fracture
engage in a multicomponent exercise program tltéides resistance training in
combination with balance training.

4) We recommend that individuals with osteoporotideferal fracture do not engage in

aerobic training to the exclusion of resistancealance training.

The potential risk of falls or fractures during eise should be considered in the design and
execution of exercise programs in the target groimasviduals at high risk of fracture should
consider consulting a physical therapist with eiperin osteoporosis prior to initiating a new
exercise program, and all individuals with osteog® should learn how to move safely or take
precautions when performing twisting or bendingmlyitransitions between movements, when
working with loads, when performing movements tfallenge balance or when performing
activities outdoors in slippery weather. In devahgpthe more detailed recommendations related
to specific exercise domains below, we also comsitiéhe physical activity guidelines for older
adults put forward by the Canadian Society for Eiser Physiology (CSEP)
(http://www.csep.ca/english/view.asp?x=58he Centers for Disease Control (CDC)

(http://www.cdc.gov/physicalactivity/everyone/guiides/olderadults.htmland the American
College of Sports Medicine (ACSM) (http://journalsy.com/acsm-
msse/Fulltext/2009/07000/Exercise_and_Physical vitgtifor Older Adults.20.aspxso as
not to negate the benefits of physical activitydtrer health domains, and also to maintain

consistency with national guidelines when apprdpria do so. For individuals with
osteoporosis who are sedentary, have comorbid tonslithat affect activity participation, or
have high fracture risk, consultation with a phgsitierapist is recommended when starting a

new exercise program.
Resistance Training

The panel strongly recommends that individuals wgteoporosis or osteoporotic vertebral
fractures participate in a multicomponent exerpisEyram that includes progressive resistance
training program for all major muscle groups, aimum of twice weekly. Resistance training
has been defined in the ProFaNE Taxonomy

(http://www.profane.eu.org/documents/Falls_Taxonquf).as: “contracting the muscles
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against a resistance to ‘overload’ and bring albawaining effect in the muscular system. The
resistance is an external force, which can be aneisbody placed in an unusual relationship to
gravity (e.g. trunk extension in prone lying) orexternal resistance (e.g. free weight).” The
intensity and type of exercise should be tailoretbterance and ability, especially in the
presence of pain. Two sets of at least one exei@issach major muscle group should be
performed, at a target intensity of 8-12 repetgiomaximum for those that can tolerate it,
recognizing that some individuals, such as those avk previously sedentary or unfamiliar with
resistance training, should begin training at adomtensity. Resistance training exercises can
include those that use resistance bands or cdl#esyeights, or body weight to provide
resistance. Resistance training machines oftamneetprward bending and twisting to perform
the exercise or to adjust the equipment and torenmoeper positioning. Resistance training
machines should be avoided in individuals at higk of vertebral fracture unless there is
certainty that it can be used and adjusted witpg@rdéorm. Instruction on proper handling of
equipment and transitions between movements isritaupiofor individuals at risk of fracture. A
few fractures in individuals with vertebral fractunave occurred when weights were dropped or
when turning from supine to prone [38]. Slow, colted movements are recommended. The
panel highlighted the importance of including styterening exercises targeting muscles
important for posture, and that individuals withemporosis or vertebral fracture are educated
about proper posture during exercise and everyadayities. There is growing evidence that
hyperkyphotic posture is associated with balangeirment and other adverse outcomes [30-
33]. There is some weak evidence that exerciséncprove posture in individuals with
osteoporosis or hyperkyphosis [44;47;49-53]. Exserto increase strength in functional
movements, such as stair climbing and squats-to-sitand, are also suggested. Previous work
suggests that women with low bone mass are aladhere to resistance and agility training
[54].

Balance Training

The panel strongly recommends that individuals witeoporosis or osteoporotic vertebral
fracture participate in daily balance training astf a multicomponent exercise program, and
aim to accumulate two hours of balance trainingklye€-15-20 minutes per day), where daily
training can be performed all at once, in shorttbdlroughout the day, or incorporated into

