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Now unto the King eternal, immortal, invisible,
the only wise God,
be honour and glory
for ever and ever.
Amen.
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Chapter One
Introduction
Every year increasing numbers of older people fall and break a hip. Hip
fracture is painful, usually requires an operation, and can result in disability
and an earlier death. It is also expensive for the health service and frequently
leads to a loss of independence for the person suffering the fracture. Efforts
to prevent hip fractures and other osteoporotic fractures target high-risk
groups with lifestyle advice, interventions to reduce the risk of falls, and,
where appropriate, drug treatments for osteoporosis (Royal College of
Physicians, 1999).
Alongside these established approaches, wearing external hip protectors is
increasingly advocated. Hip protectors are protective pads, usually fixed in
specially made underwear, designed to sit over the greater trochanter and
attenuate the force of a fall sufficiently to prevent a fracture. The high risk of
hip fracture experienced by residents of nursing and residential homes,
together with the difficulty in reducing the incidence of injurious falls in this
population, means residents of these homes are often seen as suitable
participants in research into the effectiveness of hip protectors. Early results
from trials in nursing and residential homes have been promising, and hip
protectors are now widely recommended in the health care literature and in
national guidelines (Royal College of Physicians, 1999; National
Osteoporosis Society, 2002). However, as with any new intervention, it is
important to test the effectiveness of hip protectors in an everyday service
environment. Hip protectors may be seen to work under ideal conditions but
will they work under the normal circumstances encountered “in the field”?
1

The research described in this thesis was designed to answer this question
for residents of nursing and residential homes in Northern Ireland, and to
identify factors that influence the effectiveness of this intervention. Many of
these factors will have relevance not only to the introduction and continued
use of hip protectors but to the implementation of other interventions and
practices.
This chapter will outline the incidence and consequences of hip fracture,
identifying the main risk factors and corresponding efforts to reduce that risk,
including the use of hip protectors. Finally, the aim of the study will be
described.

1.1

Incidence of hip fracture

Proximal femoral fractures, more generally termed “hip fractures”, can be
subdivided into intracapsular fractures (those occurring proximal to the
attachment of the hip joint capsule to the femur) and extracapsular (those
occurring distal to the hip joint capsule) (Parker et al, 2000). The world-wide
incidence of hip fracture in 1990 was estimated at 1.26 million (WHO 1994).
This figure is predicted to double to 2.6 million by 2025, and rise to 4.5 million
by the year 2050 (Gullberg et al, 1997). There are an estimated 57,000 hip
fractures a year in England and Wales (Audit Commission, 1995), with a
predicted increase of 70 to 90 percent in the United Kingdom by 2051 (Khaw,
1999). This prediction is based mainly on a projected increase in the
numbers of people aged 65 and over during this period, and may well be a
conservative figure in the light of evidence that the rate of hip fracture is
increasing more rapidly than can be accounted for by demographic changes
alone (Gillet and Reginster, 1999; Kannus et al, 1999a).
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In Northern Ireland (population 1.7 million), the incidence of hip fracture
appears to be increasing more quickly than in England and Wales. It rose by
47 percent, from 1,100 in 1985, to 1,623 in 1997, and is projected to rise by
more than 70 percent, to 2,800, by 2016 (Beringer et al, 2000). However, it
should be noted that all such projections are highly sensitive to small changes
in incidence and so should be treated with caution (Martyn and Cooper,
1999).

1.2

Incidence and impact of hip fracture in residents of
nursing and residential homes

Typically, residents of nursing and residential homes have a greater number
and intensity of risk factors for hip fracture than non-institutionalised older
people. A greater proportion is female, and there is significant cognitive and
physical disability (Melzer et al, 1999). Residents are also likely to have a
relatively low bone mineral density, so that bones are more easily broken by
the force of a fall (Chandler et al, 2000; Wallace, 2000). A history of falling is
one of the main reasons for admission to a nursing or residential home
(Tinetti and Williams, 1997). Once in the home, residents are approximately
three times more likely to fall than older people living in private homes,
averaging 1.5 falls per bed, per year (Rubenstein et al, 1994). Furthermore, it
appears that the usual methods of reducing the risk of injurious falls may be
ineffective in this group (Gillespie et al, 2001). Given all this, it is not
surprising that residents have been estimated to be three to seven times
more likely to suffer a hip fracture than non-institutionalised older people
(Ooms et al, 1994; Slemenda, 1997; Norton et al, 1999).

3

1.3

Mortality, morbidity and suffering after hip fracture

1.3.1

Mortality

A recent audit of outcomes for 580 patients with hip fracture, admitted to eight
hospitals in the East Anglian area of England, measured mortality at 90 days
at 18 percent (Todd et al, 1995). Other studies have measured six-month
mortality at 28 percent (Keene et al, 1993) and mortality at one year of
between 12 and 37 percent (Lyons, 1997). In Northern Ireland, a recent audit
of 959 patients admitted to the Royal Victoria Hospital in Belfast following hip
fracture (Beringer et al, 2000) found that mortality was 6.2, 16.5, 19.5 and
29.5 percent at one, four, six and 12 months, respectively. All of these
figures for mortality require careful interpretation, as most of the researchers
have not recruited a control group. An American study which did include a
control group (Wolinsky et al, 1997) showed a significant increase in the
mortality of older people who suffered hip fracture, compared to those who
did not, during the first six months following fracture, but not over the whole
eight-year study period.
1.3.2

Morbidity

One audit of the immediate postoperative period following surgery for hip
fracture showed that six percent of patients suffered thromboembolism, seven
percent had wound infections, nine percent developed pneumonia, 11
percent a urinary tract infection, and 22 percent developed pressure sores
(Todd, et al, 1995). Older women greatly fear the loss of independence
associated with hip fracture (Salkeld et al, 2000) and their fears are not
groundless. Older people who suffer hip fracture are more likely than those in
a control group to require subsequent hospital admission and to suffer
limitations in activities of daily living (Wolinsky et al, 1997). One year later the
majority of survivors are also likely to be less mobile than before the fracture,
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and up to 40 percent will have been admitted to nursing or residential homes
(Keene et al, 1993).
1.3.3

Suffering

The immediate postoperative period can be characterised by severe pain,
delirium, anxiety and lack of sleep (Bowman, 1997; Morrison and Siu, 2000).
Pain can persist for several years (Lyons, 1997), and even women who return
successfully to their own homes report continuing pain and fatigue, together
with feelings of unwanted dependency, loss of control, impatience and fear of
falling (Robinson, 1999).

1.4

Costs of hip fracture

Every year there are an estimated 310,000 osteoporotic fractures in the UK,
resulting in considerable suffering and disability for individuals, at an annual
estimated cost to health and social services of £1.7 billion. Thirty-one percent
of treated fractures are hip fractures, 31 percent are wrist fractures, and 10
percent are vertebral fractures, with 26 percent at other sites (National
Osteoporosis Society, 2002). Hip fractures account for the greater part of the
resources utilised, with the total cost of each hip fracture in the UK (estimated
at £12,000 – £20,000) much higher than those of wrist, vertebral and other
fractures (estimated at £468, £479 and £1338, respectively) (Dolan and
Torgerson, 1998).

1.5

Causes of hip fracture

1.5.1

Spontaneous hip fractures
5

Very few hip fractures occur “spontaneously.” Spontaneous hip fractures
have been defined as those where the patient reports that they did not fall
prior to the fracture (Horiuchi et al, 1988; Nyberg et al, 1996; Norton et al,
1997) or those where the fracture was preceded by pain in the affected hip
(Michelson et al, 1995; Parker and Twemlow, 1997). These five studies
reported spontaneous hip fracture rates of between one and five percent, the
remainder occurring as a result of a fall. Pooling the numbers in these
studies provides a figure of 125 spontaneous hip fractures amongst the 3,524
hip fractures reported - a rate of 3.5 percent.
1.5.2

Hip fractures occurring as a result of a fall

Of those hip fractures that are the consequence of a fall, the great majority
occur as a result of the impact of a fall onto the greater trochanter (Hayes et
al, 1993; Parkkari et al, 1999). Therefore, factors that are associated with an
increased risk of hip fracture can be clustered as:
•

factors that increase the risk of falling

•

factors that reduce the strength of the bone

•

factors that modify the impact of the fall on the bone

These are discussed in more detail below.
1.5.3

Factors that increase the risk of falling

A fall can be defined as
“a sudden, unintentional change in position causing an individual to
land at a lower level, on an object, the floor or the ground, other
6

than as a consequence of sudden onset of paralysis, epileptic
seizure, or overwhelming force.” (Feder et al, 2000, P. 1007)
Upright movement in humans requires a complex and constantly changing
integration of spatial awareness, balance, multiple sensory input, and
accurate regulation of muscle tone and contraction. Consequently, many
diseases and disabilities associated with ageing can lead to falls (Kroker,
1999). A number of factors have been associated with an increased risk of
falling in older people. These include environmental hazards, some
medications, impaired neuromuscular function, cognitive impairment, and
reduced visual acuity (Effective Health Care, 1996; Slemenda, 1997).
The risk of falling increases with age, with about one third of the population
aged 65 and over falling at least once a year. Between five and ten percent
of falls result in injury, and the most common serious injuries are fractures,
which account for 40 percent of deaths from injury and over half of injury
admissions to hospital (Rubenstein et al, 1994; Effective Health Care, 1996).
It would appear that the incidence of falls may well increase (Kannus et al,
1999a).
1.5.4

Factors that reduce the strength of the bone

The principle cause of reduced strength in bone is osteoporosis. This can be
defined as, “a skeletal disorder characterized by compromised bone strength
predisposing a person to an increased risk of fracture.” (NIH Consensus
Development Panel on Osteoporosis, 2001, P. 787). Osteoporosis can be
further categorised as either primary or secondary. Primary osteoporosis
usually occurs in women after the menopause, and in men later in life, whilst
secondary osteoporosis occurs as a result of medications or disease. Low
bone mineral density is recognised as a diagnostic marker for osteoporosis.
Predictors of low bone mineral density include female sex, increased age,
7

oestrogen deficiency, white race, low weight and body mass index, family
history of osteoporosis, smoking, and previous fracture (Cooper, 1993; NIH
Consensus Development Panel on Osteoporosis, 2001). Low bone mineral
density is therefore associated with an increased risk of hip fracture (Cooper,
1993; Cummings et al, 1993; Slemenda, 1997) in both men and women –
although men appear to reach similar levels of fragility about five years later
than women (De Laet et al, 1997).
1.5.5

Factors that modify the impact of the fall on the bone

Reduced body mass index is associated with an increased risk of hip fracture,
perhaps because there is reduced soft tissue over the greater trochanter and
therefore decreased absorption of the impact of the fall (Greenspan et al,
1994; Grisso et al, 1994; Cummings et al, 1995). However, this may also be
due to an association between low body weight and low bone mineral density
(Greenspan et al, 1998). The direction in which a person falls is also
important, with falls to the side (in contrast to falls forward or onto the
buttocks) increasing the risk of hip fracture (Greenspan et al, 1994, 1998;
Slemenda, 1997).

1.6

Preventing hip fracture

Measures taken to prevent hip fracture mirror the causes of hip fracture.
These can be divided into measures that reduce the risk of falling, those that
increase the strength of the bone, and those that reduce the impact of a fall
upon the bone.
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1.6.1

Reducing the risk of falling

Two recent reviews (Feder et al, 2000; Gillespie et al, 2001) identified a
number of interventions that are likely to be successful in reducing the risk of
falls. These are:
•

a programme of muscle strengthening and balance retraining,
individually prescribed at home by a trained health professional

•

Tai Chi classes (including balance training) with individual tuition

•

home hazard assessment and modification, that is professionally
prescribed for older people with a history of falling

•

withdrawal of psychotropic medication

•

multidisciplinary, multifactorial, health and environmental risk factor
screening and intervention programmes (Gillespie et al, 2001)

•

individually tailored exercise programmes administered by qualified
professionals targeted at those over 80 years of age

•

multifactorial interventions, including correction of postural
hypertension, rationalisation of drugs, and interventions to improve
balance, transfers and gait

•

structured, interdisciplinary intervention by doctors and occupational
therapists with older people who present at the accident and
emergency department with a fall

•

risk assessment, and referral to their primary physician for specific
preventive measures, of residents of nursing and residential homes
with a history of a fall (Feder et al, 2000)

The common threads running through most of these interventions are that
they are targeted at those at risk; they are structured, multidisciplinary, and
multifactorial. Even those interventions that target single risk factors may
have an unintended multifactorial component, possibly because they raise
9

general awareness of fall risks (Gillespie et al, 2001). Although these
interventions have been shown to reduce the risk of falls, they have not yet
been shown to produce a significant reduction in the risk of injurious falls, in
either the community or in nursing and residential homes (Tinnetti et al, 1994;
Ray et al, 1997; Gillespie et al, 2001).
1.6.2

Increasing the strength of the bone

Bone accumulation is not complete until the third decade of life. It is
influenced by genetic factors, nutrition, body weight, exposure to sex
hormones at puberty, and physical activity (NIH Consensus Development
Panel on Osteoporosis, 2001). Maintaining bone in later life can be achieved
through adequate intake of calcium and vitamin D, high impact exercise, and
hormone replacement therapy for women. Other medical treatments (such as
bisophonates, selective oestrogen receptor modulators, and calcitonin) also
show promising effects (Slemenda 1997; Levinson and Altkorn, 1998; NIH
Consensus Development Panel on Osteoporosis, 2001) and are
recommended as treatment choices by the Royal College of Physicians of the
United Kingdom where there is a diagnosis of low bone mineral density
(Royal College of Physicians, 1999).
1.6.3

Reducing the impact of a fall upon the hip – external hip
protectors

The great majority of the clinical studies of external hip protectors report a
significant reduction in the rate of hip fracture when hip protectors are used
(Lauritzen et al,1993; Jantti et al, 1998; Hindso and Lauritzen, 2000; Chan et
al, 2000; Kannus et al, 2000; Harada et al, 2001) and only Kannus et al,
(2000) and Meyer et al (2003) report hip fractures when the hip protector was
worn. The only adverse effects reported are skin irritation (Ekman et al, 1997;
Kannus et al, 2000) and needing more help when using the toilet (Jantti et al,
10

1998). However, many of the studies suffer from low power, either because
of small absolute numbers or (in the case of the larger studies) because of
failure to take their randomisation by cluster (rather than by individual) into
account when determining sample size and analysing results.
All the studies focus on populations at high risk of suffering a hip fracture:
either older people in residential care homes (Lauritzen et al,1993; Jantti et
al, 1998; Chan et al, 2000; Kannus et al, 2000; Harada et al, 2001; Cameron
et al, 2001, Meyer et al, 2003) or those with previous hip fracture (Hindso and
Lauritzen, 2000; Torgerson and Watt, 2002). Consequently, these studies do
not provide strong evidence for use of hip protectors in other populations.
All studies report problems persuading older people to wear the hip
protectors. Greater use of hip protectors appears to be associated with:
•

a history and present experience of falls

•

a perception, among both wearers and care staff, of the wearer being
at increased risk of falling and fracturing the hip

•

female sex

•

reduced mobility

•

positive attitudes towards hip protectors amongst staff

Reduced use of hip protectors is associated with:
•

a lower perception of risk

•

a belief that hip protectors are ineffective in preventing hip fracture

•

discomfort when wearing hip protectors

•

difficulty in managing the garment when using the toilet

•

male sex

•

night-time
11

•

negative staff attitudes

It is likely that hip protectors reduce the risk of hip fracture in high risk
populations, but the magnitude of the reduction has not been clearly
established. Acceptability of hip protectors is influenced by real and
perceived risk of hip fracture amongst wearers and care staff, various
characteristics of wearers, the design of the garment, and the commitment of
care staff. The overall effectiveness of hip protectors depends on their
efficacy in reducing the impact of a fall on the greater trochanter, their
acceptability to wearers, and the degree to which the organisational and
social context supports their use.

