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ABSTRACT

Purpose: As the numbers of Canadians aged 65 years and over increases over the next 20 years, the prevalence of chronic conditions, including arthritis,

will rise as will the number of falls. Although known fall-risk factors are associated with hip and knee osteoarthritis (OA), minimal research has evaluated

fall and fracture risk and/or rates in this population. Thus, the purpose was to summarize research on fall and fracture risk in older adults with hip or knee

OA and to develop a conceptual framework of fall-risk screening and assessment. Method: The International Classification of Functioning, Disability and

Health, clinical practice guidelines for fall-risk screening, and a selected literature review were used. Results: Gaps exist in our knowledge of fall and

fracture risk for this population. Muscle performance, balance, and mobility impairments have been identified, but little is known about whether personal

and environmental contextual factors impact fall and fracture risk. Physical activity may help to prevent falls, but non-adherence is a problem. Conclusion:

A need exists to assess fall risk in older adults with hip and knee OA. Promoting regular physical activity by focusing on disease- and activity-specific

personal contextual factors may help direct treatment planning.
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RÉSUMÉ

Objectif : Le nombre de Canadiens de 65 ans et plus augmentera au cours des 20 prochaines années et la prévalence des maladies chroniques, dont

l’arthrite, sera en hausse, tout comme le nombre de chutes. Bien que des facteurs de risques de chute connus soient associés à l’arthrose du genou ou

de la hanche, une somme minimale de recherches a évalué les risques ou les taux de chutes et de fractures chez ce segment de la population. En

conséquence, l’objectif de cette étude était de dresser un résumé des recherches réalisées sur les risques de chute ou de fracture chez les adultes plus

âgés aux prises avec de l’arthrose au genou ou à la hanche, et d’élaborer un cadre conceptuel pour le dépistage et l’évaluation des risques de chute.

Méthode : La Classification internationale du fonctionnement, du handicap et de la santé (CIF), qui forme les directives cliniques pour le dépistage des

risques de chute, et une revue documentaire sélective ont été utilisées. Résultats : Il existe des lacunes dans nos connaissances relatives aux risques de

chute et de fracture au sein de ce segment de la population. La dégradation de la performance musculaire, de l’équilibre et de la mobilité a été établie,

mais on sait peu de choses en ce qui a trait aux répercussions possibles de facteurs contextuels personnels ou environnementaux sur les risques de chute

ou de fracture. L’activité physique peut aider à prévenir les chutes, mais la non-adhésion des patients à un programme d’activité physique pose problème.

Conclusion : Une évaluation des risques de chute chez les adultes plus âgés souffrant d’arthrose du genou ou de la hanche est nécessaire. La promotion

de l’activité physique régulière, en se concentrant sur les facteurs contextuels personnels propres à la maladie ou à l’activité, pourrait aider directement la

planification du traitement.

Osteoarthritis (OA) affects 1 in 10 Canadians1 and is
a common cause of functional deterioration in older
adults. As Canada’s population continues to age, with in-
creasing numbers of people living beyond 80 years, the
prevalence of OA is predicted to increase substantially.
Long-term disability due to OA in Canada accounts for
almost 80% of the economic costs of arthritis, at nearly
$3.5 billion per year.2 The average annual cost related to

hip and knee OA per individual in Canada is $12,200, and
the number of people with OA on disability is expected
to double by 2020.3

There is a significant financial and public health focus
in Canada on reducing wait times for total joint replace-
ments, the most common surgical intervention for hip
and knee OA.4 In conjunction with improving Canadians’
access to surgery, other, more conservative efforts are
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needed to address downstream management of lower-
extremity arthritis. Doing so should also improve pre-
surgery functional status, possibly increasing the time
span before surgery is required or even reducing the
need for surgery. Physical therapists are vital members
of the health care team needed to address the risk factors
associated with declining health that is related to OA.
The spiral of pain, decreased mobility, strength, and
balance that is associated with hip and knee OA, com-
bined with fear and anxiety, can result in loss of in-
dependence and can diminish the ability to engage in
effective self-management strategies for arthritis such as
physical activity.

Further, the presence of OA, although associated with
increased bone mineral density in the area of OA, is
not necessarily protective of fragile hip fractures.5–7 The
reason for this is not known, but may be related to an
increased incidence of falling in older adults with lower
extremity OA, which exposes them to greater risk of
fracture. In a review of 16 fall-risk studies,8 one of the
priority risks identified was the presence of any type of
arthritis, which had a higher mean relative risk (RR) of
predicting future falls than either age or cognitive status.
Lower-limb weakness, slower gait, decreased mobility,
and pain—all outcomes of hip OA—were also estab-
lished fall-risk factors.8,9 People with hip or knee OA are
at a higher risk of falls, and their future risk significantly
increases if they have joint pain and a prior history of
falling.10–12 Therefore, it would be prudent to identify
older adults who have OA and are at a higher risk of fall-
ing and to encourage them to engage in appropriate
treatment strategies.