daily activities. Indeed, a recent study demonstréihat teaching lifestyle-integrated exercise
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(where people learn to incorporate activities @resses into their daily activities, e.g., tandem
stance while washing dishes) may work as well stsuetured exercise program [55]. Balance
training is defined as “...the efficient transferbafdyweight from one part of the body to another
or challenges specific aspects of the balancemgsfe.g., vestibular systems)” and balance
retraining is defined as “... from the re-educatiémasic functional movement patterns to a
wide variety of dynamic activities that target msmphisticated aspects of balance.” Exercises
should be chosen that provide a sufficient chaketogbalance, by reducing the person’s base of
support or amount of sensory input, perturbingrtbentre of mass or challenging muscles
important for posture or balance, and may neectmdhividually tailored [56]. Examples of
exercises included in clinical trials that haveared a significant reduction in falls are listed i
Table 5. Three-dimensional exercises are defilyetidd ProFaNE taxonomy as “involves
constant movement in a controlled, fluid, repedéitway through all 3 spatial planes or
dimensions”, and include Tai Chi or dance. Threaatisional exercises could be incorporated
as part of balance training because they requirght#ransfer, upright posture, and dynamic
balance. Another strategy may be to incorporaggases that challenge both strength and
balance, such as squats, lunges, or calf raiseseThust be a progressive increase in the
balance challenge or intensity of exercise oveetiRrecautions should be put in place to
prevent accidental falls (e.g., the use of suppbjects, having support objects like a sink or
corner wall nearby, performing the exercises iraamith soft flooring, wearing flat-soled shoes
that increase the traction between the foot andrgip

Aerobic Training

Physical activity guidelines from CSEP, CDC and A&idclude recommendations around
aerobic exercise because of the benefits of aem@rcise for multiple health domains. The
panel proposed conditional recommendations agpinescribing aerobic exercise to the
exclusion of resistance training and balance tnginit is not uncommon for health care
providers to recommend that walking is the bese typexercise for individuals with
osteoporosis, and to neglect other types of exareibich arguably may be of equal or greater
benefit [57]. Therefore, for individuals with ospayosis or osteoporotic vertebral fractures,
aerobic exercise alone may not be sufficient firdiafracture prevention; health care providers
should emphasize the importance of resistanceangoombined with balance training for

individuals with osteoporosis or osteoporotic vierée fractures.
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To achieve health benefits across multiple headthains, in addition to bone health, aerobic
exercise can be combined with resistance and bakaaining. Individuals with osteoporosis or
vertebral fractures can aim to achieve the recontle@mtensity, frequency and duration of
aerobic exercise set out by the CDC, the ACSM a8 (150-300 minutes per week of
moderate intensity aerobic physical activaty75-150 minutes per week of vigorous intensity
aerobic physical activity), in bouts of 10 minutegsnore. The ACSM and CDC use a 0-10 scale
to define intensity, where 0 = sitting and 10 = kiog as hard as you can; moderate is 5-6, and
vigorous is 7-8. Previously sedentary individualshmse with low endurance or aerobic
capacity, fractures or comorbid conditions thag¢eiffactivity participation may not be able to
achieve the recommended frequency, intensity cataur, and may need to start at much lower
levels. Shorter activity bouts or lower intensitay be more appropriate in individuals with
fractures or other limitations. The panel recomnseth@t weight-bearing aerobic exercise be
emphasized over non-weight bearing exercise, beaafuss potential impact on BMD.
Exercises that included dynamic, weight-bearindn iagce exercise, such as jumping or
running, were more likely to have an effect on BMD, but for individuals at high risk of
vertebral fracture, the risks associated with tleescise types, or vigorous exercise in general,
may outweigh the benefits. Dynamic, weight-beatowg force exercise, such as Tai Chi or
walking, may have a modest effect on spine BMD If&jwever, patient or client values and
preferences should be considered, and if therg@isfarence for non-weight bearing exercise
such as swimming, it does not need to be discodragéher the client or patient should be
counseled on how to add resistance and balancénigao their regime. Finally, for individuals
at risk of fracture, performing aerobic exercisésale in rainy or icy weather, or on slippery
surfaces should be discouraged, because of thet@t®r increased fall and fracture risk
[18;36]. Instead, developing a plan for engagmegxercise indoors when outdoor conditions
pose a high fall risk should be encouraged. Thdt fae risk factors for indoor falls and outdoor
falls may be different; some data suggests thatyrfedls occur in the home in frail, inactive
older people, whereas highly active people may beertikely to fall outdoors [58]. Ultimately,
the safety of the exercise prescription and thérenment in which it is performed must be