1.7

The aim of the study

The present study is intended to evaluate the effectiveness of a policy of
making hip protectors available free of charge in nursing and residential
homes, and supporting the implementation process by employing a nurse
facilitator to encourage staff in the homes to promote their use. An attempt
has been made to take an approach that might be used by a Health and
Social Services Board or other provider of health services, so the results of
the study should be of interest to such bodies, as well as managers of nursing
and residential homes, individual practitioners, and residents of nursing
homes.
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Chapter Two
Evaluating the effectiveness of hip protectors
The effectiveness of hip protectors depends not only on their efficacy in
reducing the impact of a fall on the greater trochanter, but on the
characteristics of those who are likely to wear them, and on the social and
organisational environment in which they are worn. Consequently, it is vital
that the methods employed in evaluating their use reflect the complexity of
the processes through which the hip protectors are introduced and the
context in which residents wear them.

2.1

The approach to evaluation: health services
research

A study designed to evaluate the effectiveness of hip protectors in a normal
service environment sits best within the paradigm of health services research.
Health services research can be defined as “the investigation of the health
needs of the community and the efficiency and effectiveness of the provision
of services to meet those needs” (Medical Research Council, 2002, P. 1). It
includes a major focus on the structure, processes and outcomes of health
services, recognising that
“How and why technologies and other interventions are
implemented depend on a broad range of political, economic,
professional, and attitudinal factors that may have little to do
with their value or efficiency.” (Mechanic, 2001, P. 462)
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Thus, the effectiveness of hip protectors will depend only partly on their
efficacy in preventing hip fracture. Other human, social and contextual
factors will exert a vital influence. Health services research seeks to identify
these factors in order to allow rational decisions about methods of
implementation.
The implementation process itself is crucial to the use of the hip protectors. A
conceptual framework for implementation will be described, linked to insights
from the fields of health promotion and behaviour in organisations. The older
people in question are residents of nursing and residential homes living in
small communities with their own norms, roles, and cultural practices.
Therefore, the culture of the homes must be taken into account in any
analysis of how residents use hip protectors. This culture is profoundly
affected by the way in which the home is organised and run, so the
organisational factors that may affect residents and staff will also be
examined.
Wearing hip protectors is behaviour intended to reduce the risk of hip
fracture, and can therefore be described as preventative health care.
Consequently, the approaches to introducing the hip protectors, and the
responses and decisions of residents and their carers, can be described and
analysed in terms of the theory and practice of health promotion, particularly
health promotion in an organisational context.
In summary, this account of the context for the study will locate the evaluation
of hip protectors under the broad umbrella of health services research,
drawing on insights from the literature on health promotion and the sociology
and management of nursing and residential homes. The relationship
between the context for implementation and the methods of evaluation will be
described.
14

2.1.1

The roots of health services research

Thirty years ago, in his book Effectiveness and efficiency: random reflections
on health services, Cochrane made a distinction between effectiveness and
efficiency (Cochrane, 1972). He defined effectiveness as the ability of a
particular medical action to alter the natural history of a particular disease for
the better as measured in a randomised controlled trial (RCT). He contrasted
this with efficiency, which is the effectiveness of a medical action applied in
routine clinical practice in a defined community. Cochrane commented:
“Between the scientific measurements based on RCTs and the
benefit measurements at two levels of cost in the community
there is a gulf which has been much under-estimated. Those
patients participating in RCTs are nearly always selected from
the general population of patients. Different strategies of
management may be needed to achieve levels of effectiveness
comparable to those reached in the RCTs.” (Cochrane, 1972,
P. 2)
Cochrane (1972) recommended greater use of RCTs in measuring the
effectiveness of treatments but also argued that the same methods should be
used to measure the efficiency of such treatments. He called this “applied
medical research,” and suggested that the efficiency of effective treatments
should be investigated to throw light on the optimum time, place, duration,
and setting for that treatment.
In a confusing development, the intervening years have seen Cochrane’s
terms (though not his ideas) modified in the healthcare literature. For
example, the Cochrane Collaboration (an international group named in
honour of Cochrane and dedicated to the systematic review of randomised
controlled trials) defines effectiveness as the “extent to which a specific
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intervention, when used under ordinary circumstances, does what it is
intended to do.” (Cochrane Collaboration, 2001, P.10). In its focus on
“ordinary circumstances”, this definition is closer to Cochrane’s idea of
efficiency. The Cochrane collaboration also uses the term “efficacy”, defined
as the “extent to which an intervention produces an ideal result under ideal
conditions” (Cochrane Collaboration, 2001, P.10), which approximates to
Cochrane’s idea of effectiveness. Current usage will be applied in this thesis.
Despite these later confusions, Cochrane’s book served to bring such
questions and issues to a wider public in Europe and especially in the United
States of America, where health services research was gradually developing
as recognised field of enquiry (White, 1997).
2.1.2

Health services research today

Health services research has been defined as “the discipline which seeks
knowledge which will lead to improvements in the delivery of health care.”
(Crombie and Davies, 1996, P. 4). New technologies and techniques, new
ways of organising and delivering health care, are constantly being
developed, and the associated costs and benefits need to be evaluated
(Briggs and Gray, 1999). Health services research brings to bear the
methods of clinical science to answer questions of effectiveness, cost, quality,
equity of access, and acceptability to patients and clients. To achieve this,
the appropriate methods of investigation must be used in settings that are
generalisable to everyday practice. An intervention may promise efficacy in
laboratory studies, yet prove ineffective once exposed to the multiplicity of
factors present in normal service environments. Therefore, to use the
Cochrane Collaboration’s (2001) classification, the effectiveness of an
intervention may be studied in one way, and its efficacy in another.
Figueredo and Sechrest (2001) see these differences in approach at either
end of a continuum:
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“On one end is an assessment of outcome of application of a
procedure under tightly controlled, experimentally ideal,
conditions, usually requiring substantial restrictions on samples,
context, and variations in treatment. On the other end of the
continuum is an assessment of application of a procedure as it
would actually be employed in the field, usually with very few
restrictions on samples, context, and treatment variations.” (P.
42)
Health services research lies at the latter end of this continuum, underlying
this evaluation of the effectiveness of hip protectors as they might actually be
employed “in the field.”

2.2

A conceptual framework for implementation

How should hip protectors be employed in the field? Kitson et al (1998)
propose a conceptual framework for enabling the implementation of
evidence-based-practice in healthcare. Using evidence from case studies
describing nursing and multi-disciplinary projects, they suggest that
successful implementation depends equally on three core elements: the level
of evidence, the method of facilitating the change, and the context into which
the evidence is being implemented.
2.2.1

The level of evidence

Kitson et al (1998) argue that evidence is derived from research, clinical
expertise, and patient choice. These concepts can be described according to
their value in supporting effectiveness. High value research evidence
consists of randomised controlled trials, systematic reviews and evidencebased guidelines. Low value research evidence is anecdotal and descriptive
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information. Similarly, clinical experience may reflect high levels of
consistency and consensus, or divided expert opinion. Patient preferences
may be included through a high value systematic process of allowing input
into decision-making, or be completely overlooked.
2.2.2

The method of facilitating the change

Facilitation is defined as “the type of support required to help people change
their attitudes, habits, skills, ways of thinking, and working.” (Kitson et al,
1998, P. 152). Facilitation is affected by the personal characteristics of the
facilitator, the clarity they and others have about the role, and the style of the
facilitator. Desirable facilitator characteristics are the ability to show respect
and empathy, and to act with authenticity. A clear understanding of the
facilitator’s role is needed in terms of their right of access to the organisation,
their authority, position, and agenda for change. The facilitator’s style should
be flexible, and they should be present consistently and at appropriate times.
2.2.3

The context into which the evidence is being implemented

Context is defined as the setting in which the change is to be implemented.
Context is affected by the organisational culture, the style of leadership, and
the level of evaluation (McCormack et al, 2002). A culture that is supportive
of necessary change has a well-defined set of values, promotes learning as a
team activity, emphasises relationships and teamwork, and rewards good
performance. Leaders should be capable of inspiring staff with a shared
vision and empowering them to achieve their goals (known as
“transformational leadership”). Evaluation should make use of multiple
methods to provide feedback on individual, team and system performance.
Kitson et al (1998) suggest the evidence is more likely to be implemented
where a full complement of desirable factors are present in all three elements.
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Conversely, high quality evidence may not be implemented where context or
facilitation are inadequate. This is consistent with the conclusions of a recent
systematic review of approaches to getting evidence into practice, which
states:
“Whilst individual beliefs, attitudes and knowledge influence
professional behaviour, other factors including the
organisational, economic and community environments of the
practitioner are also important.” (Effective Health Care, 1999, P.
1.)
The organisational and community context affects not only the behaviour of
professionals and care staff but also the response of individuals to health
promotion initiatives – such as the offer of hip protectors.

2.3

The context for implementation: nursing and
residential homes

A nursing home can be defined as “an establishment which provides
residential and nursing care for sick, disabled or elderly infirm people,
including the elderly mentally ill.” (Royal Commission on Long Term Care,
1999, P. XXIV). A residential home can be similarly described, except that
nursing care is not included. In 1999 there were an estimated 157,500
people in nursing homes and 288,750 in residential homes in the United
Kingdom (UK); a total of 446,250. This represents approximately one in 20 of
all people over 65 years, at an annual cost of over £8 billion. The total
number of people over 65 years in the UK is expected to keep growing until
2030, with the number of people 85 years and over peaking at three times the
present number in 2050. Thus, the number of people requiring long term
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residential care is likely to continue to rise for the foreseeable future (Royal
Commission on Long Term Care, 1999). It is estimated that nearly one sixth
of those aged 65 years or older in England and Wales are physically or
mentally disabled. This figure rises to 99 percent in nursing and residential
homes, including 46 percent who are cognitively impaired. Fifty-six percent of
residents are aged 85 years or older and 79 percent are women (Melzer et al,
1999).
2.3.1

Nursing and residential homes in Northern Ireland

In 2001, there were 11,212 people in Northern Ireland receiving long-term
care: in residential homes managed by the health and social services boards,
and in nursing and residential homes managed by charitable organisations, or
private individuals and companies (Table 2.1). Approximately 90 percent of
residents had a limiting long-term illness (Northern Ireland Statistics and
Research Agency [NISRA], 2001). In 2001, the population of Northern
Ireland was nearly 1.7 million, of whom 223,325 (13 percent) were 65 years
or older (NISRA, 2001). The number of those aged 65 years or older is
predicted to rise by more than 60 percent by 2023 (Northern Ireland Ageing
Population Panel, 2001), so the number of people in nursing and residential
homes is likely to continue to rise.
Table 2.1

Older people receiving long-term care in Northern
Ireland (2001)

Type of home

Number of residents

Percentages

Residential (HSSB)

1,387

12

Residential (non-HSSB)

3,038

27

Nursing (non-HSSB)

6,787

61

Total

11,212

100

(Adapted from NISRA, 2001).
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2.4

The culture of nursing and residential homes

Eaton (2000) argues that the organisational culture of nursing and residential
homes is vitally affected by the managers’ philosophy of care. However, this
philosophy of care is itself partly determined by existing organisational and
societal structures, values and beliefs. In the context of homes in the United
Kingdom, this means that managers’ styles and the existing culture in the
homes will exert a reciprocal influence: the manager shaping the home, but
the existing culture of the home influencing the manager. For this reason, a
full understanding of the culture of residential and nursing homes must
include an appreciation of how the historical roots of residential care affect
present practice.
2.4.1

The historical development of nursing and residential
homes

In a seminal study, Townsend (1962) traces the development of nursing and
residential homes from their origin in the workhouses of the nineteenth
century. Poor Houses existed from Elizabethan times, but the growing
numbers of citizens needing public relief, together with the rising costs of
provision, drove Parliament to pass the Poor Law Amendment Act of 1834.
This regularised the provision of support through institutions known as
workhouses. Here, the able-bodied poor of all ages were allowed to live,
subject to the obligation to work hard for their keep. The general principle
was that they should have a standard of living slightly lower than that of the
poorest labourers in ordinary employment, in order to encourage them to
leave the workhouse as soon as possible. In the absence of any other
provision, the sick and aged were drawn into this system, where there were
few special arrangements for older people. In fact, the harsh conditions of
the workhouse were intended as a deterrent, aiming to stimulate older people
and their families to make their own arrangements for support in old age.
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Even so, by 1909 there were 140,000 people over 60 years of age in Poor
Law institutions, most of them living in crowded dormitories, with no useful
occupation and few comforts, and representing around 45 percent of the total
population in workhouses.
In the early years of the twentieth century, separate provision for children and
mothers removed many younger people from the Poor Law system.
However, between 1909 and 1946 the number of people in the United
Kingdom over 65 years more than doubled, so that the numbers of older
people in workhouses actually increased. Conditions had hardly changed
from the nineteenth century, with inadequate accommodation and harsh
rules, producing apathetic residents.
2.4.2

Post-war changes

The National Assistance Act of 1947 saw a renewed impetus to reform
residential provision for older people. A drive to provide smaller homes
accommodating 30 to 35 residents resulted in 39,000 new places between
1948 and 1960, but large increases in the number of people over 75 years
over the same period limited the impact of these improvements. Townsend’s
original research (Townsend, 1962) consisted of fact-finding visits to a
random sample of 173 homes in England and Wales from October 1958 to
October 1959, together with interviews with several hundred chief welfare
officers, matrons, wardens and elderly residents. He found a wide range of
practice and facilities. At one end of the continuum, forming 33 percent of the
sample, were institutions converted from the old workhouses with between
100 and 250 or more beds. They retained forbidding buildings and austere
interiors, with large, overcrowded dormitories, few staff, little privacy and strict
routines. At the other extreme, forming 30 percent of the sample, were
homes with 30 or fewer beds built for the purpose by local authorities, or run
by a voluntary association or private individual. These might be situated near
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town centres, or in desirable country locations, and contain well-quipped
communal areas and comfortable single bedrooms. Staffing levels were
adequate, and to a certain degree, residents were able to follow their own
routines. Between these extremes were homes with between 30 and 100
beds, usually in buildings converted for residential use after the Second
World War by local authorities and voluntary associations. Typically, the level
of comfort and standard of amenities was better than the large institutions,
but not reaching the levels of the smaller homes. Bedrooms were for three to
six persons. In all homes, residents enjoyed a regular diet, warmth, a degree
of comfort and supervision. However, Townsend summarised the general
effect of the prevailing conditions on the residents as,
“…loss of occupation, isolation from family, friends and
community, difficulty in forming more than tenuous relationships
with members of the staff and other residents, loneliness, loss of
privacy and identity and collapse of powers of selfdetermination.” (Townsend, 1962, P. 434)
Townsend argued that the whole system of communal homes was failing
older people. He recommended that a network of services designed to help
people remain in their own homes should replace most residential care.
2.4.3

Developments since the 1960’s

Peace et al (1997) take up the history from the 1960’s to the present. They
note the piecemeal response to Townsend’s recommendations, and chart the
various attempts by successive governments to rationalise provision for frail
elderly people. The radical, “market-driven” policies of Conservative
governments from 1979 onwards led to a transformation of the providers of
long-term care. Peace et al (1997) present figures to show that in 1976 five
out of every six persons accommodated in English residential homes were in
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public sector homes. By 1992, this position was reversing, with two out of
every three living in private residential homes. This development was driven
by changes in government policy that allowed many older people on low
incomes to enter private residential homes and claim public funding for the
fees, without having their care needs assessed by the local authority. Over
this same period, the total number receiving long-term care more than
doubled, leading to a massive increase in social security payments.
Consequently, from 1993 local authorities took over the responsibility for
assessment and placement of older people funded by public money. The
resultant shrinkage in the sector was offset by a reduction in long-stay
geriatric and psycho-geriatric beds in the NHS – a 30 percent decrease
between 1989 and 1994 - with a consequent growth in the numbers of private
nursing homes. The quality of care in homes was controlled through a
system of regulation and inspection.
2.4.4

Nursing and residential homes today

Surveying contemporary provision of residential care, Peace et al (1997) note
that 40 percent of private homes are owned by individuals, often married
couples. Corporate providers, defined as individuals, partnerships and
voluntary sector organisations with three or more homes, own thirty percent.
The remainder are run by voluntary organisations. The majority of homes
have fewer than 30 places, 74 percent of them in single rooms, 25 percent in
double rooms, and only one percent in rooms with more than two beds. In
1999 there were an estimated 157,500 people in nursing homes and 288,750
in residential homes in the United Kingdom (UK); a total of 446,250 (Royal
Commission on Long Term Care, 1999).
Untrained, often part-time, female care assistants give most care in homes.
They are supervised by managers with nursing or social work qualifications.
Increasingly, care assistants are gaining National Vocational Qualifications in
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care, but they remain on low pay, and staff turnover is high, often 100 percent
a year (Peace et al, 1997). Whilst some residents see residential care as a
positive step, the majority enter homes because they believe they have no
alternative. If possible, they would prefer to remain in their own homes. This
reluctance centres on a feared loss of autonomy, caused by the individual
resident’s needs and choices being lost amidst the routines and group
practices of the home. On the other hand, government policy on residential
care stresses the importance of individualised care and respecting the
autonomy of residents (Peace et al, 1997). The degree to which residents’
autonomy is supported or undermined by practices within the homes, and the
implications of this for the introduction of hip protectors into the homes, are
discussed below.