The American Geriatrics Society/British Geriatrics
Society recently updated guidelines for fall-risk identifi-
cation and management for older adults by producing
a clinical algorithm.13 The premise of the clinical algo-
rithm is to describe the decision-making and interven-
tion process for community-dwelling adults, aged 65
years and older, who present to a clinical setting or an
acute care setting (e.g., emergency department). The ini-
tial screening questions focus on identifying key fall-risk
factors; individuals who present with either two or more
falls or an acute fall in the past 12 months, or who have
difficulty with walking and balance, then undergo a
multi-factorial assessment.

The algorithm was developed from the broad popula-
tion of community-dwelling older adults. However, we
do not know whether the detailed assessment in the
algorithm captures the unique factors associated with
certain higher-risk conditions, particularly OA. Under-
standing this issue would allow health professionals to
more effectively apply the guidelines to the individual
decision making that is part of clinical practice. In par-
ticular, since the presence of either hip or knee OA may
increase fall risk, it would be important to review re-
search evidence to identify whether any additional factors

should be assessed once patients with OA present with a
history of falls and/or experience difficulty with balance
or walking.

This literature review can be guided by the Interna-
tional Classification of Functioning, Disability, and Health
(ICF)14 and could help physical therapists apply evidence-
based screening algorithms to target populations (see
Figure 1). The ICF provides a conceptual framework for
describing health and health-related states, which would
be helpful in providing a scientific basis for studying out-
comes and determinants of health, such as hip or knee
OA and fall risk in this population. The ICF defines two
parts: (1) Functioning and Disability, which includes
body functions and structures, activities, and participa-
tion in life situations; and (2) Contextual Factors, which
includes the two domains of environmental and personal
factors (see Figure 1).

Examples of impairments linked to fall risk are body
functions, such as emotion, sleep, energy, pain, joint
mobility, and muscle power; and structures associated
with movement, cardiovascular, or neurological systems.15

The extent of a person’s limitations or difficulties in exe-
cuting tasks or activities, defined as activity limitations
and participation restrictions, provides a performance
qualifier by describing the person’s actual performance
within the societal context of his or her current envi-
ronment or involvement in life situations. Examples of
activity limitations are difficulties with mobility tasks,
such as walking, reaching, carrying, or driving. Participa-
tion restrictions could include difficulty with mobility
within the lived experience of being able to participate
in physical activity, recreation, or employment. In the
clinician’s short list,15 activity limitations are defined as
‘‘capacity qualifiers,’’ whereby the clinician assesses the
individual’s capacity to execute the task with or without
assistance, whereas participation restrictions are defined
as ‘‘performance qualifiers,’’ which describe the perfor-
mance of activities within the societal context of ‘‘the
lived experience.’’ The contextual factors in the ICF that
influence performance include the physical and social
psychological environment in which one lives as well as
other personal factors that are not part of the health con-
dition but can play a role in disability at all levels, such
as age, lifestyle habits, gender, and coping styles.

All parts and domains of the ICF classification may
be negatively affected by hip or knee OA and may be
affected by and/or lead to falls. Therefore, using the ICF
classification as a guide in identifying multiple fall-risk
factors among older adults with hip or knee OA may be
helpful in determining whether additional factors will
be needed in an adapted fall screening and assessment
algorithm. The purpose of the present study was to
identify factors contributing to increased fall risk among
older adults with hip or knee OA and to integrate these
factors into the most recent clinical guidelines and
algorithm13 for fall-risk screening and assessment (see
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Figure 2). Adapting the algorithm may be advantageous
to clinicians by providing a framework to direct future
research and clinical practice in the area of hip and
knee OA and fall risk.

METHODS
A selective review of the literature was conducted by

three researchers (the authors and a literature search
assistant). Searches were performed in Medline, PubMed,
and CINAHL using the following medical subject head-
ings (MeSH) and keywords: osteoarthritis hip OR osteo-
arthritis knee AND any of: risk assessment, risk, risk
factors AND any of: accidental falls, falls efficacy, falls
self-efficacy, depression, social isolation, stability, postural
control, gait, walking activity level, physical fitness, muscle
strength, and activities of daily living. These keywords
were used to capture the range of impairments, activity
limitations, and participation restrictions that are asso-
ciated with hip and knee OA and presumed to affect fall
risk. We did not restrict our search to older adults only
because it is not clear whether fall risk within certain

higher risk populations may be higher throughout the
adult and early older adult years (i.e., between 50 and 64
years) because of the nature of the health condition.