considered in individuals at risk of falls and fraes.
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Summary of Rationale for Recommendations. The available evidence suggests that
multicomponent exercise programs that combine reusteéngthening and balance training can
reduce falls. Multicomponent exercise programs alag have the most potential for improving
BMD, although it is unclear if any effects on BMiBeabserved in individuals with established
osteoporosis or vertebral fractures. The strongmesendations for multicomponent exercise
and the conditional recommendations against empihgsaerobic exercise to the exclusion of
resistance and balance training arose because sfréngth of the evidence regarding the effects
of exercise on fall risk and the fact that manyividals would want the intervention (e.g., when
values and preferences were considered). Theagne gvidence that a home-based exercise
program aimed at reducing falls is cost-effectivéndividuals at high risk of falls [59;60]. The
frequency and intensity were informed by the pitgdresearch and by recommendations put
forward by the CDC, CSEP and ACSM. Exercises sttermgng muscles important for posture
(e.g., improving back extensor muscle enduraneejvare included in all of the published
research studies of exercise in women with vertdtaeture. Because there is increasing
evidence that hyperkyphosis is associated witmareased risk of falls, and may increase the
risk of vertebral fractures, the panel noted thpantance of posture exercises/education for the
two target groups. Our recommendations also ideatiéas where caution is needed to reduce
harms associated with exercise, based on currétgree. Table 6 is a quick reference summary
of our recommendations, with details around fregyeand intensity informed by national
physical activity guidelines from the CDC, CSEP &GSM.

Recommendations for Future Research

During the process of reviewing the evidence, theebidentified key research gaps and

limitations and generated recommendations for &tasearch.

Recommendation 1: Systematic evaluation of harms

Future studies need to systematically collect apdnt adverse events as a study outcome, and
clearly identify any adverse events that are diygeiated to the intervention. Trials should have
a Data Safety Monitoring Board or Committee to eewadverse events. Adverse events are not
always reported, and when they are it is uncletiray were systematically assessed throughout

the trial or if they were reported inconsistenflyial investigators should outline the protocol
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used to collect information about adverse eventkartrial methodology. Understanding what

events led to an adverse outcome may inform fugsearch or practice.

Recommendation 2: Assess outcomes that will infoost-effectiveness analyses

To inform policy, it is important to understand st of implementing an intervention relative
to the benefits observed. The cost of implemerdimgntervention may also assist other
investigators or community-based organizationsmfanto develop similar interventions.
Although it is possible to estimate cost-benefit®a trial is complete using indirect sources of
information, it would be more compelling and vaiidembed measures of health utilities and
resource use into the design of the trial.

Recommendation 3: Clinical trials in individualshadh risk of vertebral or other fractures

Our review of the evidence revealed that very fémiaal trials of exercise have been conducted
in individuals with osteoporosis or osteoporotictgbral fractures. The effects of exercise on
patient-important outcomes (e.g., adverse evestis, fractures, BMD, ADL performance,
quality of life) may be different in these groupsmany cases it is only when the presence of
chronic disease, namely osteoporosis, is identifleat the patient’s need for information about
how to incorporate chronic disease managemenegtest such as exercise becomes apparent.
Our patient advocates and clinicians have repdhadguestions about safe and effective
exercise rank among the most frequent questioredask patients. However, the available

evidence to inform exercise prescription in induads at high risk of fracture is limited.

Recommendation 4: Good clinical trial design amgbréng

To inform practice, the details around the freqyemndensity, duration and type of exercise are
needed. Further, attention to clinical trial desigrgy., how missing data is handled,
randomization procedures, blinding) can reduce. lit@searchers and clinicians designing or
interpreting clinical research should refer to @@nsolidated Standards of Reporting Trials

(CONSORT) Statement, and its extensions (http://wsewsort-statement.org/consort-

statemen)/ One of the extensions is specific to non-phaoiaggical interventions.

Recommendation 5: Consider multiple disciplinesluding basic science, psychology,

implementation science, and observational datherdesign of clinical trials
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It was of interest to the panel that basic sciesuggests that shorter, more frequent bouts of
exercise may be more osteogenic, yet interventiooBnical trials often implement thrice-
weekly bouts of exercise of longer (e.g., 60 misutkuration [61]. Similarly, unusual movement
patterns or high impact loads have been proposedtasgenic in basic science experiments, yet
there is a fear that these movements may incréasesk of falls or fractures in high risk
individuals, or not be feasible in older adultsdnese of the high prevalence of osteoarthritis.
Progressively increasing impact exercise may lexdble in older adults with osteoarthritis and
does not contribute to disease progression [62}ida to implementation of basic science
evidence in clinical trials with vulnerable popudeis need to be identified. Finally, it was
evident that a key gap in trials of older adultthis ability to maintain long-term sustainability o
and adherence to exercise interventions. Long-tgtherence to exercise interventions is often
low, particularly when exercise is unsuperviseduFaitrials may consider designing
interventions that include both exercise presaipand behavioural interventions. Thorough
review of basic science, observational trials, stevant research in other disciplines, in
addition to existing clinical trials, should be dge identify important gaps and inform the

design of future interventions.