2.5

The “total institution”

Analysis of how institutions affect their residents has been greatly influenced
by the work of Erving Goffman. His book Asylums (1962), based on studies
of patients in mental hospitals, describes how patients are affected by
admission to what Goffman terms a “total institution.” Goffman identified five
groupings of total institutions, including those “for persons felt to be both
incapable and harmless” (Goffman, 1962, P. 4), such as the aged. He
defines and describes a total institution in the following words:
“A basic social arrangement in modern society is that the
individual tends to sleep, play and work in different places with
different co-participants, under different authorities, and without
an over-all rational plan. The central feature of total institutions
can be described as a breakdown of the barriers ordinarily
separating these three spheres of life. First, all aspects of life
are conducted in the same place and under the same single

25

authority. Second, each phase of the member’s daily activity is
carried on in the immediate company of a large batch of others,
all of whom are treated alike and required to do the same thing
together. Third, all phases of the day’s activities are tightly
scheduled, with one activity leading at a pre-arranged time into
the next, the whole sequence of activities being imposed from
above by a system of explicit formal rulings and a body of
officials. Finally, the various enforced activities are brought
together into a single rational plan purportedly designed to fulfil
the official aims of the institution.” (Goffman, 1962, P. 5-6)
The effect of such institutions on their members is to reduce autonomy, selfworth and individuality, by using rewards and sanctions to induce passivity,
humiliation and conformity. Given that residential and nursing homes in the
United Kingdom have their roots in the workhouse system, and that highly
dependent residents rely on a largely transient, untrained workforce, it would
not be surprising if some aspects of the total institution could be found in
contemporary homes. Is this the case?
2.5.1

Are nursing and residential homes “total institutions”?

Higgs et al (1998) used a questionnaire to measure the satisfaction of a
representative sample of 850 residents of 36 nursing homes in the South
West Thames Regional Health Authority area in the United Kingdom.
Cognitive or other deficits prevented the majority from responding but 377
were able to complete the questionnaire in a face-to-face interview. The vast
majority of residents reported high levels of satisfaction with items measuring
relations with staff, autonomy, amenities, privacy and the social environment.
Higgs et al (1998) challenge the accepted thesis that older people experience
negative consequences from being controlled by the institutions in which they
live. Rather, they argue that older people may be well aware of their need to
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depend on others and actively embrace the relative security and support
available in the homes:
“While this dependency presents opportunities for control by
those providing care, to maintain that this is what always occurs
is wrong. Such an approach reduces older people to the
position of ciphers…They may be grateful…but they know that
their physical limitations would place them in these
circumstances no matter where they were being cared
for…Consequently, it is not surprising that…our sample of
elderly and dependent residents have high levels of satisfaction
with institutional care because, here, at least they are receiving
care.” (Higgs et al, 1998, P. 204)
This view is supported in a study by Mattiasson and Andersson (1997). They
interviewed 60 cognitively competent residents of 13 nursing homes in
Sweden searching for discrepancies between individual priorities and what
was possible in the institution. They found that residents ranked the quality of
their relationships with staff and each other as more important than having
flexible routines, and that they were generally satisfied with their care. On the
other hand, a recent review of the literature related to the social environment
of nursing homes in Europe and the United States (Jacelon, 1995)
demonstrates that some aspects of the total institution are still present. High
levels of dependency amongst residents, loss of control over personal
decisions, a focus on residents’ medical and physical problems (to the
detriment of social and psychological care), the subjugation of individual
needs to the routines of the home, and unequal relationships between
residents and staff, are widespread. The difficulty older people experience in
maintaining meaningful autonomy in nursing and residential homes is well
documented (Tobin and Lieberman, 1976; Phillips et al, 1988; Dixon, 1991;
Gamroth et al, 1995).
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It is possible that these conflicting accounts can be explained by the low
expectations of older people, their resignation to the apparently inevitable
decline in their quality of life, and fear that critical comments will lead to
reprisals by staff (Townsend, 1962; Jacelon, 1995; Peace et al, 1997).
However, whether residents are satisfied or not, what is clear from all
accounts is that they are relatively powerless. Their satisfaction depends
largely on the actions of staff and their autonomy must be facilitated by staff.
Every recommendation for improvement in the literature is directed at staff or
those who manage them; none are directed towards the residents, thus
implicitly recognising their inability to control their environment. The
implication for promoting the use of hip protectors amongst residents is clear:
this must have the active support of staff, or it will fail.

2.6

Health promotion and the implementation process

As noted above, the process of introducing the hip protectors can be
discussed in terms of the concepts and methods of health promotion. The
World Health Organisation (WHO) defines health promotion as the process of
enabling people to increase control over, and to improve, their health (WHO,
1986).
2.6.1

The historical development of approaches to health
promotion

An understanding of present approaches to health promotion is aided by an
appreciation of their historical development. The roots of health promotion in
the United Kingdom lie in the social and environmental changes produced by
the industrial revolution in the early nineteenth century. The mechanisation of
the means of production led to the transfer of work from the home to the
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factory, and a movement of population from the countryside to the city.
These changes gave rise to fears amongst the educated classes that the very
fabric of society was crumbling. Traditional relationships based around
family, church and the mutual responsibilities of employers and employees
were undermined, leading to rising crime and disorder. Appalling living
conditions in the cities, coupled with widespread child labour, resulted in an
increase in the death rate and in infectious disease. Employers and
reformers joined forces to rescue the poor from moral and social decline,
forming temperance clubs, work-based educational schemes, insurance
associations, and sponsoring suitable cultural pursuits. Middle class women
were encouraged to visit the homes of the poor to teach sobriety, economy,
and hygiene through their Christian example (Baly, 1995).
By the mid-nineteenth century, the government had stepped in to develop its
own policies on public health. These took the form of laws aimed at ensuring
clean water, effective sanitation and suitable housing as the prerequisites to
health. This emphasis on social factors and the environment was succeeded
in the early twentieth century by an increasing focus on the health of
individuals, principally expressed through vaccination and immunization
programmes. Increasingly the biomedical aspects of disease were
emphasised, with fresh attention paid to the lifestyle of the individual.
Concentrating on individual behaviours naturally led to efforts to change
those behaviours, primarily through providing information on the ingredients
of a healthy lifestyle and encouraging individuals to make the necessary
adjustments. With the establishment of the Central Council for Health
Education in 1927, education became the dominant path to improving health.
Relatively little attention was given to social and environmental influences on
health (Bunton and Macdonald, 1992). This trend continued into the 1960s,
with a continued emphasis on individual health behaviour in relation to such
issues as family planning, venereal disease, accident prevention,
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immunization, cervical smear checks, weight control, and consumption of
cigarettes and alcohol.
2.6.2

The community as a context for health promotion

In the 1970s, evidence was emerging linking unhealthy behaviour with social
and environmental factors beyond the control of the individual, particularly
amongst the poor (Baric, 1994; Midha and Sullivan, 1998; Ewles and Simnett,
1999). This led to a renewed interest in modifying social structures as a
means to empowering people to take control of their health. The World
Health Organisation took a leading role in advocating the new approach,
stating at the 1978 Alma Ata conference that
“A main social target of governments, international
organisations and the whole world community in the coming
decades should be the attainment by all people of the world by
the year 2000 of a level of health that will permit them to lead a
socially and economically productive life.” (WHO, 1978, P. 1:
Section V)
This new approach, known as health promotion, included health education
but went beyond recommending changes by individuals, and addressed
governments and communities. The “Alma Ata Declaration” was followed by
the “Ottowa Charter” (WHO, 1986), which returned to the early focus of public
health in the United Kingdom, stating that the fundamental prerequisites for
health are peace, shelter, education, food, income, a stable eco-system,
sustainable resources, social justice and equity. The Charter identified five
key areas for health promotion: building healthy public policy, creating
supportive environments, strengthening community action, developing
personal skills, and reorientating health services. Most current approaches to
health promotion, especially in Europe, are underpinned by the approach
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advocated by the Ottawa Charter (Baric, 1994; Ewles and Simnett, 1999),
although the United Kingdom has been relatively slow to emphasise these
developments (Speller et al, 1997; Midha and Sullivan, 1998).

2.6.3

The nursing home as a health promoting community

The recognition of the importance of the community as the context for health
promotion has important implications for the process of introducing hip
protectors into nursing and residential homes. Residents do not take the
decision to wear hip protectors in isolation but as part of a specific
community. In terms of the implementation framework proposed by Kitson et
al (1998), the community is the context or setting for implementation.
Successful implementation requires not only residents but also care staff and
their managers to change their behaviour. Effective health promotion seeks
to understand communities in order to increase the power members of those
communities have over their health. This approach is designed to produce
“health promoting settings,” such as schools, workplaces and hospitals
(Speller et al, 1997). The health promoting behaviours in such settings,
which include nursing and residential homes, are best understood using an
organisational rather than a medical model, because they are primarily
behaviours carried out as part of the ongoing processes of the organisation,
rather than individual lifestyle decisions.
The approach adopted by the proprietor or senior manager has been found to
be a crucial influence on the organisation of the homes. Phillips et al (1988),
interviewed more than 100 owners or managers of residential homes in
Devon, England, and carried out a week of participant-observation in three of
the homes to evaluate daily life and care. They found that the high turnover
amongst staff and residents meant that the “articulated philosophies of the
proprietors, with the emphasis variously on skilled professional care, an open
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house, and a respectable family atmosphere, were carried through,” and that
“the personalities of the persons in charge significantly affect the style of a
residential home.” (Phillips et al, 1988, P. 90.) Eaton (2000) found a
comparable effect in a similar study of 20 nursing homes in North America.
The approach adopted by managers, be it “custodial”, “medical-rehabilitative”,
or “regenerative”, was reflected not only in the practices within the homes, but
in the outcomes for residents in terms of levels of illness, mortality and
psycho-tropic drug use.
Again, this is consistent with Kitson et al’s (1998) framework for
implementation, equating to the concepts of leadership style and
organisational culture that help to produce the context for implementation. Is
the culture of the home supportive of necessary change, are there a welldefined set of values, is learning promoted as a team activity, are
relationships and teamwork emphasised, is good performance rewarded, is
evaluation carried out effectively (McCormack et al, 2002)? Of course the
approach of the home manager is only one of many factors influencing
organisational effectiveness, but it has been shown to be one of the most
important.

2.7

Other organisational factors affecting the quality of
care in homes

A number of other organisational factors have been linked to the quality of
care for residents in nursing and residential homes, including: the source of
funding (Steffen and Nystrom, 1997; Zinn et al, 1998), being part of a nursing
home chain or other provider group (Steffen and Nystrom, 1997; Zinn et al,
1999), the size of the home (Steffen and Nystrom, 1997; Zinn and Mor,
1998), having a “creative” organisational climate (Mattiasson and Andersson,
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1997), the degree of organisational hierarchy and staff supervision (Rohrer et
al, 1993), nurse staffing (Steffen and Nystrom, 1997; Schmidt et al, 1998;
Eaton, 2000), and the degree of multi-disciplinary working (Schmidt et
al,1998). The relationships between variables are complex, with conflicting
evidence on their effects in different cultural and organisational climates (Zinn
and Mor, 1998). What is clear, however, is that the organisation of the home,
its size, source of funding, level of staffing, and organisational climate are
likely to be linked to the quality of care offered to residents.

2.8

The relationship between the context and the
methods of investigation

The value of health services research lies in its attempt to produce
information for the providers and users of a service on how an intervention
can best be implemented, or indeed whether it should be implemented at all.
This is achieved by evaluating putatively efficacious interventions in an
everyday service environment, seeking to throw light on those factors that
influence the success or failure of the intervention. This means paying
attention to the efficacy of the intervention itself, optimising the methods of
implementation, and evaluating the context for implementation.
This study has been designed with these factors in mind. Cluster
randomisation of residents in their nursing and residential homes, and
avoidance of narrow exclusion criteria, allow the hip protectors to be
introduced as they would be in an everyday service environment. Stratifying
the randomisation of homes according to the categories of resident that they
serve (residential, nursing, or elderly mentally infirm), their size, and affiliation
allows the impact of organisational factors on the quality of care to be
assessed. Introducing the hip protectors to residents in their normal social
groups, and through the staff who manage the home, recognises the impact
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of the context of care. The implementation process is designed to mirror what
might reasonably be available, in terms of human and other resources, to
Health and Social Service Boards, trusts or other commissioners who might
wish to introduce hip protectors to the nursing and residential homes for
which they are responsible.
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Chapter Three
Review of the literature
External hip protectors are designed to reduce the impact of a fall on the
bone by absorbing or dispersing the force of the fall. This review will evaluate
the literature on laboratory studies of hip protectors, clinical trials of
effectiveness (including a systematic review), and the acceptability of hip
protectors to older people.

3.1

Search strategy for identification of studies

The following databases were searched (up until January 2003):
•

The Cochrane Library

•

Medline (Ovid)

•

CINAHL (Ovid)

•

Science Direct

Internet based resources (CRD databases, Bandolier, PubMed, TRIP
database, The National Electronic Library for Health, BIOME) were searched
and general internet searches of the World-Wide-Web were carried out. The
reference lists of articles were examined for further studies. In Medline and
CINAHL, the first part of the strategy used in the Cochrane review of hip
protectors (Parker et al, 2000) was employed. The following terms were
used:
1. protective clothing/
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2. protective devices/
3. orthotic devices/
4. (hip adj (protector$ or pad$)).tw.
5. or/1-4
6. exp hip fractures/
7. (fracture$ adj (hip or femur$ or femor$)).tw.
8. or/6-7
9. and/5,8
In Science Direct, the following strategy was employed to search titles,
keywords and abstracts:
1. protect! or orthotic or pad!
2. and
3. hip or fractur! or fem*r

3.2

Approach to the literature

Hip protectors are designed to be worn over the tissue covering the greater
trochanter. This presumes that falls resulting in impact on or near that area
are a major risk factor for hip fracture. If such falls do substantially increase
the risk of hip fracture, and hip protectors are designed to reduce the impact
of the fall, then an estimate of the force needed to break the proximal femur
will provide a valuable target for developers of hip protectors. Given that
most hip fractures occur following a fall from standing height, it is also
necessary to estimate the force generated by such a fall, in order to calculate
the degree to which a hip protector is likely to attenuate the force. Therefore,
before proceeding to the literature directly pertaining to hip protectors, it is
important to address three related areas:
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The degree to which a fall onto or near the hip increases the risk

•

of hip fracture, compared to falls that result in impacts
elsewhere on the body.