We focused our search on literature published within
the years 2000–2010 to provide an overview of the most
recently researched impairments, activity limitations,
and participation restrictions involved in fall risk. Because
of the limited number of articles published on this topic,
however, some key studies before 2000 that related specif-
ically to the association of falls and fracture to OA were
also included. Our search retrieved a total of 122 titles,
101 of which were eliminated following a review of the
abstracts because they were published in a language other
than English, were not relevant to the topic, or were edi-
tors’ views or commentary. A total of 21 articles fit the
search criteria and were included in the review.6,7,9–12,16–30

Although all 21 studies included adults with OA or joint
pain (including hip and knee), only 14 were specific to
either hip or knee OA.10,11,12,16,19,20–23,25–29 We found few
studies that addressed the relationship between personal
and environmental contextual factors and fall risk spe-

Figure 1 The impairments, activity limitations, participation restrictions, and contextual factors related to fall risk in older adults with hip or knee
osteoarthritis.
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Figure 2 An algorithm for fall-risk screening and assessment of older adults with hip and knee osteoarthritis.
Adapted from the Summary of the updated American Geriatrics Society/British Geriatrics Society clinical practice guideline for prevention of falls in older
persons. BBS: Berg Balance Scale; TUG: timed up-and-go Test; ABC: Activities-specific Balance Confidence.13

Arnold and Gyurcsik Risk Factors for Falls in Older Adults with Lower Extremity Arthritis 305



cific to this population; we therefore added other studies
known to us in order to supplement the relevant in-
formation related to fracture risk, older adults, falls, fall
risk, and arthritis defined in more general terms. In
particular, literature on physical activity, including key
reviews and recent research, was selectively reviewed to
illustrate potential application to assessment and inter-
vention. Physical activity was a focus because, according
to the ICF, it can be a participation restriction but can
also be a recommended strategy to prevent falls for those
at risk.

RESULTS AND DISCUSSION
The results and discussion are organized below under

four main sections. The first section provides an over-
view of the literature that describes the association of
OA to falls and fracture risk. The second section reviews
our selected literature that fit under the ICF fall-risk
headings (see Figure 1). This selected literature review
was then used to inform the adaptation of the current
clinical practice algorithm to an older adult population
with hip or knee OA, which is described in the third sec-
tion. Recommendations for screening, intervention, and
future research for the older adult population with hip
or knee OA conclude the paper (the fourth section).

Fall and fracture risk

Controversy exists in the literature as to whether the
presence of OA increases, decreases, or has no effect on
fall and fracture risk. Historically, the presence of OA has
been assumed to increase bone density in the affected
area as a result of increased proliferation of subchondral
bone growth. The presence of OA would thus be expected
to decrease the risk of fracture at the site. However, it
is not clear whether or not an increase in bone density
results in a stronger bone that is less likely to fracture.

Two studies support the idea that the presence of OA
is not protective against fragility fracture (defined as a
fracture caused by injury that would be insufficient to
fracture a normal bone, such as a fall from standing
height or less) despite higher bone density.6–7,31 How-
ever, Vestergaard and colleagues32 found, in a case con-
trol study of 124,655 fracture cases, that the presence of
OA at any joint was associated with a decreased risk of
fracture. OA at the hip or knee was associated with a
declining risk from the time of diagnosis. It is possible
that this result may be partially due to the correlation
between declining physical activity levels and an increas-
ing severity of lower extremity OA, meaning less expo-
sure to fall-related fracture risk. Functional status, fall
risk, and physical activity levels were not measured in
this study. The rationale for, or mechanism of, declining
fracture risk is not entirely clear, and the findings contra-
dict those of a previous study5 that reported an increased
risk specific to joint location in the lower extremity.
Arden and colleagues5 found a twofold increase in non-

traumatic fracture risk for hip OA relative to controls, but
did not find a similar increase at other OA joint sites
(e.g., knee, spine, and wrist). One explanation may be
that individuals with hip OA have a greater incidence or
risk of falls and thus a higher fracture risk, regardless
of bone density values. One study found an increased
occurrence of falls in women who presented to their
physician with hip pain, relative to matched case con-
trols.16 A second study found a threefold increase in fall
risk, as measured by the Physiologic Profile Assessment
(PPA), in women who scored higher in function and
pain disability (scored b50 on the Western Ontario and
McMaster Universities Osteoarthritis Index [WOMAC])
related to their OA.24

Not all studies produced evidence of site-specific
arthritis-related fall risk. The presence of any arthritis or
joint pain was shown to be a risk factor for falls.9,17,30

Relative risk ratios are moderate with the presence of
arthritis at any joint (RR ¼ 2.4, 95% CI, 1.9–2.9),8 signs
of hip OA (RR ¼ 1.7, 95% CI, 0.99–3.0),33 and history of
arthritis or presence of hip or knee pain on passive range
of motion (RR ¼ 1.9, 95% CI, 1.3–3.7).30 It makes sense
that the presence of arthritis in the lower limbs would
have the greatest impact on fall risk, since lower limb
weakness, balance reactions (primarily controlled by
trunk and lower extremity neuromuscular control), and
functional ability (e.g., gait, ability to rise from a chair)
show direct associations with fall risk.8,18 In a study of
1,821 men and women (mean age 69 years), Jones and
colleagues7 found significantly increased postural sway
and quadriceps weakness for those with self-reported
arthritis (location not defined). Sturnieks and colleagues19

found increased fall risk in older adults with lower ex-
tremity arthritis (hips, knees, ankles, or feet) relative to a
sample of healthy older adults. Arden and colleagues5