Next Stepsfor Too Fit To Fracture

In consultations with patients, clinicians and atha@y groups, it was clear that there were a
number of questions around exercise that were itapbto patients for which there is no
evidence to guide practice. There is little infotima on how to adapt exercise according to
different case presentations. For example, wolwdcettercise goals or prescription for someone
with a history of osteoporotic vertebral fractuggywdepending on the presence of pain or
hyperkyphosis? Therefore, we intend to get broagmrt on the recommendations we have
developed by seeking out the opinion of importaakeholders. Th&oo Fit To Fracture team is
conducting a Delphi consensus process that wilhgaglinicians, researchers and patient
advocates to come to consensus on how to makepgiylexercise recommendations depending
on case presentation, to answer questions impddadtients and to inform future research
priorities. The next step will be to combine the ABE recommendations presented in this
paper with the results of the Delphi consensusga®cresulting in more detailed exercise

recommendations for individuals with osteoporosissieoporotic vertebral fractures.
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Table 1: PICO Questions

Population, Intervention, Comparator | Patient-lmportant Outcomes

Among individuals with osteoporosis but e
no history of vertebral fracture, does .

reduce the risk of falls?
reduce the risk of fracture?

exercise, when compared to no * increase bone density?

intervention: * increase the risk of adverse events?
Among individuals with a history of e reduce the risk of falls?
osteoporotic vertebral fracture, does * reduce the risk of fracture?
exercise, when compared to no * increase bone density?

intervention:

reduce pain?

improve health-related quality of life?

improve function (i.e., activities of daily livingnobility
outcomes)?

increase the risk of adverse events?
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Table 2: Quality Rating and Rationale for EvideAderessing Effects of Exercise on Priority Outcoroeterest in Target Groups
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Outcome Individuals with diagnosis of osteoporosis

Individuals with osteoporotic vertebral fracture(s)

Falls HIGH
-Two meta-analyses provide evidence for effect

-Evidence indirect but effect not suspected toiferént

-Effect similar in high and low risk individuals

-Effect may be modified by hyperkyphotic posture

-Balance exercises or multicomponent exercise progr

Fractures VERY LOW
-Imprecise or sparse data
-Inconsistency in direction and size of effect
-Most data supporting an effect are observational

-High risk of bias in available data

BMD LOW
-Indirect evidence: uncertain if effects on BMD are
different in the presence of osteoporosis
-Imprecise or sparse data
-Risk of bias

Harm VERY LOW

(adverse

events) -Inconsistency in direction and size of effect

MODERATE
-Two meta-analyses provide evidence for effect

-Evidence indirect and effect may be different
-Effect similar in high and low risk individuals
-Effect may be modified by hyperkyphotic posture

-Balance exercises or multicomponent exercise progr
VERY LOW

-Imprecise or sparse data
-Inconsistency in direction and size of effect
-Most data supporting an effect are observational
-High risk of bias in available data

VERY LOW

-Indirect evidence: effects on BMD may be differant
people with osteoporotic spine fracture

-Imprecise or sparse data
-Risk of bias, participants on bone drugs
VERY LOW

-Inconsistency in direction or size of effect
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Pain

QOL

Mobility

ADL

-High probability of reporting bias
-Imprecise or sparse data

n/a

n/a

n/a

n/a

-High probability of reporting bias

-Imprecise or sparse data, indirect evidence
VERY LOW

-Imprecision and risk of bias

-Inconsistency in direction and size of effect
VERY LOW

-Imprecise or sparse data, risk of bias
LOW

-Imprecise or sparse data, variable risk of bias

-Inconsistency in size and direction of effect

-Small positive effects in more than one trial
VERY LOW

-Imprecise or sparse findings, variable risk okbia

-Inconsistency in size and direction of effect
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Table 3: Meta-analyses used to develop GRADE qudiings*

Source Study Outcome(s) Reported effect (effect [95% confidence intervals]
Population