3.3

•

Estimates of the force needed to fracture the proximal femur.

•

Estimates of the force generated by a fall on or near the hip.

The importance of impact near the hip as a risk factor

for hip fracture
A number of studies have shown that most hip fractures occur because of the
impact of a fall onto the greater trochanter.
Lauritzen and Askegaard (1992) interviewed 60 patients about the direction of
the fall preceding their hip fracture. Of the thirty-nine who were able to state
the direction of the fall, thirty-seven had suffered an impact on the greater
trochanter.
In a carefully analysed study, Hayes et al (1993) studied residents of a
residential care facility in the USA who fell during a three and a half year
period. Residents and their carers were interviewed within 24 hours of the fall
to determine the height of the fall, the direction of the fall, and the location of
the impact on the body. Data was also collected on body mass index and
mental impairment. The 82 residents who suffered a hip fracture were
compared with the 313 who fell without hip fracture. Body mass index was
negatively correlated with risk of hip fracture, whilst mental impairment was
associated with an increased risk, but the strongest independent risk factor
was impact on the hip or side of the leg (Odds Ratio [OR] 21.0, 95%
confidence interval (CI) 9.1 to 49.0). In contrast to this, impact on the
buttocks was associated with reduced risk.
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Hopkinson-Woolley and Parker (1998) studied 552 patients admitted with hip
fracture following a fall. Of those able to describe their fall on the day
following admission (321 patients), 84 percent described a fall directly onto
the affected side. The authors comment that this finding has significance for
the argument that hip protectors may be of benefit.
Schwartz et al, (1998) interviewed 214 men who had suffered hip fracture
following a fall six weeks after their discharge from hospital to ascertain the
direction in which they had fallen. They compared their responses with those
from 86 matched control subjects who had fallen within the last year without
breaking a hip. Of the men suffering hip fracture, 94 percent reported hitting
their hip or thigh when they fell, compared to 22 percent of controls (OR 48.6,
95% CI 22.5 to 105).
Greenspan et al, (1998) interviewed 132 residents of a single nursing home
within five days of their fall. Amongst the 32 residents who suffered hip
fracture, 63 percent reported a fall to the side, compared to 27 percent of the
100 fallers who did not fracture a hip (OR 4.6, 95% CI 1.6 to 13).
These studies show a consistent finding in different populations: a fall
resulting in an impact on or near the greater trochanter is associated with a
much greater risk of hip fracture than a fall where the site of impact is
elsewhere. For this reason, one can argue that shielding the greater
trochanter with a hip protector that effectively reduces the impact of a fall on
the trochanter could reduce the risk of hip fracture following a fall.
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3.4

Estimating the force needed to cause a femoral
fracture

The degree of force from a fall sufficient to fracture the femur has not been
clearly established. The studies reported below used dropped weights (with
the exception of Lotz and Hayes [1990], who used a hydraulic actuator to
apply a gradually increasing load) to generate an impact on bare cadaverous
femora. This obviously ignores the shielding effects of the tissues
surrounding and covering the bone in life, and the protective reflexes by
which people may attenuate the force of a fall. However, these results
indicate a range of values below which fracture is less likely and therefore
provide a target for developers of hip protectors.
Lotz and Hayes (1990) measured the force needed to fracture femora
removed from 12 fresh cadavers and then refrigerated. The donors (seven
men and five women) had a mean age at death of 69 years, with a range
from 53 to 81 years. The mean fracture force was measured at 2.11
Kilonewtons (SD 1.06 Kilonewtons), with a range from 0.77 – 4.04
Kilonewtons.
Courtney et al (1995) measured the force needed to fracture 17 femora
recently removed from fresh, refrigerated cadavers. Eight donors (four men
and four women) had a mean age at death of 74 years, with a range from 59
to 83 years. Nine donors (three women and six men) had a mean age at
death of 33 years, with a range from 17 to 51 years. The mean fracture force
for the older group was 3.44 Kilonewtons, with a SD of 1.33 Kilonewtons.
Femora from the younger group were almost twice as strong, with a mean
fracture force of 7.2 Kilonewtons, and a SD of 1.09 Kilonewtons. There was a
significant positive correlation between bone mineral density and fracture
force for both groups. Once bone mineral density was taken into account,
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age ceased to be an independent predictor of fracture force. Differences
between male and female femora were not reported.
Cheng et al (1997) measured the force needed to fracture 64 right femora
removed from cadavers at autopsy. The 28 female donors had a mean age
at death of 71 years, with a SD of 15 years. The 36 male donors had a mean
age at death of 67 years, with a SD of 15 years. The mean fracture force for
females was 3.14 Kilonewtons, with a SD of 1.24 Kilonewtons. The mean
fracture force for males was 4.63 Kilonewtons – nearly 50 percent greater
compared to females - with a SD of 1.55 Kilonewtons. The mean fracture
force for all subjects was 3.98 Kilonewtons, with a SD of 1.6 Kilonewtons.
Okuizumi et al (1998) measured the force needed to fracture 12 right femora
recently removed from embalmed cadavers of nine men and three women.
The mean age at death was 72.8 years, with a range from 57 to 91 years.
The mean fracture force was 2.17 Kilonewtons, with a SD of 0.94 Kilonewtons
and a range of 0.72 to 4.34 Kilonewtons. Differences between male and
female femora were not reported. Again, there was a significant positive
correlation between bone mineral density and fracture force.
These four studies indicate an association between higher fracture threshold
and male sex, younger age, and greater bone mineral density. However,
more importantly for the purposes of this review, they report mean fracture
forces for older people of between 2.11 and 3.98 Kilonewtons, with
considerable variation between individuals. It is also important to note the
range of fracture forces reported, and in particular, that some femora
fractured at very low forces. To be effective in all cases, hip protectors must
reduce the force of a fall to well below the estimated mean fracture forces.
However, none of these studies took into account the force attenuating
effects of the tissue overlying the greater trochanter, which would enhance
the effect of the hip protector.
40

3.5 Estimating the force of a fall on the hip
Falls on or near the hip have been shown to be a major risk factor for hip
fracture, and estimates of the force necessary to fracture the femur are
available. In order to calculate the reduction in force that a hip protector must
achieve to be effective, an estimate of the force generated by a fall from
standing height is necessary. Measuring the force of actual falls in the
laboratory is impractical and unethical, so the following studies rely on values
derived from simulated falls using mathematical models. The values given
rely on a number of assumptions and should therefore be treated with
caution.
Robinovitch et al (1991) devised a system for producing a controlled impact
on the hip in a simulated falling position (horizontal to the ground) in seven
males and seven females aged 20 to 35 years. The study was designed to
take into account the force attenuating effect of the soft tissue over the
greater trochanter. The force of the impact was measured on 10 occasions
for each subject, five where the subject was relaxed, five with the muscles of
the trunk and back contracted. From these results, a mathematical model of
body responses allowed calculation of the forces that would strike the greater
trochanter in each case following falls from the subject’s standing height.
This gave mean figures for all subjects of 5.6 Kilonewtons in the relaxed state
and 8.6 Kilonewtons in the muscle-active state. (A subsequent study
[Robinovitch et al, 1997 – reported below] cast doubt on the figures obtained
in the muscle active state.)
Using the same system, Robinovitch et al (1997) repeated their experiments
of 1991 with five males and five females aged between 21 and 33 years.
However, on this occasion they also measured the impact force where the
trunk was nearly vertical to the ground, reflecting studies showing that this
position was most often observed for sideways falls (van den Kroonenberg et
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al, 1996). Improvements in experimental design demonstrated (in contrast to
Robinovitch et al’s 1991 study) that the degree of muscle relaxation made
little difference to the impact force. However, striking the ground with the
trunk in a near vertical position did significantly increase the impact force.
The mean calculated impact force in this position was 3.56 Kilonewtons (SD
0.95) with a range of 1.45 to 5.29 Kilonewtons. Furthermore, only about 15
percent of this force was absorbed by structures peripheral to the hip, the
remainder directly transmitting to the proximal femur region. Robinovitch et al
(1997) give no explanation for the difference between the mean impact forces
measured in this study (3.56 Kilonewtons) and those measured in their
previous study (5.6 Kilonewtons). These differences may reflect
improvements in the design of the experiment or possibly differences
between individual subjects. Whatever the reason, this illustrates the difficulty
in estimating such figures, and raises a question as to which of these figures
is more reliable.
In one sense these studies confirm what is already apparent through
observation: that falls onto the hip can generate forces well in excess of those
required to break the proximal femur. They do provide useful targets for
developers of hip protectors, but cannot take the place of clinical trials of
efficacy.