studied 1,353 women aged 45–64 years with radiographic
diagnosis of hip OA and found a significantly greater
association with self-reported non-traumatic fracture
relative to other OA sites (knees, spine, and hands); these
women were also 2.4 times more likely than controls to
have had a non-traumatic fracture in the past 10 years.
In another study, Arden and colleagues6 found a signifi-
cant decrease in fall risk for women with more severe
radiographic changes resulting from hip OA (RR ¼ 0.7,
95% CI, 0.5–1.0) but an increased risk for those with
self-reported hip OA (RR ¼ 1.4, 95% CI, 1.2–1.5). As
Vestergaard and colleagues32 have proposed, such find-
ings may suggest that those with more severe disease
and thus more limited functional ability put themselves
at less risk than those with milder OA. Vestergaard and
colleagues conclude that although hip OA patients had
higher bone density values, a reduced risk of falls or frac-
ture was not evident.

In summary, limited evidence exists of a causal link
between hip and/or knee OA and future risk of falling
and fractures, and it is not known whether the presence
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of both hip and knee OA further raises the risk. However,
the bulk of evidence supports the notion that hip/knee
OA is not protective against fractures, and may be more
likely to increase the risk of fragility fracture through
increased risk of falling, particularly in the case of hip OA.
Given the findings of Vestergaard and colleagues’ large
case-control study,32 further study is needed to deter-
mine how joint OA affects the density, area, and strength
of adjoining bones and the association of these factors
with fracture risk. Exploring the fall-risk factors that are
also common impairments, activity limitations, and par-
ticipation restrictions associated with hip or knee OA is
an important second consideration, given the limited
evidence of a direct causal link.

Impairments, activity limitations, and participation restrictions

linked to fall risk

Impairments secondary to hip or knee OA, such as
pain (associated with sensory function), muscle weakness,
decreased mobility, and reduced falls efficacy, have direct
effects on primary fall-risk factors (i.e., activity limita-
tions) including balance, walking, and the ability to per-
form daily tasks safely.8,9,13,25 These impairments also
restrict participation in societal functioning—recreation
and leisure, physical activity, and community life—which
compounds the disability of people with hip or knee OA
and may further increase their fall risk.17 The complex
association of impairments, activity limitations, and par-
ticipation restrictions in relation to fall risk is reviewed
below.

Relationship of muscle performance, mobility, and pain to

balance and walking

When walking, an individual must bear 81% of his or
her body weight on a single limb for 60% of the gait
cycle, which equates to a loading force through the hip
greater than four times the body weight.34 This force is
counter-balanced by the hip abductor muscles. Ade-
quately conditioned muscles and the ability to generate
force quickly can attenuate impact loads.35 In comparison,
muscle waste and loss of static and dynamic strength can
greatly increase compressive forces on the hip. People
with muscle weakness and/or hip or knee pain will often
compensate by limping during gait and shifting the centre
of body mass over the support limb to increase the effi-
ciency of the abductor muscles, primarily the gluteus
medius.34 This compensation results in an abnormal
gait with the centre of gravity displaced toward the side
of the painful hip or knee. Balance may then be jeo-
pardized, and the risk of falling increased, particularly if
abnormal gait is combined with environmental obsta-
cles, poor visual cues, and/or decreased proprioception.
In addition, buckling of the lower limb due to muscle
weakness and pain can compound the risk of falling.9

This sequence of events is even further compounded by
age-related changes in gait: slower speed, decreased

stride length, increased double support, decreased plan-
tar flexion propulsion, and decreased hip extension.35

Indeed, over 75% of falls reported in one study of people
with hip OA were associated with a walking or stepping
activity.10

Static and dynamic strength deficits of up to 60% in
the lower extremity muscles have been observed in
people with OA.36 Neuromuscular inhibition of the quad-
riceps is the most common muscle weakness associated
with knee OA, but few studies have identified specific
weakness deficits for hip OA. Quadriceps weakness has
been associated with increased fall risk8 and is more
prevalent in lower extremity arthritis.9 A recent study37

found that both concentric and eccentric quadriceps
muscle strength was independently associated with func-
tional performance and fall risk in a healthy older adult
population. Muscle power may also be an important
aspect of neuromuscular control related to fall risk, but
has received little attention in the literature on either
healthy older adults or older adults with arthritis.

Loss of hip extension and hip abduction strength may
be the most important contributor to gait changes and,
thus, to changes in postural control during dynamic
activity. Hip abductor and extensor weakness reduces
the ability to stabilize the limb and shifts the weight
forward in the stance phase, resulting in slower gait and
a more flexed posture. Loss of hip extension range and
strength may be a biomechanical contributor to fall
risk.26,27 Biomechanical studies also suggest that the
ability to prevent a fall in the event of tripping depends
on where the centre of gravity is located at the time of
the trip. An anterior shift of the centre of gravity because
of flexed posturing or loss of hip extension is associated
with falling when a trip occurs. Buckling of the limb,
which can occur as a result of pain or muscle weakness,
is also associated with a greater risk of falling.28,29

In summary, the consequences of hip OA—pain, loss
of mobility, impaired balance, and loss of strength—
combined with deterioration in neuromuscular function
associated with aging, may increase the risk of falling. In
particular, loss of hip extension range and weakness of
the hip abductors and extensors may cause abnormal
gait patterns that alter the ability to successfully shift
the centre of gravity (as in normal walking) and decrease
the ability to react to perturbations in weight-bearing
positions.