Howe et al. Exercise for | Postmenopausale BMD * Largest effect on FN BMD - progressive resistaricengjth
preventing and treating | women » Fractures training (MD 1.03 [0.24 to 1.82]).
osteoporosis in * Rate of falls/Risk of * Largest effect on spine BMD - combination exercise
postmenopausal women. facllling l|cirogrammesd(l:c/l[l)I 3.22[1.80to 4564]) | _

* Adverse events * Fractures and falls were reported as adverse eiestsne
Cochrane Database Sysf studies. No effect on numbzrs of fractures (OR (0623 to
Rev. 2011 1.64])1
Kelley et al. Exercise and Adult men « BMD * FN BMD - Effect sizeg = 0.53 95% CI [0.031, 1.153], p=0.0
bone mineral density in * LS BMD - (g = 0.190 [-0.036, 0.416], p=0.10)
men: a meta-analysis
Giangregorio et al. Individuals with| « BMD * No significant effect on BMD
Exercise for improving | a history of » Fractures * No study with fracture as an outcome
outcomes in individuals | osteoporotic » Adverse events * No between-group comparison of adverse eventxeise-
with osteoporotic vertebral * Quality of life related fractures.
vertebral fracture fracture * Pain * Inconsistent effects on QOL — no pooled data
(Cochrane review in . Func_t_ion (ADL, * Inconsistent effects on pain — no pooled data
progress) mobility) * Inconsistent effects on ADLs — no pooled data

* Improved TUG time (MD -1.13 seconds [-1.85 to -Q)42
» Improved 20metre walking speed (effect size 0.5)

Sherrington et al. ExerciseOlder adultsX | « Rate of falls/Risk of Effect on falls varied by intervention or populatio
to prevent falls in older | 65 years old) falling

adults. N S W Public
Health Bull. 2011

» Exercise (RaR 0.84 [0.77 to 0.91])
» Balance training, no walking training, higher exsecdose
(RaR 0.62 [0.54 to 0.73])

» High fall risk population (RaR 0.90 [0.80 to 1.00])
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Gillespie et al. Older adultsX | « Rate of falls/Risk of Effect on fractures in older adults: (RR 0.36, {0t 0.70}
Interventions for 65 years old) falling , , _ _
preventing falls in older « Fractures Effect on falls varied by intervention or populatio
people living in the « Multiple-component group exercise (RaR 0.78, [a70.86];
community. Cochrane RR 0.83[0.72 to 0.97])
Database Syst Rev. 2009 « Tai Chi (RaR 0.63[0.52 to 0.78]; RR 0.65 [0.5D1t82))
» Multiple-component home-based exercise (RaR 0.6E3[tb
0.82]; RR 0.77 [0.61 to 0.97])
 Gait/balance/ functional training (RaR 0.73 [0.6D198]));
(RR 0.77 [0.58 to 1.03])
» Other exercise types had no significant effect
* High risk population (RaR 0.75 [0.62 to 0.89], RB®[0.78-
0.99])
Effect on fractures: (RR 0.36 [0.19 to 0.70]
Moayyeri 2008 The Middle-aged » Hip fracture Effect of moderate-to-vigorous physical activity loip fracture

Association Between
Physical Activity and
Osteoporotic Fractures: A

Review of the Evidence
and Implications for
Future Researéh

and older adults

risk:

* (RR 0.55 [0.44-0.69]) for men
* (RR=0.62 [0.56-0.69]) for women

FN = femoral neck, BMD = bone mineral density inrg/, OR = odds ratio, ADL = Activities of Daily LivingRaR = rate ratio, RR =
risk ratio, TUG = Timed Up and Go, MD = mean diffece, data in [] are 95% confidence intervals

*individual randomized controlled trials or obsetigaal trials were also used to inform quality mgt, but are not listed here

The effect of exercise on fractures was examinedinseparate meta-analyses; one was conductedgeshaties of
postmenopausal women, and one in studies of iméores for falls in older adults. Both analysesidbidoe interpreted with caution
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as they may be largely influenced by a study byp€t@inen et al (2006) that was not designed or pedvids examine fractures as a
primary outcome (n=133) and the reported effect lage; six women (7%) in the intervention gromga 45 (20%) in the control
group sustained a fracture.