3.6

Laboratory studies of hip protectors

It is reasonable to suppose that hip protectors could reduce the risk of hip
fracture in the event of a fall on or around the hip. However, the first step in
determining the most effective design is to test products in the laboratory. It
will be useful to bear in mind the range of results from the studies already
reviewed. These have measured mean fracture forces from 2.1 – 3.9
Kilonewtons, and the mean force of falls from 3.56 – 5.6 Kilonewtons. These
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means are themselves derived from a wide range of values, so it would be
reasonable to use the higher figure for falls (5.6 Kilonewtons) and the lower
figure for fracture force (2.1 Kilonewtons) in evaluating the efficiency of hip
protectors tested in laboratory studies.
Lauritzen and Askegaard (1992) report a series of exploratory studies
(including one in the laboratory) into the energy absorption properties of
tissue over the hip. First, (as reported above) they established that 37 of 39
patients who suffered hip fracture and were able to state the direction of their
fall, had suffered an impact on the greater trochanter. Next, they measured
the thickness of tissue over the greater trochanter in 12 women with hip
fracture and 27 controls. There was no significant difference between the
groups in terms of height, weight or body mass index, but a significant
difference was found in the thickness of subcutaneous tissue covering the
hip. Those with hip fracture had a mean thickness of 22 mm (range 15-29),
compared to 32 mm (range 25-40) for controls. Finally, they measured the
energy absorption provided by porcine tissue of varying thickness. Using a 5
kilogram steel weight, falling at a measured acceleration from various heights
onto the tissue, they found that tissue 29 mm thick absorbed 60 percent more
energy than tissue 20 mm thick. They also experimented with ten mm thick
polystyrene foam over 20 mm thick tissue, and found that the foam provided
nearly the same degree of energy absorption as porcine tissue of the same
thickness.
Taking these three studies together, Lauritzen and Askegaard (1992) argue
that their results indicate that the thickness of soft tissue over the hip is an
important factor in up to two thirds of hip fractures, and that external
protection of the hip may be effective in preventing hip fracture. They
acknowledge that the validity of their conclusions rests on the assumptions
that porcine tissue has similar mechanical properties to human tissue in life,
and that any extra weight associated with thicker tissue over the hip has a
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negligible effect on the load of a fall. However, they do not discuss the small
sample used to derive norms for tissue thickness in those with fracture and
controls. This is significant in light of the wide range of values within the
groups and the considerable overlap in tissue thickness between groups. A
larger sample would give a more definitive result.
Parkkari et al (1994) compared the force attenuation properties of various
padding materials. They used a testing system designed to simulate the
impact area of the greater trochanter and the typical stiffness and damping
characteristics of the pelvis. The peak force of the impact was held at 8.2
Kilonewtons, representing the peak impact forces in experimental falls from a
standing height (Robinovitch et al, 1991). Impact velocity was set at three
metres per second, the average hip impact velocity measured in human
volunteers falling on the hip (van den Kronenberg et al, 1993). The materials
were chosen based on their putative energy-absorbing capacity, durability,
low weight, good recovery after compression and reasonable price. Eight
materials met these requirements: six polyethylene foams of various
densities; a polyethylene foam with a special cross-linked structure
(Plastazote); and ethylene-vinyl acetate foam, which is particularly soft and
resilient. A thickness of 20 mm was used for each material, as this was
thought to be the maximum useable thickness for a garment. The materials
provided between 22 and 38 percent attenuation of the impact force, the most
effective being Plastazote. The target was to reduce the force below the
fracture threshold of 2.0 Kilonewtons (Lotz and Hayes, 1990) but none of the
materials reduced the force below 5.0 Kilonewtons. Reducing the force
below 2.0 Kilonewtons required a reduction in acceleration to 1.6 metres per
second, or an increase in thickness to more than 100 mm.
Parkkari et al (1994) acknowledge that they have tested a limited range of
materials. It is possible that materials exist, or could be made, that would
have the ability to attenuate the force of the fall to the degree required and
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also have the attributes necessary for use as a garment. Parkkari et al (1994)
note the effective force attenuation provided by polystyrene in Lauritzen and
Askegaard’s (1992) study. However, they point out that polystyrene is brittle
and does not recover well from compression. Parkkari et al (1994) argue that
if the materials used in their study are to be effective, then they must work by
some other mechanism than by absorbing the force of the fall. They suggest
that protective materials may work if they shunt the force of the fall away from
the greater trochanter into the surrounding tissues. It would appear that
Parrkari et al (1994) did not allow for the impact attenuating properties of
tissue over the hip. This would have further reduced the impact force. This
study used the figures for forces generated by falls from a standing height
provided by Robinovitch et al, (1991). In a subsequent study (Robinovitch et
al, 1997), this figure was revised downwards from 8.2 to 3.56 Kilonewtons.
The materials tested might have been more successful at lower forces.
Robinovitch et al (1995) tested a prototype hip pad designed to shunt the
energy of a fall into the tissue surrounding the greater trochanter. They
developed and tested a simulated female pelvis, and employed a pendulum
to provide the force of the fall. A number of pads were tested, including one
designed by Robinovitch et al (1995). This pad lies in an inverted “U” shape
over the skin surrounding (not over) the greater trochanter. It consists of a
flexible membrane containing a suspension of micro-particles that undergo a
dramatic rise in viscosity on impact, forming a bridge over the bone, and
dispersing the force of the fall into the surrounding tissues. Robinovitch et al
(1995) found that their pad reduced the energy of the impact by more than
twice as much as the energy absorbing pads, from 5.7 Kilonewtons to just
over 2 Kilonewtons (a reduction of approximately 63 percent), well below their
estimated fracture threshold of 4.1 Kilonewtons (Courtney et al, 1994).
However, this result was obtained using a pad 33 mm thick, and this bulk,
together with the relatively heavy materials, may well affect the acceptability
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of the pad. On the other hand, respectable attenuation to 3.4 Kilonewtons (a
reduction of 40 percent) was obtained using an 18 mm pad.
Following their paper in 1994, Parkkarri et al (1995) tested an energy
shunting hip protector of their own design, using a similar method to
Robinovitch et al (1995). The protector was made from an outer shield of a
semi-flexible polyethylene, with an inner layer of energy-absorbing Plastazote
foam. The protector was shaped to be more convex than the anatomy of the
female hip, leaving a 1.5 cm gap over the trochanter, in order to prevent
direct contact with the tissue over the trochanter and disperse the impact
force into the surrounding tissues. The impact on the trochanter was reduced
from 5.6 Kilonewtons to 1.04 Kilonewtons (a reduction of 81 percent), and, in
a high impact experiment, from 10.4 Kilonewtons to 1.8 Kilonewtons (a
reduction of 83 percent).
Parkkari et al (1995), raise the possibility that shunting the force of the fall
away from the greater trochanter might cause fracture of the pelvis or femoral
neck. They also point out that the protector will be ineffective in falls forward
or backward, where there is no direct impact on the trochanter. The pad
tested was 40 mm at its maximum depth, which may well prove too bulky for
many potential wearers.
Mills (1996) tested the force attenuation properties of the Sahva hip protector
used by Lauritzen et al (1993). The force at the hip was reduced from 3.9
Kilonewtons to 1.67 Kilonewtons (a reduction of 57 percent). Using dropped
weights and a simulated pelvis, Mills found that little of the force of the fall
was shunted into the surrounding tissues. The hip protector had a clearance
of only 5 mm over the tissue covering the greater trochanter, and deformed at
higher impacts to lie directly over the trochanter. The softness of the tissue
surrounding the trochanter also allowed the protector to move easily down
onto the trochanter at higher impact forces. Mills (1996) concludes that for
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minor falls from a height of 20 cm the Sahva protector distributes about half
the impact force away from the trochanter, with a proportion absorbed by the
flexion of the shell and compression of the inner foam lining. However, for
falls from 40 cm the trochanter receives most of the force. He argues that a
stiffer shell and thicker foam would decrease the impact of major falls on the
trochanter, but recognises that the Sahva protector is a compromise between
protection and comfort.
The HipSaver Company, Inc., the manufacturers of HipSavers TM hip
protectors, provided information on laboratory testing of their hip protector at
the Orthopaedic Biomechanics Laboratory, Beth Israel Hospital, Boston, USA
(The HipSaver Company, Inc., 1996) using a simulated female pelvis, and a
pendulum to provide the force of the fall. The pads are 16mm thick and made
from three layers of urethane foam bonded together and sealed in a
waterproof nylon pouch. They are intended to both absorb and disperse the
force of a fall. The impact energy was 140 Joules (considered to be the
average energy produced by the impact of a fall on the hip), and the mean
femoral fracture load was taken to be 4.17 Kilonewtons, with a standard
deviation of 1.59 Kilonewtons. The HipSavers TM hip protector attenuated the
impact force to 4.3 Kilonewtons. Expressing the impact in terms of energy
(Joules) and the attenuated force in terms of Kilonewtons means it is difficult
to compare these results with those from other studies. There is insufficient
information to allow conversion of the impact energy into Kilonewtons.
Parkkari et al (1997) studied the effects of impact to the hip in four young (2737 years), male volunteers who were wearing the hip protector described and
tested in their 1995 study. The volunteers wore a hip protector on each hip,
with one hip against a concrete wall, whilst the other was subject to a
measured impact from a weighted pendulum. Making allowance for the
energy absorbed by the protector against the wall, the hip was struck with a
force that would have been 5-6 Kilonewtons without the protector. The
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subjects reported mild pain on the skin under the contact area of the hip
protector, and there was no sign of haematoma or swelling. The measured
impact force under the edges of the protector was 2.1 – 2.3 Kilonewtons (a
reduction of approximately 65 – 54 percent). This is sufficient to break the hip
in some older people. However, as detailed in their previous study (Parkarri
et al, 1995), the protector leaves a 1.5 cm gap over the trochanter in order to
prevent direct contact with the tissue over the trochanter and disperse the
impact force into the surrounding tissues. The impact on the trochanter itself
may therefore have been less than that under the edges of the protector.
Parkkari et al (1997) acknowledge that the subjects were healthy young men
rather than older women, and may well have had a greater thickness of tissue
over the greater trochanter. Nevertheless, they conclude that it is probable
that the impact forces transmitted to the greater trochanter and femoral neck
are not sufficient to fracture the hip in an older person.
Okuizumi et al (1998) tested a hip protector consisting of a 12 mm thick
silicone gel pad with and without a 3 mm thick resin cover. They used nine
pairs of femora obtained from cadavers, dropping a metal weight weighing
8.4 Kilograms from a range of heights. The right femur was fractured as a
control and the left protected with the silicone gel, or silicone plus resin cover.
The mean right femoral fracture force was 2.17 Kilonewtons (range 0.72 – 4.3
Kilonewtons) and this was positively correlated with measured bone mineral
density. The mean impact load (with a drop height of 25 cm) was reduced
from 3.1 Kilonewtons to 2.2 Kilonewtons by the silicone gel (a reduction of 30
percent) and to 1.7 Kilonewtons by the gel plus resin cover (a reduction of 46
percent). Figures for higher impacts are not reported in the text. However,
estimates from a graph presenting height impact against load, indicate an
impact load of 4.4 Kilonewtons at 40 cm, reduced to 3.3 Kilonewtons by the
silicon pad (a reduction of 25 percent) and to 2.6 Kilonewtons by the gel plus
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resin (a reduction of 41 percent). The differences between pads are less
evident at lower impact forces.
Okuizumi et al (1998) acknowledge a number of limitations in their study.
There was no attempt to replicate the effect of soft tissue over the greater
trochanter (although this is offset by the relatively low impact forces studied).
There was no attempt to simulate a human pelvis but the femora were braced
against a rigid structure. The experimental design tested only the impact
absorbing properties of the protector, rather than any force shunting effect.
However, Okuizumi et al (1998) conclude that their design provided effective
impact attenuation and fracture prevention. There are difficulties with this
conclusion. The results are not reported in terms of the matched pairs of
femora, which would have allowed a direct examination of the difference
made by the protector; mean values are offered instead. The best figure
presented for force attenuation (1.7 Kilonewtons for the gel plus resin pad) is
the only case in which the impact force was reduced below the mean fracture
force of 2.17 Kilonewtons. Even this figure is well within the range of fracture
impact forces (0.72 – 4.3 Kilonewtons), and, as noted above, the attenuation
properties of the protector appear to diminish at higher impact forces. It is
possible that silicone, a higher density material than that typically used in hip
protectors, is more effective at lower impact forces. Parkkari et al (1994)
report that higher density materials perform better than lower density
materials at low impacts but that this difference disappears at higher impact
forces. As noted, Okuizumi et al (1998) justify using relatively low impact
forces on the grounds that they have not inserted any material to compensate
for the attenuating effects of tissue over the greater trochanter. However,
when their pad was used at higher impact forces, which are closer to the
forces produced by a fall, its efficiency was reduced and the attenuated
impact was well above the mean fracture force. Consequently, their protector
is likely to be less efficient when attenuating the impact of real falls. It may be
that a wearable gel plus resin hip protector would have an energy shunting
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effect, as well as an energy absorbing effect, but this was not tested. The
density of the gel pads would also make them heavier than existing hip
protectors, which might well decrease their acceptability to wearers.
Kannus et al (1999b) tested the force attenuation properties of four
commercially available hip protectors: their own KPH1 (described in Parrkari
et al, 1995), a modification of that design (the KPH2), the Safehip, and
Safetypants hip protectors. Using an impact pendulum and a simulated
pelvis and femur (including 20 mm thick polyethylene foam as surrogate
trochanteric tissue), they tested the four hip protectors at three impact levels:
4.33 Kilonewtons, 7.23 Kilonewtons, and 10.84 Kilonewtons. They took the
fracture threshold to be 3.1 Kilonewtons (plus or minus 1.2 Kilonewtons).
In the low-impact experiment, which produced an impact force of 3.74
Kilonewtons in the surrogate hip, all four protectors reduced the impact force
below the fracture range. In the medium impact experiment, the “soft tissue”
alone attenuated the force to 6.13 Kilonewtons, the KPH1 to 0.78
Kilonewtons, the KPH2 to 0.76 Kilonewtons, the Safehip to 2.24
Kilonewtons, and the Safetypants to 2.76 Kilonewtons (reductions of 87, 88,
63 and 55 percent respectively, from the force attenuated by the soft tissue).
In the high impact experiment, the soft tissue attenuated the force to 9.19
Kilonewtons, the KPH1 to 1.36 Kilonewtons, the KPH2 to 1.17 Kilonewtons,
the Safehip to 4.64 Kilonewtons, and the Safetypants to 5.77 Kilonewtons
(reductions of 85, 87, 50 and 37 percent respectively, from the force
attenuated by the soft tissue).
Kannus et al (1999b) comment that, at the medium impact, which
approximates the forces produced by a fall from standing height, only the two
KPH protectors were outside the fracture range. At the high impact,
representing much greater forces than are normally experienced in hip
fracture, the KPH protectors still reduced the force to below the fracture
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range, whilst the Safehip and Safetypants protectors allowed forces well
above it. Kannus et al (1999b) attribute the differences in performance to the
different designs and modes of action of the hip protectors. The KPH1 is
made from an outer shield of a semi-flexible polyethylene, with an inner layer
of energy-absorbing Plastazote foam, and is 15 mm thick. The protector is
shaped to be more convex than the anatomy of the female hip, leaving a 2.0
cm gap over the trochanter, in order to prevent direct contact with the tissue
over the trochanter and disperse the impact force into the surrounding
tissues. The KPH2 is similar in design, but with a less convex shape (its
maximum depth is 3.5 cm compared with 4.5 cm for the KPH1) and a 1.5 cm
gap over the trochanteric tissue. This design is intended to reduce the bulk of
the hip protector, making it more acceptable to wearers. The Safehip
protector appears to work in a similar way: absorbing and dispersing the force
of the fall. However, it is less convex (with a maximum depth of 2.5 cm) and
more flexible than either of the KPH protectors (it is just 9 mm thick), and
Kannus, et al (1999b) argue that this reduces its ability to attenuate impact
forces. The Safetypants protector has a 20 mm Plastazote pad that sits
directly on the trochanteric tissue and is designed to absorb the impact
energy of a fall, rather than shunt it into the surrounding tissues. It produced
the worst results of the four, probably because of its inability to disperse the
force away from the trochanter. Kannus et al (1999b) point out the limitation
of all external hip protectors – that they protect only against falls to the side,
and cannot protect against twisting, anterior or posterior forces.
The HipSaver Company, Inc. provided further information on laboratory
testing of their two HipSavers TM hip protectors (one 8.4mm thick, the other
12.7mm thick) at the Tampere University of Technology (The HipSaver
Company, Inc., 2000) using an identical system to that used by Kannus, et al
(1999). The fracture threshold was taken to be 3.1 Kilonewtons (plus or
minus 1.2 Kilonewtons).
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The thinner HipSavers TM hip protector reduced the impact force of 7.2
Kilonewtons to 2.51 Kilonewtons; the thicker protector to 1.79 Kilonewtons.
These results can be compared to those obtained by Kannus, et al (1999b),
where the same impact force was reduced by the KPH1 to 0.78 Kilonewtons,
the KPH2 to 0.76 Kilonewtons, the Safehip to 2.24 Kilonewtons, and the
Safetypants to 2.76 Kilonewtons. The thicker HipSavers TM hip protector
outperformed all but the KPH1 and KPH2. This is of particular interest
because the protector is made from soft, relatively flexible material, which
might be more comfortable to wear.

3.6.1

Discussion of laboratory studies

Direct comparison of these studies is not possible because of the different
approaches used. Researchers have used a range of impact forces, and
various ways of simulating the pelvis. However, some common findings
emerge from the data. First, protectors have two modes of action: absorbing
the force of the fall, and dispersing the impact of the fall to surrounding
tissues. Absorbing the force appears to be a relatively inefficient approach,
providing comparatively little attenuation unless very thick pads are used.
The exception to this is the HipSavers TM hip protector (The HipSaver
Company, Inc., 1996, 2000), which appears to work effectively to absorb the
force of a fall using a high-density foam pad. Hip protectors that disperse the
force of a fall are shaped to be more convex than the anatomy of the hip,
leaving a gap over the trochanter, in order to prevent direct contact with the
tissue over the trochanter and disperse the impact force into the surrounding
tissues. It appears that the greater the gap over the trochanter and the more
rigid the material used to shape the hip protector, the greater the force
attenuation provided. A novel design is that described by Robinovitch et al,
(1995) as a flexible membrane containing a suspension of micro-particles.
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Although a radically different technology, this too appears to work by
dispersing the force of the impact away from the greater trochanter.
If the force attenuation properties of the hip protectors tested in these studies
are evaluated in the light of the figures derived from studies estimating
fracture forces and the force of falls (mean fracture force of 2.1 Kilonewtons
and mean force of falls 5.6 Kilonewtons), then the hip protectors described by
Parkkari et al (1995, 1997), Robinovitch et al (1995), Kannus et al (1999b),
and The HipSaver Company, Inc. (2000), should reduce the force sufficiently
to prevent most fractures. However, only the design tested by Parkkari et al
(1995, 1997), and Kannus et al (1999b) reduced the force to levels near the
lower range of fracture forces described in the literature (less than 1
Kilonewton).
Existing designs and materials mean that hip protectors as presently
available are a compromise between efficacy, comfort and appearance. The
softer, more flexible HipSavers TM hip protector (The HipSaver Company, Inc.,
2000) is a promising development in this respect, although randomised
controlled trials of effectiveness are not yet available for this design. Thick,
rigid materials that sit up from the hip will be too uncomfortable and obtrusive
for everyday wear. No matter how efficient they may be in attenuating the
force of a fall, they are useless if they are not worn at the time of the fall. On
the other hand, a certain degree of rigidity, thickness and convexity of
material is necessary to make the garments worthwhile as protection.
This compromise is reflected in the design of the Safehip hip protectors used
in the present study. Two studies tested this design. Mills (1996) found that
the force at the hip was reduced from 3.9 Kilonewtons to 1.67 Kilonewtons
but that little of the force of the fall was shunted into the surrounding tissues.
The hip protector had a clearance of only 5 mm over the tissue covering the
greater trochanter, and deformed at higher impacts to lie directly over the
53

trochanter. The softness of the tissue surrounding the trochanter also
allowed the protector to move easily down onto the trochanter at higher
impact forces. Mills (1996) concludes that for minor falls from a height of 20
cm the protector distributes about half the impact force away from the
trochanter, with a proportion absorbed by the flexion of the shell and
compression of the inner foam lining. However, for falls from 40 cm the
trochanter receives most of the force. He argues that a stiffer shell and
thicker foam would decrease the impact of major falls on the trochanter, but
recognises that the protector is a compromise between protection and
comfort. Kannus et al (1999b) tested the protector at three impact levels:
4.33 Kilonewtons, 7.23 Kilonewtons, and 10.84 Kilonewtons. They took the
fracture threshold to be 3.1 Kilonewtons (plus or minus 1.2 Kilonewtons). In
the low-impact experiment, which produced an impact force of 3.74
Kilonewtons in the surrogate hip, the protector reduced the impact force
below the fracture range. In the medium impact experiment, the Safehip
attenuated the force from 7.23 Kilonewtons to 2.24 Kilonewtons, and in the
high impact experiment, from 10.84 to 4.64 Kilonewtons. Other hip protectors
attenuated the force more effectively, but only by using a design with more
convex shape, which might be less acceptable to wearers. It is likely that the
Safehip hip protector, even when worn correctly, would prevent most but not
all hip fractures. People with very fragile bones (including many residents of
nursing and residential homes) could have a fracture threshold of less than
1.0 Kilonewton (Lotz and Hayes, 1990; Oikuzumi et al, 1998), which is well
below the forces transmitted through the Safehip hip protector.

3.7

Clinical Trials

Once laboratory studies have been done, the question remains: are hip
protectors efficacious in preventing older people who fall from suffering a hip
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fracture? This question is best answered through randomised controlled
clinical trials. Evidence is provided both by single trials and by the metaanalysis of multiple trials.