At present, there is no consensus on the best screen-
ing test for gait and walking difficulties related to fall
risk. The timed up-and-go (TUG)38 is one of the more
common, functional walking tests used; there is debate
in the literature as to the most sensitive cutoff point to
predict future fall risk.10,20 In an analysis of older adults
with hip OA, we found that a cutoff point of b10 seconds
was associated with higher levels of functional decline
and history of near falls but was not associated with a
history of falls.10 The TUG could be a useful tool for

Arnold and Gyurcsik Risk Factors for Falls in Older Adults with Lower Extremity Arthritis 307



identifying general activity limitations associated with fall
risk. In addition, new clinical practice guidelines suggest
that simply questioning an individual about difficulty in
walking and balance may be adequate to screen for indi-
viduals who require a more detailed assessment.13

Relationship of pain and falls-efficacy to balance and walking

Fear of falling is more prevalent in older populations
with joint pain,39,40 but whether this fear reflects a more
general state of anxiety not specific to falls is unclear.
More recently, researchers have evaluated fear of falls
in the context of self-efficacy theory.41 Falls efficacy is
defined as one’s belief in one’s skill and ability to suc-
cessfully perform a task without falling.42 In this context,
fear of falling is conceptualized as low levels of perceived
self-efficacy or little confidence in one’s ability to avoid
falls,43 referred to in the literature as both ‘‘falls effi-
cacy’’43 and ‘‘balance confidence.’’44 Higher levels of falls
efficacy relates to higher confidence in the ability to pre-
vent a fall and, thus, less fear about performing day-to-
day tasks.

Fear of falling is relevant to falls for several reasons.
First, it is an independent predisposing factor in both re-
duced physical status (e.g., muscle performance, mobility,
balance, and physical activity involvement)45–47 and nega-
tive psychosocial effects (e.g., social isolation and depres-
sion).42,44,45 With decreased mobility and increased social
isolation, fall-risk factors accumulate. The evidence is
clear that increased fear of falling restricts both daily
functional activity and recreational activity.46,47 The
presence of back, joint, or muscle pain has been found
to increase the likelihood of fear of falling reports two to
four times, almost double in comparison to the findings
from healthy, community-dwelling older adults.18,45,48

Jamison and colleagues48 reported that the presence of
more intense pain was significantly associated with
increased fear of falling in adults with arthritis. The rela-
tionship of chronic pain to fall risk is a complex interac-
tion of factors including sleep disturbances, decreased
attention, social withdrawal, medication use, functional
limitations, gait changes, presence of other chronic con-
ditions, and limitation of activity.17

Our previous studies found an independent asso-
ciation between lower levels of falls efficacy and poorer
performance on balance tests in older adults with hip
OA—controlling for age, physical activity level, and other
functional status measures.21 We also found that an
intervention program designed to enhance falls efficacy
through education combined with an aquatic exercise
program, improved both physical performance and falls
efficacy in comparison to aquatic exercise alone and
a control group with no excercise.22 In addition, older
adults with hip OA and lower levels of falls efficacy
responded better (i.e., with better physical performance
and increases in falls efficacy) than those with higher
levels of falls efficacy when education was combined

with exercise.23 Taken together, these findings suggest
that older adults with hip OA are at an increased risk of
falls as a result of combinations of physical and psycho-
logical fall-risk factors, and that interventions designed
to address both types of factors should result in the
greatest reduction of fall risk.

The relationship of balance and walking limitations to increased

risk of tripping/falls

Cecchi and colleagues11 found standing balance to be
impaired in older adults with hip pain but not in those
with knee pain, which may be due to older adults’ rely-
ing more on the use of a hip strategy to balance as
opposed to the ankle strategy more commonly observed
in younger adults.49 Hip pain may result in reflex inhibi-
tion of the thigh and gluteal muscles. Hip pain has been
associated with loss of hip extension, an anterior shift of
the centre of gravity,27 and increased incidence of near
falls.13 In fact, up to 30% of older adults with hip OA
reported one or more near falls per week, while 45% had
experienced one or more falls in the past year.10

Foley and colleagues24 found that self-reported func-
tional ability and pain related to hip or knee OA were
associated with reaction time, balance, proprioception,
knee extension strength, and edge-contrast sensitivity.
Other studies found balance impairment in older adults
with hip or knee OA.10,25 Jadelis and colleagues50 also
found obesity to be a contributing factor in greater
balance impairment in those with knee pain. Presence
of obesity is also linked to a reduced ability to perform
functional activities, such as getting up and down from
the floor and ascending and descending stairs.51

