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Abstract
Osteoporosis is the most important disease, along with cognitive disorders, in the aging society, especially in
developed countries. Residents of long-term care facilities are a high-risk population for falls and fractures because
of their frailty and cognitive disorders. People with internal or external risk factors might fall more frequently. Internal
risk factors are endogenous features of each individual, most of which cannot be altered by intervention. On the
other hand, external risk factors are environmental conditions, which can be easily modified in many cases. After a
fall, the individual suffers an impact force. To reduce this impact force is an alternative measure to prevent fractures,
not falls. As an internal risk factor for fracture, bone mineral density (BMD) might become a target for treatment. For
that purpose, we have several effective medicines to increase BMD and reduce fracture rates. The most important
thing is that caregivers in long-term care facilities develop a better understanding of risk factors for falls and fractures
to reduce fall-related injuries of residents.

Introduction
Osteoporosis is the most important disease, along with cognitive
disorders, in the aging society, especially in developed countries. The
worst scenario of the course of osteoporosis is fracture, disability, and
death. Residents of long-term care facilities are a high-risk population
for falls and fractures because of their frailty and cognitive disorders
[1]. Approximately 5% of falls result in a fracture [2]. Thus, falls and
fall-related injuries are a major health problem for the older
population, especially in long-term care facilities. There are many risk
factors identified by previous studies for falls and fractures among
elderly persons (Figure 1) [3-5]. People have two kinds of risk factors
for falls, internal and external risk factors.
Internal risk factors (Figure 1A) are endogenous features of each
individual, most of which, such as sex, cannot be altered by
interventions. External risk factors (Figure 1B) are environmental
conditions that are easily reduced in many cases. Elderly persons with
such internal or external risk factors might fall more frequently
compared to ones without risk factors. The three most frequent
opportunities for falls have been reported to be tripping, slipping, and
being unaware of a step (Figure 1C). However, a recent observational
study showed that the most frequent cause of falling in long-term care
facilities was incorrect weight shifting, not tripping [6]. Using a video
capture system to detect real-life falls among residents living in two
long-term care facilities in Canada, 227 falls of 130 individuals were
captured. The investigators then analyzed the video images of these
falls. This finding suggests that a barrier-free strategy might be
powerless in preventing such falls in barrier-free facilities.
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Figure 1: Risk factors for fall and fracture among the elderly, A:
Internal risk factors for falls, B: External risk factors for falls, C:
Opportunities for falls, D: Factors for impact force, E: Factors that
cause a low bone mineral density
Fallers suffer an impact force to their body (Figure 1D). The impact
force on bone is determined by the thickness of subcutaneous tissue,
height of the fall, hardness of the ground or floor, and the protective
reaction. Although younger fallers usually support their body by
pushing their hands to the ground, older fallers with poor reflexes
receive direct hits to their bodies without a protective reaction. The
worst fractures associated with osteoporosis are hip fractures, and a
potentially cost-effective method of preventing hip fractures involves
the use of hip protectors to reduce the impact force on the hip [7-9].
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There is a risk factor for fractures related to bone itself. The strength of
bones to withstand the shock of a fall depends mainly on bone mineral
density (BMD) [10]. BMD isinfluenced by many factors. Factors that
induce a low BMD are shown in Figure 1E [11]. These factors include
various diseases and prescription drugs. High-energy impact to bone
with low BMD causes fractures based on the principle of balance.
If we could change such risk factors, the incidence of serious
injuries related to falls might decrease. What do we know? What can
we do? The most important point is that caregivers in long-term care
facilities may not be necessarily familiar with risk factors for fall and
fracture. In this mini review, the author will describe the results and
the limitation of previous reliable researches and show future
measures for caregivers to prevent fall and fracture in long-term care
facilities.

Internal risk factors for falls and fractures (Figure 1A)
A history of falls is the major independent predictor of future fall
risk, but it might be a result of several risk factors [1]. However,
caregivers should ask residents about past falls to identify a population
at risk [11]. It is well known that hip fractures occur in people with
physical inactivity or without obesity. Armstrong and colleagues
followed 925,345 postmenopausal women for 6.2 years and found
2,582 hip fractures that required hospitalization [12]. They reported
that the relative risk for hip fracture was significantly greater in lean
women than in obese subjects. However, for women in any categories
of body mass index (BMI), those performing physical exercise had a
lower risk for hip fractures than TV-watching women. The authors
could not find any interaction between BMI and physical activity for
the risk of hip fractures. This research was an observational study, and
it is unclear whether physical intervention has some sort of effect on
the prevention of hip fracture. However, if residents of a facility are
thin, exercises might be recommended. In the future we need to clarify
the type of exercise, only walking or more aggressive exercises, to
reduce fall and fracture for frail residents.
Among the internal risk factors listed in Figure 1A, only muscle
weakness might be improved by exercises. However, in a randomized,
controlled trial to evaluate the effectiveness of a multifactorial
intervention that had been recommended by an international
guideline [13], the intervention did not reduce the fall rate over one
year compared to usual care in subjects ≥ 65 years old with a high risk
of recurrent falling [14]. This multifactorial intervention in the trial
included withdrawal of psychotropic drugs, balance and strength
exercises by a physical therapist, home hazard reduction by an
occupational therapist, or referral to an ophthalmologist or
cardiologist. This result implies that the management of both internal
and external risk factors for falls might have no results for residents
with an ultra-high risk for falls. For such residents, we might be under
the necessity of selecting alternative measures such as medication or
hip protector to reduce fractures instead of fall prevention.