3.7.1

Systematic review

Meta-analysis, or systematic review of original clinical research trials is one of
the most influential approaches to the analysis of scientific data (Greenhalgh
and Donald, 2000; Davey Smith and Egger, 1998). A systematic review
collects and analyses the information from the individual trials in an attempt to
gauge the cumulative weight of evidence. The only review of the use of hip
protectors identified in the literature is Hip protectors for preventing hip
fractures in the elderly (Parker et al, 2000). This review was carried out under
the auspices of the Cochrane Collaboration, an international group dedicated
to the systematic review of randomised controlled trials. Reviews carried out
by Cochrane working groups must accord with strict guidelines, which are
well accepted in the literature (Sutton et al, 1998). The review can therefore
be approached with a degree of confidence in its methodology and findings.
The strength of evidence from the review is obviously dependent on the
quality of the individual studies reviewed. However, the review itself must be
carried out rigorously if its conclusions are to be relied upon. Sutton et al
(1998) offer a series of recommendations for good practice in carrying out a
systematic review, and these will be used to help evaluate the study by
Parker et al (2000). The evaluation of the review in the light of the
recommendations is set out below.
1. The objectives and methods of the review should be set out before the
study is done. This is to reduce the likelihood of the reviewers altering the
terms of the review to favour a certain outcome once the material has
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been gathered. Parker et al (2000) set out their protocol several months
before the publication of the first version of the review in 2000 and have
followed it through several subsequent updates of the material. The
protocol details the objectives of the review, the search strategy, the
criteria for selecting trials, and the methods of data collection and analysis.
The main objective was to “determine if external hip protectors reduce the
incidence of hip fractures in elderly persons following a fall.” (Parker et al,
2000, P.1)
2. The compilation of studies should be comprehensive and the search
methods and sources clearly documented. The review sets out the search
strategy in sufficient detail for a reader to be able to replicate it. The main
computerised databases were searched, together with the Cochrane
Controlled Trials Register (which lists trials in progress as well as those
completed), and the reference lists of articles obtained through the initial
search. In addition, the reviewers contacted the authors of the reports
seeking additional data. This strategy is likely to have identified the great
majority of relevant material. However, Sutton et al (1998) also
recommend searching SCISEARCH (the Science Citation Index), handsearching of relevant journals, identifying “grey material” (reports, booklets
and conference proceedings), searching the internet, and consulting
manufacturers, which Parker et al (2000) did not do.
3. The methodological quality of the trials reported should be assessed, and
the assessment criteria reported. Parker et al (2000) list ten areas to be
assessed, including the method of randomisation, concealment of
allocation, tracking of all participants, an “intention to treat” analysis,
description and matching of treatment groups, blinding of outcome
assessors, a minimum of 12 months follow-up, adherence to treatment,
and the manner of data collection. Randomised controlled trials are
considered the most reliable method of determining the effect of an
intervention (Sutton et al, 1998), so it is reasonable to place the method of
randomisation first on this list. The remainder of the assessment areas
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involve identifying weaknesses in relation to bias, confounding variables,
and validity. Two important areas that are not identified by Parker et al
(2000) (although they are partly addressed in the body of the review) are
the adequacy of the sample (Greenhalgh and Donald, 2000) and the
appropriateness of the statistical tests (Sutton et al, 1998), both of which
affect the validity of the results.
4. Identification of a common set of outcome variables that is consistent with
those in the primary studies. The review sought data for the incidence of
hip and other fractures, reported falls, mortality, adherence, and
complications of use of hip protectors. These are consistent with the
objective of the review.
5. Extraction of outcome variables from primary studies using a reproducible,
standardised approach designed to avoid extractor bias. Two reviewers
independently extracted outcome variables from each study, and rated
their methodological quality using the standardised approach described in
3 and 4 above. Differences were resolved by discussion. This approach
would seem to make bias unlikely.
6. Where possible, perform a quantitative synthesis of primary study data,
using methods that allow for important variations between studies. Parker
et al (2000) tested for variations between studies by estimating the
heterogeneity between comparable trials “using a standard chi-squared
test." (P.3). Studies may be considered homogenous when differences in
effect size are due to sampling error. In other words, the samples are
taken from a population with the same underlying true effect size (Sutton
et al, 1998). If this is not the case, then the reasons for heterogeneity of
the effect size must be elucidated and taken into account in the analysis.
Even apparently similar trials may differ, for example through differing
definitions of outcomes, variations in management and analysis of the
trial; through differences in inclusion and exclusion criteria, or between
baseline states of available participants, or between interventions and
settings (Sutton et al, 1998).
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7. The results of the review should be evaluated in the light of the issues
identified in the preceding recommendations. Parker et al (2000) discuss
a number of relevant issues. The methodological quality of the studies
was assessed and scored in the light of the ten areas identified in the
review, and the scores presented in a table. Reasons for excluding
studies are presented, together with significant differences in design
between studies and the impact of this factor on the feasibility of
combining outcomes for analysis. In particular, the fact that the largest
studies were randomised by cluster reduces their power and means that
their results cannot be combined with confidence with those from studies
randomised by individual. The main outcome variables are reported, and
issues related to population and sample size are discussed. Factors
contributing to heterogeneity (differences in population, type of hip
protector, definition of outcome variables, and length of follow-up) are
discussed. The possible impact of publication bias (the observation that
trials showing a significant effect in favour of an intervention are more
likely to be published than those that do not) is not explored. However,
the reviewers identify a number of trials in progress and their subsequent
inclusion in the review should help to reduce publication bias in future
updates.
8. The key aspects of the report should be clearly presented in order to
enable critical appraisal and to facilitate replication of the review. Parker
et al (2000) set out the main elements of the studies in tables, comparing
relative risks and giving confidence intervals. Important issues are
discussed in the text. A number of graphical displays assist in
comparisons between trials.
9. The report should include a discussion of the methodological limitations of
the primary studies and the review itself. Recommendations should be
explicit and detail the evidence on which they are based. Any proposal for
future research should also recommend appropriate clinical and
methodological requirements. Parker et al (2000) discuss the
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methodological limitations of the primary studies systematically and in
detail. They do not discuss any limitations of their own review. Their
recommendations for practice are brief and lack detail. Proposals for
future research are consistent with the results of the review, although their
recommendations in relation to adherence are limited to exploring different
types of hip protector. Other factors that might be usefully explored in this
area include the characteristics of wearers and non-wearers, the
organisational and cultural environment in which institutionalised older
people live, approaches to introducing hip protectors to health care staff
and potential users, and encouraging continued use.
Overall, Parker et al’s (2000) review is methodologically strong. They were
seeking to determine the efficacy of hip protectors in reducing the incidence
of older people following a fall, so they focussed on those studies that were
randomised by individual. The remaining three, much larger, studies were
cluster randomised, which makes them more suitable for measuring
effectiveness rather than efficacy. Consequently, Parker et al (2000) state
that “it was not possible to determine if this difference between groups was
statistically significant.” (P.1). They conclude that hip protectors appear to
reduce the risk of hip fracture within high-risk populations and that
acceptability of the hip protectors to wearers is a problem, because of
discomfort and practical difficulties.

3.7.2

Individual clinical trials

The randomised controlled trials will be evaluated in the light of the
recommendations in the CONSORT (Consolidated Standards Of Reporting
Trials) statement (Moher et al, 2001). This is a checklist and flow diagram
based partly on evidence, partly on consensus amongst an international
group of clinical trialists, statisticians, epidemiologists, and biomedical journal
59

editors. The checklist and flow diagram contain recommendations designed
to improve the reporting of randomised controlled trials by encouraging the
reporting of information that is essential to judging the reliability or otherwise
of the findings. Elbourne and Campbell (2001) have added further
recommendations designed to extend the CONSORT statement to include
cluster randomised trials. Evaluating the trials involving hip protectors using
these recommendations should allow a judgement to be made about the
weight that should be given to their results. The randomised controlled trials
are summarised in Table 3.1.
The first major clinical trial reported in the literature is that by Lauritzen et al
(1993). This trial was designed to investigate the effect of external hip
protectors on the prevention of hip fractures in residents of a nursing home.
The hip protectors were of the relatively rigid, force-dispersing type, fitted into
special underwear. The home consisted of 28 wards. Residents of 10 wards
(167 women and 80 men) were given three pairs of hip protectors, the
remaining 18 wards (277 women and 141 men) acting as controls. Residents
were followed over the next 11 months and the number of hip fractures noted
in each group. In the intervention group 8 of 247 residents suffered hip
fracture. In the control group the figures were 31 of 418 residents. The
relative risk of hip fracture in the intervention group was 0.44 (95%
confidence interval [CI] 0.01 to 0.94).
In the report, the participants are described in terms of age, sex, mobility,
mental status, and markers for osteoporosis, but this is not broken down
between intervention and control groups. No eligibility criteria are given.
There is little detail about the nursing home or the wards within it (for example
the size of wards, whether they differed in terms of their medical or nursing
focus, and how they were organised). The method of collecting data on
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Table 3.1

Randomised controlled trials of effectiveness

Author(s), country
and objectives
Lauritzen et al (1993)
Denmark
Objectives: to
investigate the effect
of external hip
protectors on the
prevention of hip
fractures.

Ekman et al (1997)
Sweden
Objectives: to
investigate the effect
of external hip
protectors on the
prevention of hip
fractures.

Setting, population,
and intervention
Setting: a large
nursing home.

Key results

Commentary

Cluster randomised
by ward: 10 wards
(247 participants) in
Population: men and
the intervention
women aged 70 years group, 18 wards (418
or more.
participants) in the
control group.
Intervention: wearing
a force-dispersing hip Intervention period:
protector (Sahva)
11 months.
fixed in special
underwear.

Intervention group: 8
hip fractures.
Control group: 31 hip
fractures.

Randomisation was
by cluster but analysis
by individual. This
may mean the CI has
been underestimated.

Setting: Four nursing
homes.

Intervention group, 4
hip fractures.
Control group: 17 hip
fractures.

Population: men and
women - no other
details given.
Intervention: wearing
a force-dispersing hip
protector attached to
participants’
underwear.

Design

Cluster randomised
by home: one home
(302 participants) in
the intervention
group, 3 homes (442
participants) in the
control group.
Intervention period:
11 months.

Relative risk of hip
fracture 0.44 (95% CI
0.01 to 0.94).
Adherence (hip
protector worn at the
time of a fall): 24%.

Relative risk of hip
fracture 0.33 (CI 0.11
to 1.0, level not
stated).
Adherence (not
defined): 44%.

Adherence is based
on results from a
small sub-sample.

Randomisation was
by cluster but analysis
by individual. This,
together with the
small number of
clusters, may mean
the CI has been
underestimated.
Baseline data does
not show gender
balance between
groups.
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\Table 3.1 continued
Author(s), country
Setting, population,
and objectives
and intervention
Jantti et al (1998)
Setting: a nursing
home.
Finland
Population: able to
Objectives: to
walk without help,
investigate the effect
with a history of a fall.
of external hip
protectors on the
Intervention: wearing
prevention of hip
a force-dispersing hip
fractures.
protector fixed in
special underwear.
Hindso and Lauritzen
(2000)
Denmark
Objectives: to
investigate the effect
of external hip
protectors on the risk
of subsequent hip
fractures.

Setting: two hospitals
Population: patients
aged 75 years or
more admitted with
hip fracture.
Intervention: wearing
a force-dispersing hip
protector (Safehip)
fixed in special
underwear.

Design

Key results

Commentary

Randomised by
individual (closed
envelopes): 36
participants in each of
intervention and
control groups.

Intervention group, 1
hip fracture.
Control group: 8 hip
fractures.

Small sample size
and high rate of
attrition compromise
the power of the
study.

Intervention period:
12 months.

Case cohort study:
one hospital as
intervention group
(303 participants), the
other as control group
(244 participants).
Intervention period:
12-18 months.

Fisher’s exact test p
0.028 (no CI).
Adherence (still
wearing at 12
months): 36%.

No baseline
characteristics
presented.

Overall adherence
difficult to estimate.
Absolute numbers not Analysis by intention
given. Zero hip
to treat, by those
fractures amongst the initially accepting the
sub-group of 60
hip protectors, and by
patients who wore the continued use,
hip protectors
showed a nonregularly.
significant reduction in
risk.
Adherence:
Insufficient detail to
No baseline
determine adherence characteristics of
accurately.
individuals or
hospitals presented.
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\Table 3.1 continued
Author(s), country Setting, population, and
and objectives
intervention
Chan et al (2000)
Setting: nine nursing
homes.
Australia
Population: residents
Objectives: to
identified by staff as at high
evaluate the
risk of falling.
effectiveness and
acceptability of a
Intervention: wearing a
softer hip protector. new, softer and more
flexible hip protector.

Kannus et al (2000)
Finland
Objectives: to
investigate the
effect of external
hip protectors on
the prevention of
hip fractures.

Setting: geriatric long-stay
facilities and outpatient
units for supported living at
home
Population: men and
women who were 70 years
or older, were able to walk,
and who had a pre-defined
risk factor for hip fracture
Intervention: wearing a
force-dispersing hip
protector (KPH) fixed in
special underwear.

Design

Key results

Commentary

Randomised by
individual within
homes: 40
participants in the
intervention group,
31 in the control
group.

Intervention group: 3 hip
fractures.
Control group: 6 hip
fractures

The calculation of relative
risk may be influenced by
the use of the number of
falls in each group (rather
than the number of
participants) as the
denominator. Similar
problems may arise for
estimating adherence.

Intervention
period: 9 months.

Cluster
Randomised by
treatment units
(the number of
treatment units is
not stated): 653
participants in the
intervention group,
1148 participants
in the control
group.

Relative risk of hip
fracture 0.264 (95% CI
0.073 – 0.959).
Adherence (the
percentage of falls when
residents were wearing
hip protectors): 50%.
Intervention group: 13
hip fractures.
Control group: 67 hip
fractures.
Relative risk of hip
fracture 0.4 (95% CI 0.2
– 0.8).

Adherence: (the number
of days the hip protector
was worn as a
Intervention
percentage of all
period: 18 months. available follow-up days)
48%.

Small sample size
reduces the power of the
study.
Randomisation was by
cluster but analysis by
individual. This may mean
the CI has been
underestimated.
The analysis is not by
intention to treat (a
significant proportion of
eligible residents are not
included in the analysis).
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\Table 3.1 continued
Author(s), country Setting, population, and
and objectives
intervention
Harada et al (2001) Setting: six nursing
homes.
Japan
Population: female, able
Objectives: to
to stand, not wheelchair
investigate the
dependent.
effect of external hip
protectors on the
Intervention: wearing a
prevention of hip
force-dispersing hip
fractures.
protector fixed in special
underwear.

Cameron et al
(2001)

Setting: 32 nursing
homes and hostels.

Australia

Population: female, over
75 years, two or more
falls in the last month, not
bed or chair fast.

Objectives: to
investigate the
effect of introducing
external hip
protectors on the
prevention of hip
fractures.

Intervention: support from
a nurse facilitator to wear
a force-dispersing hip
protector (Safehip) fixed
in special underwear.

Design

Key results

Commentary

Randomised by
individual within
homes: 88
participants in
the intervention
group, 76 in the
control group.

Intervention group: 1 hip
fracture.
Control group: 8 hip
fractures.

The limitations of
this study are its
small sample size
and narrow
eligibility criteria.

Intervention
period: 12
months (24
months in one
home).

Adherence (the number of
days the hip protector was
worn as a percentage of all
available follow-up days):
87%.

Randomised by
individual within
homes/hostels:
86 participants
in the
intervention
group, 88 in the
control group.

Intervention group: 8 hip
fractures (only one when the
hip protector was worn).
Control group: 7 hip
fractures.

Intervention
period: 18
months.

Cox’s hazard ratio 0.082
(95% CI 0.009 – 0.746).