Obstacle clearance requires a fine balance of con-
trolled kinematics of the trailing foot while maintaining
body balance on the stance leg. Older adults with hip
and knee OA may be at greater risk of falling when navi-
gating obstacles because of the demanding requirements
for both lower limbs. Pandya and colleagues52 reported
a 37% lower obstacle avoidance success rate and a 54%
reduction in single limb stance time in older adults with
knee OA using virtual obstacles displayed at random
intervals while participants walked down a 9.5 m walk-
way. There was a linear association between higher
levels of self-reported pain and decreases in obstacle
avoidance success and stance phase time, although it is
unclear whether virtual obstacle navigation can be trans-
ferred to everyday experiences. Intra-articular injections,
which decreased pain, improved success rates,53 but ob-
stacle avoidance success still remained 20% lower than
for healthy controls. It appears that other factors, such
as muscle strength, joint motion, neuromuscular control,
and proprioceptive changes associated with lower ex-
tremity OA, played a role beyond pain in increasing the
risk of tripping in this population. Indeed, Chen and
colleagues54 found that older adults with bilateral knee
OA demonstrated different kinematics and kinetics when
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crossing an obstacle. In the OA group, greater hip-
abduction moments were produced on the stance limb,
likely to support the higher clearance observed for the
swing or crossing limb relative to healthy controls, and
an increased anterior pelvic tilt and greater knee-extensor
moments were observed on the stance limb. It appears
that both hip and knee strength are important for control-
ling the motion necessary to prevent a fall when stepping
over an obstacle. The impact on fall risk of the use of
walking aids, in combination with other fall-risk factors
affecting walking and balance in hip and knee OA, is
unknown.

Assessment of activity limitations should address the
relationship of impairments to functional activities and
balance. Assessment of postural control should incor-
porate both confidence and physical performance, since
the two parameters are closely connected. The variety of
functional balance and balance confidence measures
that could be used to assess these risk factors are beyond
the scope of this paper. In our experience, these tools,
such as the Berg Balance Scale,55 consist of functional
balance tasks that measure several of the common activ-
ities with which individuals with hip and knee OA may
have difficulties—sit to stand, stepping, reaching, and
turning. Falls efficacy tools such as the Activities-specific
Balance Confidence (ABC) Scale44 can identify individ-
uals with lower confidence levels. We found that lower
levels of falls efficacy were associated with lower balance
performance and that older adults with hip OA who had
lower levels of falls efficacy (i.e., ABC scores <70) were
more likely to benefit from interventions that incorpo-
rated more intensive strategies to educate and build on
self-efficacy.22

Physical activity: Restrictions on participation, strategies to

prevent falls and improve health

It is recommended that older adults engage in at least
150 minutes of moderate physical activity per week to
manage their arthritis and obtain health benefits.56,57

Moderate activity is defined as activity that increases
one’s heart rate and breathing rate while still allowing
one to talk but not sing.58 Unfortunately, up to 80% of
adults with arthritis do not adhere to these recommen-
dations.57,59,60 Low rates of adherence illustrate the
restrictions on physical activity participation that exist
among people with arthritis. Yet physical activity adher-
ence among adults with various types of arthritis, in-
cluding OA, has been shown to reduce pain, increase
physical function, and improve falls efficacy. 61–64 Fur-
ther, these community-deliverable activity programs de-
liver their beneficial effects regardless of individuals’ age,
the type of physical activity training, whether the physi-
cal activity is supervised or not, the length of the pro-
gram, and the type of arthritis.64 Investigating processes
important for regular participation in physical activity is

therefore crucial for understanding how to improve poor
adherence among all adults with arthritis.59,60

Ideally, such research should be theory driven in
order, first, to identify reliable determinants of adherence
and, second, to use theory as the guiding framework from
which intervention strategies can be designed and imple-
mented to positively affect determinants of adherence.64–66

Although not extensive, there is evidence from research
reviews and studies that both environmental contextual
and personal contextual factors (i.e., ICF factors; see
Figure 1) are associated with physical activity adherence
in people with arthritis.67–71 Environmental factors for
which there is evidence of a positive relationship with
adherence include increased social support (including
physical activity advice from health care providers) and
decreased work/family responsibilities. Personal con-
textual factors for which there is evidence of a positive
association with adherence include lower pain, higher
perceived well-being, no evidence of depression, fewer
barriers, and increased self-regulatory efficacy (which
revolves around confidence beliefs important for per-
forming regular activity, such as scheduling/planning,
coping with barriers, and goal setting). Despite these
positive associations, and similar to behavioural medi-
cine research,72 this research is largely atheoretical,
which is problematic in the eventual design of effective
interventions because strategies to change determinants
are not known.