External risk factors for falls and fractures (Figure 1B)
It might be easier to control external risk factors for falls and
fractures, such as those listed in Figure 1B, compared to internal risk
factors (Figure 1A). Multifactorial evaluation and treatment of fall risk
factors, including the assessment and improvement of external risk
factors, might be effective. Keall and colleagues conducted a singleblind, cluster-randomized, controlled trial of households to test the
safety benefits of home modifications including setting up of
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handrails, grab rails, lighting, and slip-resistant surfacing for outside
areas [15]. After a median observation period of 1,148 days, the
intervention groups (436 households and 950 individual occupants)
showed a significant lower relative risk (0.74, 95% confidence interval:
0.58-0.94) of injuries caused by falls at home per year on multivariate
analysis compared to controls (406 households and 898 occupants). As
mentioned in the Introduction, multifactorial intervention for fall and
fracture prevention might not have the desired outcome [14].
However, caregivers should assess the environmental risks of facilities
and improve conditions to prevent resident falls and injuries.

Impact pressure (External hip protectors) (Figure 1D)
One way to reduce the impact force suffered by an individual might
be to make the floor soft. Recently, several shock-absorbing materials
have become available. However, for residents using a walker or
wheelchair, it must be recognized that a soft floor interferes with the
operation of these devices. Another alternative candidate for the
control of impact force against the body (hip) is an external hip
protector [7-9]. The hip protector consists of soft or hard shell pads
embedded in garments to shunt or absorb the impact force away from
the femur. Biomechanically, a hip protector can reduce the impact
force under the threshold level of hip fracture [16]. However, this has
not been confirmed by results of clinical trials using hip protectors to
prevent hip fractures [8,9], which can largely be explained by the poor
adherence and acceptance of hip protectors [9]. Garments of hip
protectors are tightly sewn to avoid slipping of the pad, which
complicates toilet behavior in the elderly. Hip protectors are more
effective for the elderly with a low BMI and a history of falls [7].
Furthermore, it is thought that hip protectors are more effective for
the prevention of hip fractures among residents in nursing care
settings compared to community-dwelling people, partially due to the
support by caregivers or health providers [9,17]. It has been reported
that the commitment, support, and motivation of the caregivers in the
facility are essential for the acceptance of hip protectors by the
residents [17]. A structured education program for caregivers
increased hip protector adherence and might reduce hip fractures in
nursing homes [18]. To improve acceptance and adherence of hip
protectors, a better understanding of the purpose and effectiveness of
hip protectors is needed. Although more randomized controlled trials
(RCTs) are required to prove the clinical efficacy of hip protector,
caregivers should identify candidates for hip protector user such as
residents with low BMI, history of falls, or severe frailty in long-term
care facilities.

Low bone mineral density (Figure 1E)
It is very difficult for caregivers to alter the conditions that cause a
low BMD. However, during the last decade, several potent antiosteoporotic medicines, including bisphosphonates, teriparatide, and
denosumab, have appeared [19]. These medicines dramatically
increase BMD and significantly reduce the incidence of hip or
vertebral fractures [19]. Screening is important for the effective use of
these medicines, and caregivers should identify a treatment group by
performing careful examinations, including the measurement of BMD.
They can use several screening tools to identify candidates for BMD
testing [11]. Caregivers should remember that the presence of vitamin
D is important to achieve the effects of these strong medicines [20]. To
maintain a sufficient vitamin D level, residents are recommended to
take vitamin D-rich foods, such as salmon or mushrooms, and be
exposed to sunlight.
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7.

The author believes that BMD could become the target for the
treatment of osteoporosis. A recent study revealed that a low BMD was
the most effective predictor of fracture after the cessation of treatment
with alendronate, one of the bisphosphonates [21]. On the other hand,
the author has not referred to the effects of bone metabolic markers or
bone quality. There is still little evidence to set these factors as targets
for the treatment of osteoporosis. At least, health care managers
should provide a chance for residents in long-term care facilities to
receive the examination to measure BMD. And they should consult
physicians for the treatment if residents show low BMD.

10.

Conclusion

11.

There are very many controllable or uncontrollable risk factors for
falls and fractures among the elderly. Because a slight fall can lead to a
bone fracture, fall prevention does not necessarily become fracture
prevention. Falls might not be prevented by the great efforts made by
caregivers in long-term care facilities. However, caregivers should
recognize the meanings of the risk factors for falls and fractures among
the elderly and the helpful measures to prevent falls and fractures,
because a better understanding of these factors may ultimately lead to
a reduction in the frequency and burden of fractures among older
adults in long-term care facilities.
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