Its strengths are
the inclusion of
other risk factors
in the analysis,
and the high
adherence
achieved amongst
participants.

The authors
acknowledge that
insufficient sample
size and low level
of adherence
mean the study
Cox’s hazard ratio 1.46 (95% had low statistical
CI 0.51 – 4.20).
power to detect
anything but a
Adherence (the number of
very large effect.
days the hip protector was
worn in daylight hours as a
percentage of all available
follow-up days): 57%.
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\Table 3.1 continued
Author(s), country
and objectives
Torgerson and Watt
(2002)
England
Objectives: to
investigate the effect
of external hip
protectors on the
prevention of
subsequent hip
fractures.
Meyer et al (2003)
Germany
Objectives: to
investigate the effect
of an intervention
programme to
increase the use of
hip protectors on the
prevention of
subsequent hip
fractures.

Setting, population
and intervention
Setting: private homes.
Population: men and
women with previous
hip fracture.
Intervention: wearing a
force-dispersing hip
protector (Safehip)
fixed in special
underwear.
Setting: 42 nursing
homes.
Population: men and
women aged 70 years
or more, who were not
bedridden.
Intervention: single
education session for
nursing staff, who then
educated residents;
provision of forcedispersing hip protector
(Safehip) fixed in
special underwear.

Design

Key results

Commentary

Randomised by
individual: 182
participants in the
intervention group,
184 in the control
group.

Intervention group: 8
hip fractures (only
one when the hip
protector was worn).
Control group: 2 hip
fractures.

Intervention period:
14 months.

OR 3.10 (95% CI
0.62 to 15.58).

Short report: no
details of sample size
calculation,
randomisation
procedures, eligibility
criteria, or participant
characteristics.

Randomised by
cluster: 25 clusters
(459 residents) in
the intervention
group, 24 clusters
(483 residents) in
the control group.
Intervention period:
15 months.

Adherence: not
reported.
Intervention group: 21
hip fractures (four
when the hip
protector was worn).
Control group: 39 hip
fractures.
AR -3.5%
(95% CI -7.3% to
0.3%, p 0.072).
Adherence
(proportion of
residents who wore
the hip protectors
during at least one
fall): 33%.

Randomisation by
cluster taken into
account in analysis.
8% of control
residents wore hip
protectors.
Only 15% of
population in the
homes appear to
have taken part.
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outcomes is not specified. There is no information on calculation of sample
size. Randomisation was by an independent doctor selecting numbers
representing the wards to receive the hip protectors. This is the only detail
given, so the degree to which allocation and assignment were concealed
cannot be judged.
The method of randomisation (by ward) makes this study a cluster
randomised trial, which raises a number of issues for the design of the study
and the analysis of the results. Statistical analysis of trials randomised by the
individual assumes that all individuals will respond to the intervention
independently (Elbourne and Campbell, 2001). However, individuals within a
particular cluster (in this case a ward) may be more like each other, than they
are like individuals in other clusters (for example because they preferred to be
placed with residents from a similar social group, or because different wards
serve different categories of resident). Their behaviour may also be
influenced by common elements (for example, culture, habits, and
environmental factors) in the cluster and in the way it is organised. As a
result, variation between clusters may be greater than variation within
clusters, which influences the effect size of the intervention. This leads to a
loss of statistical power compared to an individually randomised study
containing the same number of individuals (this is known as the “design
effect” [Ukoumunne et al, 1999a,b]), with a consequent need to increase the
size of the sample. Lauritzen et al (1993) give no rationale for their use of
cluster randomisation. It appears to be at odds with their objective, which
seems primarily to be an evaluation of the efficacy of hip protectors (in which
case randomisation by individual within wards might have been a more useful
design). Cluster randomised trials are better suited to testing the
effectiveness of interventions in an everyday environment. As noted above,
sample size calculation is not reported, so it is not possible to say whether the
design effect was taken into account. In fact, although randomisation was by
cluster, it appears that in all other respects the trial was carried out and
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analysed as if it had been randomised by individual. No further details are
given in relation to the results by ward. Failure to take cluster randomisation
into account during analysis of the results is likely to produce confidence
intervals that are too narrow (Ukoumunne et al, 1999a,b). Given that the
relative risk of hip fracture in the intervention group was 0.44 and the 95%
confidence interval was calculated as 0.01 – 0.94, it is possible that if cluster
randomisation had been taken into account, the result would not have been
statistically significant.
There is no report of blinding. Obviously, this is not feasible for participants,
but blinding of those assessing the outcomes would have been possible.
Having said this, the outcomes were not susceptible to biased judgements, as
they are dichotomous and readily measurable. The flow of participants
through the trial is not clearly described. In particular, the numbers in each
ward (which, from the figures on falls, appear to have been highly variable)
are not given; nor are the number of participants who died, or their distribution
between intervention and control groups. The authors simply report that
those who died were replaced immediately by new arrivals. The adherence
data are based on a sub-group of two wards from the intervention group (64
residents), and two from the control group (90 residents). The definition of
adherence is not stated, but appears to be when the hip protector was worn
at the time of a fall. This happened in 11 of 45 falls, giving a figure of 24
percent. This figure is difficult to interpret in that residents who are wearing
the hip protectors may fall on multiple occasions, so inflating the figure for
adherence. Alternatively, residents may wear the protectors regularly, but not
fall, and so make no impact on the figures for adherence. In addition, in the
absence of data on the number of falls in the remaining 26 wards, this is a
small sample from which to estimate adherence. It also provides no
information of how adherence might have changed over time, or of the rate of
initial acceptance. Results are stated in absolute numbers, and the statistical
methods are clearly stated. However, there is no discussion of possible
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confounding factors. The authors conclude that their study indicates that hip
protectors can prevent hip fractures in residents of nursing homes. However,
if they had analysed their results to allow for the effects of cluster
randomisation, it is possible that they would have found that the effect was
statistically insignificant.
Buckler et al (1997) describe the use of hip protectors in a 25 bed dementia
unit for veterans needing continuing care. They present historical data
showing an increase in falls (from 18 to 80 a year) in the unit over a four-year
period. Hip protectors of the force–dispersing type were introduced for the
second two years, targeting veterans at high risk of falling (six veterans in
year three, ten in year four). There were two hip fractures in each of the first
two years, but none in the next two years. No statistical analysis is
presented, and possible confounding factors are not discussed, so nothing
can be inferred in relation to the effectiveness of the hip protectors. The main
point of the study, which is supported by the observations reported, is that hip
protectors appear to be suitable for older people who are demented and
remain independently mobile.
Ekman et al (1997) tested the effectiveness of a force-dispersing hip protector
of a similar type to that used by Lauritzen et al (1993), except that it was
designed to be held in place by a resident’s own underwear, rather than a
specially designed garment. In their short report, they describe how one of
four nursing homes was randomly assigned to offer the hip protectors, the
remaining three acting as controls. There were 302 residents in the
intervention home, and 442 in the control homes. Residents were followed up
over the next 11 months and the number of hip fractures and falls recorded,
together with adherence to use of the hip protectors. In the intervention
group, four of 302 residents suffered hip fracture, compared to 17 of 442 in
the control group. The relative risk of hip fracture in the intervention group
was 0.33, with a confidence interval of 0.11 to 1.0.
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Eligibility criteria are not described, and the methods of data collection are not
reported. No information is given on how sample size was determined, or of
the randomisation process, or of blinding of outcome assessors. The
statistical methods are clear, although insufficient data are given to allow
independent analysis of sub-group results. The flow of participants through
the study is not shown. Baseline data on intervention and control groups is
presented, but this leaves out the sex of residents, a major factor influencing
risk of hip fracture. Adherence is stated to be 44 percent, but there is no
description of how this figure was derived or of the rate of initial acceptance of
the hip protectors.
This study suffers from a similar weakness to that of Lauritzen et al (1993): it
randomises by cluster but analyses by individual, with no discussion of how
cluster randomisation might affect sample size or analysis of the results. The
distorting effect of this approach is likely to be magnified by the large size of
the clusters and their relatively small number (Ukoumunne et al, 1999a,b).
This must cast doubt on the significance of the findings.
Jantti et al (1998) tested the effectiveness of a force-dispersing hip protector
amongst residents of a nursing home in Finland. Residents with a history of a
fall, and who could walk without help were eligible for the study. Thirty-six
participants were offered the hip protectors and 36 acted as controls. The
intervention period was 12 months. Seventeen participants in the intervention
group and 25 in the control group died or were permanently admitted to
hospital during the intervention period. At the end of the study period, 13 of
the intervention group were still using the hip protectors. The other six had
stopped between one and nine months into the study period. In the
intervention group, one participant suffered hip fracture, compared to eight
(including a dislocation of a hip prosthesis) in the control group (Fisher’s exact
test p 0.028).
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This report is in the form of a letter and is therefore short of some important
information. Randomisation was done by drawing closed envelopes, but no
further details are given. Demographic and other baseline data is not
reported, which means the influence of confounding variables cannot be
assessed. The level of adherence is difficult to estimate from the figures
given. This study shows a marked difference between the intervention and
control groups in terms of the rate of hip fracture. However, the small sample
size and high attrition rate reduce the power of the study. It is not clear
whether analysis was on the basis of intention to treat. No confidence
intervals are given, so the likely effect of the small sample size is difficult to
estimate.
In a study presented as a short abstract, Hindso and Lauritzen (2000) tested
the effectiveness of Safehip hip protectors (force-dispersing protectors
similar to those used by Lauritzen et al [1993]) in preventing hip fracture in
older people of more than 74 years who had already suffered a hip fracture.
Three sets of hip protectors were offered to 303 patients in one hospital, and
244 patients from another hospital acted as controls. Patients were followed
up over 12 to 18 months. Sixty-five percent of patients accepted the hip
protectors. The rate of hip fracture in the control group was 4.6 percent.
Analysis by intention to treat did not show a significant difference between
groups; neither did analysis based on those initially accepting the hip
protectors; nor when based on continued use. All of these groups showed a
non-significant reduction, but only the sub-group of 60 patients who used the
hip protectors regularly or everyday showed a statistically significant
reduction: none suffered hip fracture.
This study is difficult to appraise because the short abstract lacks some
necessary detail. The objectives of the study are to “evaluate the effect of hip
protectors on risk of subsequent hip fractures.” (Hindso and Lauritzen, 2000,
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P. S150). However, it is not clear whether this is the effect of offering the hip
protectors to this group (which is consistent with the intention to treat
analysis), or the effect of wearing the protectors (which is consistent with the
final sub-group analysis). The relevance of analysis based on those who
accepted, or who continued to use hip protectors intermittently is not made
evident. There is no data on the characteristics of groups, sub-groups, or the
hospitals from which they came. This means the reader cannot be satisfied
that there were no confounding differences between the groups. Sample size
is not discussed and confidence intervals are not given. The absence of
important methodological information and the relatively small size of the subgroup using hip protectors regularly (60 patients) mean this result should be
treated with caution.
Chan et al (2000) evaluated the effectiveness and acceptability of a newly
designed hip protector amongst residents of nursing homes. In contrast to
the relatively rigid force-dispersing hip protector, this protector is made of
flexible “EVA foam” that is 25 millimetres thick, and is designed to absorb the
force of a fall. Staff from nine nursing homes identified residents that they
considered to be at high risk of falling. Forty residents were randomised to
receive hip protectors and 31 to act as controls. The hip protectors were not
worn at night. Residents were followed up over nine months. Three fractures
occurred in the intervention group and six in the control group. The relative
risk of hip fracture in the intervention group was 0.264 (95% CI 0.073 to
0.959).
No eligibility criteria for participants are described, and the selection of
participants relied on staff perceptions of the residents’ risk of falling, rather
than any formal evaluation. This makes it difficult to identify the particular
population from which these residents are drawn. The hip protectors are of a
different type than those evaluated elsewhere in the literature. They are
described in detail and illustrated in a figure. However, there is no evidence
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that their properties have been formally tested in the laboratory before their
use in this study. Efficacy is assumed from the successful use of the material
in matting for martial arts. This seems to be an unwarranted inference, as the
populations (frail older people compared to trained athletes) and mode of
action in the case of a fall (protecting a bony prominence compared with
cushioning the entire body) are very different. Sample size calculation is not
described and the small number of participants, together with the relatively
short intervention period, means the study is likely to lack statistical power.
Randomisation of participants is vaguely reported (“Random assignment of
subjects was achieved in most nursing homes...” [Chan et al 2000, P.27]). No
baseline data on participants is offered.
When calculating the relative risk of hip fracture, the denominator is the
number of falls in each group rather than the number of residents in each
group. Presumably, this is because efficacy can be defined as preventing hip
fracture in the event of a fall. However, there are two important limitations to
this approach. First, it assumes that all falls are equally likely to lead to a hip
fracture, whereas falls to the side represent a greater risk than those forward
or backward (Greenspan et al, 1994, 1998; Slemenda, 1997). Chan et al
(2000) report that 74 percent of falls were of unknown orientation, with only
9.6 percent known to be falls to the side. Second, the figures would be
influenced by residents who fall more frequently than do others. In this study,
participants in the intervention group fell 191 times (4.78 falls per resident)
and those in the control group 101 times (3.26 falls per resident). Relative
risk is calculated based on the number of fractures per fall and the
intervention group fell proportionately more often than the control group (a
fact that in itself tends to support the efficacy of the hip protectors). However,
the relative risk is lower than that obtained if the calculation is based (as it is
in most other studies) on the number of fractures per participant (RR 0.264
compared to 0.39). Adherence was measured as 50.3 percent and defined
as the percentage of falls that took place when residents were wearing hip
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protectors. This figure is also difficult to interpret in that residents who are
wearing the hip protectors may fall on multiple occasions, so inflating the
figure for adherence. Alternatively, residents may wear the protectors
regularly, but not fall, and so make no impact on the figures for adherence.
Given the limitations in relation to recruitment, sample size, lack of baseline
data, and randomisation, together with the wide confidence intervals reported
for relative risk, the results from this study should be treated with caution.
Kannus et al (2000) evaluated the effectiveness of a force-dispersing hip
protector in preventing hip fracture amongst older people in geriatric long-stay
facilities and those attending outpatient units for supported living at home in
Finland. Treatment units were randomised to intervention and control groups
in a 1:2 ratio, giving 650 residents in the intervention group (of whom 204
refused to take part), and 1075 in the control group (of whom 94 refused to
take part). Residents were followed up over 18 months and the number of
hip, pelvic and other fractures recorded. Adherence was measured through
direct observation by caregivers and defined as wearing the hip protectors for
at least one hour that day. Thirteen participants in the intervention group and
67 in the control group suffered a hip fracture. The relative risk of hip fracture
in the intervention group was 0.4 (95% CI 0.2 to 0.8). There was no
significant difference between the groups in the rate of pelvic or limb
fractures. Mean adherence (expressed as the number of days the hip
protector was worn as a percentage of all available follow-up days) was 48
percent. The number needed to treat for one year to prevent one hip fracture
was calculated as 41 persons (95% CI 25 to 115).
The facilities and units taking part in the study were selected by research
coordinators from the 22 community health centres who run them. However,
the number of units taking part is not clear in the report and there is no
indication of the basis on which these units were selected. Within each unit
men and women who were 70 years or older, were able to walk, and who had
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at least one pre-defined risk factor for hip fracture were eligible for the study.
Treatment units were then randomised to intervention or control groups by an
independent physician using sealed envelopes. Comprehensive baseline
data on all participants is presented in a table, together with a diagram
showing the flow of participants through the study.
The relative risk of hip fracture is calculated based on the rates of hip fracture
per 1000 person-years (21.3 in the intervention group and 46.0 in the control
group). This is reasonable because of the numbers of participants inevitably
lost to the study and the numbers joining during the study during the 18month intervention period. However, in order to evaluate the effectiveness of
an intervention, it is usual to include all participants in the analysis according
to the intervention to which they were allocated, whether they received it or
not (an intention to treat analysis). This reflects the obstacles to adherence
that might be found in everyday practice, and the spread of recipients who
would normally be offered the treatment (Cochrane reviewers’ handbook,
2001). In randomising by treatment unit (rather than by individual), Kannus et
al (2000) appear to be setting out on such a study. However, they do not
include in their analysis the 298 who refused to participate (204 of whom were
in the intervention group). They also exclude (from the time they left the
study) the 71 participants who subsequently refused to continue with the hip
protectors, the 219 who “dropped out” of the intervention group, the 90 who
refused to continue with the study in the control group, and the 438 who
“dropped out” of the control group. These 1,116 participants represent 53
percent of the 2099 invited to take part in the study over the 18-month period.
In the intervention group, the proportion is even greater: 494 of 857
participants (57%). It is also notable that 207 participants were recruited to
replace the 219 who dropped out of the intervention group, but only 167
participants were recruited to replace the 438 who dropped out of the control
group, again suggesting that an intention-to-treat analysis was not carried out.
Had an intention-to-treat analysis been carried out, it is possible that the
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intervention effect would be diluted and any difference in relative risk reduced.
The number needed to treat might also be greater. In terms of adherence,
this dilution effect is even more influential, as participants dropping out of the
study are probably no longer using the hip protectors (i.e. their adherence is
zero) yet they are no longer included in the analysis for adherence.
These anomalies indicate that the trial perhaps tests efficacy rather than
effectiveness. Even here there are difficulties, because randomisation was by
treatment unit (and the number of units is not clear) yet the analysis is by
individual. A sample size calculation was carried out but it is not stated
whether the design effect of randomisation by cluster was taken into account.
This raises the possibility that the study has insufficient statistical power.
Kannus et al (2000) discuss this issue and argue that because hip fracture is
a relatively rare event, the reduced variation between individuals within the
cluster (the treatment unit) is likely to have had little influence on the results.
However, more important than the frequency of the event is the susceptibility
of the event to cluster related factors. For example, there are likely to be
differences between participants in geriatric long-stay facilities and those
attending outpatient units for supported living at home. Residents of nursing
and residential homes have been estimated to be three to seven times more
likely to suffer a hip fracture than non-institutionalised older people (Ooms et
al, 1994; Slemenda, 1997; Norton et al, 1999). It is possible that a similar
disparity exists between the different units in this study, but Kannus et al
(2000) give no figures for the number of fractures in the different types of
units.
Sub-group analysis of all falls within the intervention group shows that there
were 4 hip fractures amongst participants wearing the hip protectors and 9
amongst those who were not. Participants falling whilst wearing the hip
protectors had a relative risk of hip fracture of 0.2 (95% CI 0.05 to 0.5)
compared to those who fell without the hip protectors. However, participants
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were not randomised within the intervention group, so the validity of these
results must be in question. Overall, the trial shows a marked reduction in the
rate of hip fracture amongst those included in the intervention group analysis.
However, the failure to analyse on an intention-to-treat basis weakens the
study in terms of evaluating effectiveness, whilst neglecting the effects of
randomising by cluster reduces its power in terms of measuring efficacy. It is
likely that risk is reduced, but perhaps not to the degree described here.
Gross et al (2000) investigated the effectiveness of HipSavers TM hip
protectors in preventing hip fracture amongst older people who were
members of a health care programme providing for those living in their own
homes but requiring significant assistance with activities of daily living. The
hip protector is made of urethane foam, and is relatively soft and flexible.
Twenty-nine members who were assessed as being at high risk of falls
because they had had two or more falls in the previous four months were
given hip protectors; the remaining 438 were not. The mean age of those
wearing the hip protectors was 79 years, compared to 80 years in the
remainder, and there were six percent more males in the non-wearer group.
Both groups were followed up over 26 months. Some members moved from
the non-wearer to the wearer group if their risk of falls increased.
There were 199 falls amongst the 29 wearers (3.17 falls/person/year) and 369
amongst the 438 non-wearers (0.38 falls/person/year). There were 16 hip
fractures amongst the non-wearers but none amongst those wearing the hip
protectors. Gross et al (2000) conclude that HipSavers TM hip protectors are
effective in reducing the risk of hip fracture. This conclusion is problematic as
participants were not randomised to intervention and control groups and there
were far fewer wearers than non-wearers (as Gross et al [2000]
acknowledge). Consequently, one cannot be satisfied that the lower
incidence in the hip protector group was due to the hip protectors. On the
other hand, there were far more falls amongst those wearing the hip
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protectors, which indicates a protective effect. This observational study
suggests rather than supports the effectiveness of HipSavers TM hip
protectors. A randomised trial is needed to provide evidence that is more
conclusive.
Harada et al (2001) investigated the effectiveness of a force-dispersing hip
protector in preventing hip fracture amongst older people in six nursing
homes in Japan. Residents who were female, able to stand unaided, and
who were not dependent on a wheelchair were eligible for the study. Of the
520 residents in the home 164 were eligible and available for the trial.
Residents were randomised within homes giving 88 in the intervention group
and 76 in the control group. Follow-up was for two years in one home and
subsequently for one year in the remaining five. Baseline data was collected
on all participants, including body mass index, grip, thigh circumference, and
triceps and trochanter skin-fold thickness – all of which have been associated
with risk of hip fracture in previous studies. Bone density of the calcaneal
bone was estimated using ultrasound measurements as this is thought to be
related to bone density of the proximal femur.
There were no significant differences between groups, except that the control
group had a greater mean height than the intervention group. Daily
adherence was directly observed by care staff, with full daily adherence
defined as 24 hour wear, and partial adherence where the protector was worn
for part of the day. The proportion of available days where the hip protector
was worn gave a percentage adherence of 70 percent for full adherence and
17 percent for partial adherence. There were eight hip fractures in the control
group and one in the intervention group (the participant was not wearing a hip
protector at the time). Hip protector wear, baseline data, together with the
number of falls per subject, were used as variables in a Cox’s proportional
hazard regression analysis. Only hip protector wear was shown to have a
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significant independent effect on the incidence of hip fracture (hazard ratio
0.082, 95% CI 0.009 to 0.746).
Harada et al (2001) acknowledge that their sample size is small. However,
they calculate that 120 participants give 80 percent power to detect a
reduction in the rate of hip fracture of nearly 90 percent at the five percent
level of significance. Given that much larger studies have shown smaller
reductions of 56 percent (Lauritzen et al, 1993) and 77 percent (Ekman et al,
1997) it is not clear on what previous research this predicted reduction and
sample size is based. No details are given of the randomisation process and
no rationale is given for the unusual design of the study (a two year
intervention period in one home and subsequently for one year periods in the
remaining five). The eligibility criteria are rather narrow, which limits the
degree to which the results from the trial could be generalised. However, the
researchers have collected data on other risk factors for hip fracture and
controlled for these in their analysis, which adds strength to their research as
a trial of efficacy. They have also achieved remarkably high adherence,
which they attribute to the commitment and good understanding of the care
staff. The limitations of this study are its small size and narrow eligibility
criteria. Its strengths are that it includes a number of other risk factors in the
analysis and the high adherence achieved amongst participants. Overall, the
study provides reasonably strong evidence for efficacy.
Cameron et al (2001) evaluated the efficacy of hip protectors of the forcedispersing type (Safehip) amongst elderly residents of nursing homes and
hostels in Australia, who were considered to be at higher risk of hip fracture.
They recruited residents from 32 facilities who met the eligibility criteria (being
female, aged over 75 years, with a history of two or more falls in the last
month, and not bed or chair-fast). There were 196 eligible residents, of whom
22 refused to take part. The remainder were randomised within facilities.
Follow up was over 18 months. Randomisation was by numbered, sealed,
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opaque envelopes following enrolment in the study, with stratification by type
of facility. The original sample size calculation indicated that 120 subjects in
each group would give 80 percent power, at the five percent level of
significance, to detect a reduction in the incidence of hip fracture from 15 to
four percent (a relative risk reduction of 75 percent) over the 18 month
intervention period, assuming 75 percent adherence. Cameron et al (2001)
report that this sample was not obtained because of limited funding, and
neither did adherence reach the necessary level. Consequently, they
acknowledge that the study had low statistical power to detect anything but a
very large effect.
There were 86 participants in the intervention group and 88 in the control
group. Data on baseline characteristics of residents were collected, including
level of dependence, mental capacity, use of restraints, a history of falls, and
previous stroke or hip fracture. A nurse was employed to supply and fit the
protectors, and to encourage staff and residents to continue with their use
during the 18 months of the study.
There were 28 deaths in each group during the intervention period.
Residents in the intervention group were more likely to require restraint, and
less likely to have had a previous hip fracture. There were no significant
differences between the number of falls or injurious falls in the two groups.
Adherence was measured at about 18, 67, 321 and 544 days, with full
adherence defined as the hip protector being worn throughout the day
(though not at night). The mean percentage follow up time during which hip
protectors were worn was 57 percent (SD 40%). Hip protectors were worn in
54 percent of the 321 falls suffered by residents in the intervention group.
There were 28 deaths in each group during the intervention period. There
was no significant difference between the groups in the rate of hip fractures.
There were eight hip fractures in the intervention group and seven in the
control group (Cox’s proportional hazard ratio of 1.46, 95% CI 0.51 to 4.20).
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Only one of the hip fractures in the intervention group occurred whilst the hip
protectors were being worn, and in this case, they were not properly applied.
Torgerson and Watt (2002) provide a short report of a trial to test the
effectiveness of hip protectors in preventing a second hip fracture amongst
people of 70 years or more living in their own homes. There were 182
participants in the intervention group and 184 in the control group, with follow
up over 14 months. There were six hip fractures in the intervention group
(five when the participants were not wearing the hip protectors) and two in the
control group (OR 3.10, 95% CI 0.62 to 15.58). The authors conclude that
their trial does not suggest a benefit from hip protectors outside residential
accommodation. However, the truncated nature of the report (details of
sample size calculation, randomisation procedures, eligibility criteria, and
participant characteristics are absent and there are no figures for adherence
or falls) does not allow independent judgement of the validity of this
statement. It is possible that with high levels of adherence an effect might be
found.
Meyer et al (2003) evaluated the effectiveness of a force-dispersing hip
protector (Safehip) in preventing hip fracture amongst older people in 42
nursing homes in Hamburg, each with at least 70 residents. Residents who
were 70 years of age or more, who were not bedridden, and who had been
living in the home at least three months were eligible to receive the hip
protectors. Some large homes had independently working wards so
altogether there were 49 clusters. Clusters were randomised to intervention
and control groups, giving 25 clusters with 459 residents in the intervention
group, and 24 clusters with 483 residents in the control group. The impact of
cluster randomisation on the power of the study was taken into account in
determining the sample size (Ukoumunne et al, 1999a,b). The hip protectors
were introduced into the homes by staff who had been offered a single,
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structured education session by the researchers. Three hip protectors were
provided to the residents free of charge.
Baseline characteristics of clusters and residents were similar between
intervention and control groups. Follow up was for 15 months. There were
21 hip fractures in the intervention group (four where the resident was
reported to be wearing the hip protectors at the time of the fracture) and 39
hip fractures in the control group (RR 0.57, Absolute Risk [AR] –3.5%, 95% CI
–7.3% to 0.3%). Adherence, defined as wearing the hip protector at the time
of a fall, was 58 percent. That is, the hip protectors were worn in 552 of 946
falls in the intervention group. One hundred and fifty-eight of the 459
residents in the intervention group (34%) and 158 of 237 residents from the
intervention group who fell (67%) wore the hip protectors during at least one
fall. Interestingly, 40 of the 483 residents in the control group (8%) also wore
hip protectors not supplied by the researchers. Hip protectors were worn in
160 of 1409 falls (11%) in the control group and 40 of 274 fallers (15%) wore
the hip protectors during at least one fall. Meyer et al (2003) argue that this
limited use of hip protectors may have prevented a disproportionate number
of hip fractures in the control group as those most at risk of hip fracture in the
control group might be expected to have chosen to wear hip protectors. This
may have affected the relative risk between the groups.
Meyer et al (2003) state that all eligible residents in the intervention group
were offered the hip protectors and that analysis was based on intention to
treat the participating residents. However, it is important to note that 44 of 86
homes declined to participate, which raises the question of the degree to
which participating homes were representative of the wider population in
nursing homes. This difficulty is compounded by the relatively small
proportion of residents who participated. The mean number of residents in
homes was 137 for the 25 intervention homes and 116 for the 24 homes in
the control group. If these figures are used to provide an estimate of the total
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number of residents in the study homes, then the 942 residents in the study
represent only 15 percent of the estimated population of 6,209 in the homes.
Consequently, the hip fractures reported relate only to the sub-group of
residents participating in the study. No figures are provided for the 5,267
residents who did not participate. Without these figures, it is impossible to
assess the overall impact of the hip protectors on the incidence of hip
fractures in this nursing home population.
A major strength of this study is that the impact of cluster randomisation on
the power of the study was taken into account in determining the sample size
and in the analysis of data. However, if the purpose of cluster randomisation
was to evaluate the effect of the intervention on the cluster as a whole, then
this is undermined by excluding non-participating residents, who form the
great majority in the homes.