To address this issue, research based in social cogni-
tive theory41,73 has been used to examine factors asso-
ciated with physical activity adherence in adults with
arthritis. Overall, findings have illustrated that physical
activity adherence may be affected by activity-specific
and disease-specific personal contextual factors. For ex-
ample, adults reported both general barriers, common
across symptomatic and asymptomatic populations (e.g.,
lack of motivation, lack of time), and arthritis-specific
barriers (e.g., pain, joint stiffness). However, the extent
to which barriers were perceived to limit activity had
a stronger association with participation than the actual
experience or frequency of barriers.67 Further, self-
regulatory efficacy in using strategies to cope with barriers
(i.e., an activity-specific factor) appears to mitigate the
impact of limiting barriers and is associated with more
physical activity. For example, two people may fre-
quently experience a lack of time as a barrier to being
active, but one who is confident in using strategies to
successfully cope with that barrier (e.g., through schedul-
ing activities, having plans to be active with friends) will
report that it does not limit activity, while a less effica-
cious individual would report lack of time as being very
limiting to activity.

Recent research has illustrated that pain acceptance,
a disease-specific factor, may also be important for
adherence to physical activity. Pain acceptance involves
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a willingness to experience pain without attempting to
control it, and an engagement in valued life activities,
such as physical activity.74,75 Gyurcsik and colleagues76

found that women with arthritis who reported more
pain acceptance also had higher self-regulatory efficacy
beliefs to cope with arthritis-specific barriers, expected
more positive arthritis-related outcomes from activity
(e.g., less pain, soreness, and stiffness), had lower pain
intensity, and engaged in more physical activity than
their counterparts with lower pain acceptance.

The relationship of personal and environmental contextual

factors to engagement in physical activity

Theory-based investigations have begun to identify
relationships between disease-specific personal contex-
tual factors (e.g., pain acceptance and intensity) and
activity-specific personal contextual factors important
for physical activity adherence (e.g., barrier limitation,
self-regulatory efficacy). Understanding the potentially
complex interplay between such factors is a necessary
step toward improving adherence to physical activity
as a strategy for better disease management, including
falls prevention.77,78 People with arthritis who attempt
to adhere to activity must interpret their disease symp-
toms and outcomes and must also have the necessary
activity-specific personal factors important for adherence
in all populations (e.g., the self-regulatory efficacy to
identify and use effective strategies to cope with limiting
barriers). To date, very little research has examined this
potential interplay of factors.

Future physical-activity research among individuals
with arthritis should be driven by the use of compatible
theories that, taken together, address activity-specific
and disease-specific personal and environmental contex-
tual factors. For example, social cognitive theory, which
focuses on activity-specific factors as well as environ-
mental factors,41,73 and the common sense model, which
focuses on people’s perceptions and beliefs about their
chronic disease (e.g., timeline and consequences of the
disease),79,80 may be used in a complementary fashion to
study determinants of adherence among individuals with
arthritis. Understanding how individuals with arthritis
who adhere to physical activity at the recommended
dose differ in their contextual factors from those who
struggle with adherence may also be a fruitful avenue
to investigate. Learning the contextual profile of people
who adhere to physical activity in the context of their
chronic disease could provide avenues for intervention
among those who are less adherent so as to improve
their disease management and health outcomes, in-
cluding improvements in fall-risk factors such as pain,
muscle weakness, and balance as well as reductions in
fall incidence.81,82

Linking risk factors to clinical practice guidelines for falls

screening and assessment: An adapted algorithm

Using the ICF, we have integrated knowledge of fall
risk in older adults with knee or hip OA into an algorithm

for the purposes of screening and assessment as well as
to guide future research in this area (see Figure 2). This
algorithm is based on the newly revised clinical practice
guidelines for fall prevention in community-dwelling older
adults.13 Our literature review suggests that a slightly
modified algorithm is required to consider the unique
presentation of impairments, activity limitations, and
participation restrictions associated with hip or knee
OA. The adapted algorithm is not meant to replace the
evidence-based guidelines established by the American
Geriatric Society and British Geriatric Society panel, but
is meant to supplement other factors, which have less
evidence in the literature, that may be important to
explore in future research and use of the algorithm. For
example, pain assessment, specific tests for joint range
of motion, falls efficacy, and social aspects of coping
behaviour (factors specific to older adults with chronic
pain conditions such as OA) are included in this adapted
algorithm, but not in the published guidelines. These
adaptations (see Figure 2) are not meant to be exhaus-
tive, but are based on the selected review outlined above.

Recommendations for falls screening and assessment for hip

and knee OA

The presence of walking and balance difficulties should
be a first-line screen for older adults with hip or knee
OA. Standard functional mobility measures such as the
TUG can assist in identifying higher risk individuals. As
recommended by the American Geriatric Society and
British Geriatric Societys guidelines, in instances where
the initial screening is positive for a recent fall or a his-
tory of two or more falls in the past year and/or difficulty
with balance or walking, then a detailed assessment of
impairments, activity limitations, and participation re-
strictions should occur. If the screen is negative, but the
individual reports any history of a fall in the past year,
further evaluation of balance, gait, and falls efficacy is
recommended. If no signs of fall risk exist at the time of
screening, periodic re-evaluation should occur at least
annually.