A meta-analysis of observational trials. The réshe meta-analyses are of randomized controliatbtr
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Table 4: Exercise recommendations for individuals with osteoporosis or osteoporotic vertebral fractures

Recommendationsfor individuals with osteoporosis:

5) We strongly recommend that individuals with ostgop® engage in a multicomponen
exercise program that includes resistance traimmgpmbination with balance training.

6) We recommend that individuals with osteoporosisidbengage in aerobic training to
the exclusion of resistance or balance training.

Recommendationsfor individuals with osteoporotic vertebral fracture:

1) We strongly recommend that individuals with osteog®s engage in a multicomponen
exercise program that includes resistance traimmgpmbination with balance training.
Consultation with a physical therapist is recomnsehtb ensure safe and appropriate
exercise.

2) We recommend that individuals with osteoporotideferal fracture do not engage in

aerobic training to the exclusion of resistancbalance training.
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Table 5: Example balance training exercises that lb@en used in clinical trial interventions falt faevention

What is balancetraining?

Example exer cises

Balance training is defined as “...the efficient stan of bodyweight

from one part of the body to another or challergpeific aspects o

the balance systems (e.g., vestibular systems)balahce retraining

is defined as “... from the re-education of basicctional movement

patterns to a wide variety of dynamic activitieatttarget more
sophisticated aspects of balance.”

http://www.profane.eu.org/taxonomy.html

Reducing Base of Support in Static Stance:

e One-legged stand
» Tandem or semi-tandem stand
« Standing on heels only
« Standing on toes only
Shifting Weight, Moving to Limits of Stability

» Shifting weight between heels and toes
F Dynamic balance exer cises:

* Walking on toes only

* Walking on heels only

e Tandem Walk

e Figure 8s

» Sit-to-stand or squat

* Walking backwards
Three-dimensional M ovement

e Tai Chi
* Dancing
Additional waysto progress balance challenges:

* Gradually reduce contact with support objects

* Add weight shifting to activities with reduced bas
of support

* Close eyes during static tasks

» Dual-tasking — doing another activity or mental

challenge at the same time
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Table 6: Exercise prescription details for indivatkiwith osteoporosis or osteoporotic vertebraltiree. Bold text is used to highlight
the exercise domains that are emphasized in tleen@endations.

Iy,

St

=

Type How often per How hard should it be? Examples Comments
week?
Resistance 2 days a week One exercise for each | Exercises that result inindividuals who are previously sedenta
Training minimum?* major muscle group, 2 | work being performed with comorbid conditions that affect
sets per exercise, 8-12 | against resistance activity participation, at high fracture rigsk
repetitions*: (e.g., body weight or unfamiliar with resistance training may
relative to gravity, or | need to train at a lower intensity, at lea
If > 12 reps can be external resistance) | initially.
performed-> too easy
If < 8 reps—> too hard
Balance 15-20 minutes per | Start with static balance | Table 5 Can be performed in short bouts
Training day, accumulating 2| exercises and progress to throughout the day, or embedded in daily
hours per week. dynamic activities.
Consultation with a health care provide
on exercise selection and progression i
recommended
Aerobic 3-5 days per week | Moderate- to vigorous- | Weight-bearing e.g., | Shorter, more frequent bouts (e.g., 10

Exercise* (for
general health
benefits)

for 30-60 minutes
per day

intensity

dancing, walking

minutes at a time) are acceptable, and
may be preferable for individuals with
vertebral fractures, with comorbid
conditions that limit activity

participation, or who were previously
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sedentary.

Total exercise time = Minimum of 150 minutes of ramate- or vigorous-intensity exercise per week*

* in accordance with physical activity guidelines blder adults put forward by the Canadian SodetyExercise Physiology
(http://www.csep.ca/english/view.asp?x=587), that€es for Disease Control
(http://www.cdc.gov/physicalactivity/everyone/guiides/olderadults.html) or the American CollegeSpiorts Medicine
(http://journals.lww.com/acsm-msse/Fulltext/2009/0GExercise_and_Physical_Activity for Older Addsaspx

YIncluded to reinforce recommendations in CSEP, @GB& ASCM physical activity guidelines for achievigeneral health benefits

Physical activity guidelines from CSEP, CDC and AC®commend 150 minutes of moderate- to vigorotsAsity aerobic
physical activity per week for general health béeeSherrington et al reported that at least twork per week of exercise (that
included challenging balance exercises) was mésttefe for fall prevention. Therefore, a minimurinl®0 min per week of exercise
is proposed. In the event that time is limitedpaer exercise should not supplant resistance alahtatraining.
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