In contrast, if the initial screen is positive, the algo-
rithm includes recommendations for a more detailed
assessment (see Figure 2). Specifically for older adults
with hip and knee OA this assessment should address
the following issues:

e Pain contributes to increased reporting of functional
loss and decreased neuromuscular control of large
muscles contributing to postural stability; the emo-
tional stress of pain also leads to decreased ability to
engage in both social and physical activity. Assessing
pain levels and the impact of pain on daily living is
important to establish a baseline. Interventions should
address pain management, including a focus on
actively coping with pain and on pain acceptance.

e Detailed clinical assessment of lower extremity
strength, range of motion, and balance is important.
In particular, the therapist should pay close attention
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to loss of range and strength in hip extension and
loss of strength in hip abduction and knee extension.
Standard measures of balance, such as the Berg
Balance Scale, can identify functional balance limita-
tions. Physical activity interventions should focus on
both improving strength of key muscle groups (hip
abductors, extensors, knee extensors) and challeng-
ing balance.

e Because of the increased risk of tripping in this
population, as well as difficulty with activities such
as ascending and descending stairs, stepping ability
may be another important functional task to evaluate.
Interventions should address practice of navigating
obstacles, strengthening of hip flexors, ankle dorsi-
flexion range and strength to clear the toe, and
climbing stairs.

e In addition to physical screening tests, falls efficacy
appears to be an important factor to consider for
fall-risk screening in this population. Easy to admin-
ister questionnaires such as the ABC Scale could be
useful in identifying those individuals with lower
falls efficacy who may benefit more from interven-
tions incorporating self-efficacy enhancement and
education on fall risk. Understanding the underlying
mechanisms of lower falls efficacy would add further
insight into how to prevent falls efficacy from spiral-
ling into a collective impact of social isolation and
decreased physical activity, which further leads to
an increase in risk of falls. Interventions should inte-
grate the physical practice of daily living tasks and/or
physical activity sessions along with building con-
fidence in movement during these tasks. Confidence
building should be theory-driven, addressing the
individual’s ability to self-regulate and overcome
barriers to physical activity.

e Detailed history taking and assessment of social, per-
sonal, and environmental contextual factors (e.g.,
environmental hazards, social support, barriers to
physical activity and self-regulatory efficacy to cope
with barriers) are important to identify the need
for other professional referrals and changes to such
factors.

e Screening, assessment, and treatment planning should
be theory-based, when possible. For example, using
complementary theories related to physical activity
adherence that contain activity-specific and disease-
specific factors would be advantageous for identify-
ing the range of factors contributing to adherence,
potentially reducing fall risk and incidence.

Future research recommendations
e Identify the key fall-risk factors in older adults with

hip or knee OA to design effective screening and
intervention strategies.

e Determine pre-operative and post-operative fall-risk
status for individuals undergoing total hip and knee

arthroplasty, including long-term follow-up for at
least one year.

e Examine the impact of hip and knee OA on gait
biomechanics related to falling and determine the
impact of use of walking aids on fall risk in this
population.

e Evaluate the relationships of psychosocial and physi-
cal fall-risk factors and how these complex interac-
tions influence ability to engage in physical activity.

e Identify theory-based personal and environmental
activity- and disease-specific contextual factors that
influence physical activity adherence and the ability
to engage in fall prevention strategies.

e Determine whether the screening algorithm proposed
applies to all older adults (i.e., aged 50 years and
over).

Limitations

We recognize that the lack of a systematic literature
review and of a selection process based on internal valid-
ity ratings is a limitation of our study. However, the lack
of research specific to this population warrants the de-
velopment of an adapted algorithm that can guide future
research, leading to a systematic review with effect sizes.

CONCLUSION
Research evidence illustrates that older adults with

hip or knee OA have an increased risk of falling, which
may increase their fracture risk. Based on the literature
reviewed above, we recommend that health profes-
sionals regularly screen their clients with hip and knee
OA for fall risk, which will identify a broad range of im-
pairments, activity limitations, and participation restric-
tions, as well as personal and environmental contextual
factors associated with fall risk, in order to best prescribe
appropriate interventions. Further research related to
fall rates and risk as well as the inter-relationship of risk
factors is needed in this population.

KEY MESSAGES

What is already known on this topic

Older adults with hip and knee OA have a collection
of impairments, activity limitations, and participation
restrictions that put them at a higher risk of falls. The
presence of OA at a joint does not appear to have a pro-
tective effect against fracture; in fact, this population
may be at an even higher risk of fall and fracture than
the healthy community-dwelling older adult population.
Identifying the risk factors and incorporating a theoreti-
cal framework based on research to screen, assess, and
provide effective intervention for higher-risk populations
is important to direct health care initiatives and future
research.

What this study adds

This selected review of literature and proposal of an
integrated framework for screening and assessing older
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adults with hip and knee OA for fall risk can assist in
developing more effective strategies for prevention and
treatment of fall risk. The model proposed here, which
applies the ICF framework and established fall-risk
assessment guidelines to a high-risk target population,
can be used with other high-risk populations. A theoreti-
cal model is also helpful in generating future research on
this topic.
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