3.7.3

Discussion of clinical trials

Drawing general conclusions from these studies is not straightforward. The
variation between studies in terms of population, sample size, and in the
definition of key variables, means results cannot be readily compared.
However, certain common findings are evident in the randomised controlled
trials (Table 3.1).
First, all but three of the studies report a significant reduction in the rate of hip
fracture when hip protectors are used (Lauritzen et al,1993; Jantti et al, 1998;
Hindso and Lauritzen, 2000; Chan et al, 2000; Kannus et al, 2000; Harada et
al, 2001). However, the power of the larger studies is compromised by failure
to take their randomisation by cluster into account when estimating sample
size (Lauritzen et al, 1993; Ekman et al, 1997; Kannus et al, 2000). The only
large study that did make allowance for the effect of clusters did not show a
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significant reduction in risk (Meyer et al, 2003). The studies randomised by
individual suffer from relatively small samples and are sometimes
incompletely reported. Harada et al (2001) provide the strongest evidence for
efficacy, largely because of the exceptionally high adherence achieved in that
setting. Only Kannus et al, (2000) and Meyer et al (2003) report hip fractures
when the hip protector was worn.
Second, all the studies focus on populations at high risk of suffering a hip
fracture: either older people in residential care homes (Lauritzen et al,1993;
Jantti et al, 1998; Chan et al, 2000; Kannus et al, 2000; Harada et al, 2001;
Cameron et al, 2001; Meyer et al, 2003) or those with previous hip fracture
(Hindso and Lauritzen, 2000; Torgerson and Watt, 2002). Within this highrisk group, various sub-groups are targeted – principally those thought to be
at greatest risk of falling (Jantti et al, 1998; Chan et al, 2000; Cameron et al,
2001), and female residents (Harada et al, 2001; Cameron et al, 2001).
Consequently, these studies do not provide strong evidence for use of hip
protectors in other populations.
All studies report problems persuading older people to wear the hip protectors
(this is dealt with in detail below). With the exception of Chan et al (2000) and
Gross et al (2000), all the studies used hip protectors of the force-dispersing
type with designs based on those developed following laboratory trials. Chan
et al (2000) used a more flexible type of hip protector with a novel design, but
provided no laboratory evidence for its efficacy in dispersing the force of a fall.
Gross et al, (2000) used a design found to be efficacious in a laboratory study
(The HipSaver Company, Inc., 2000). Those studies that report the incidence
of pelvic fracture did not show that the hip protectors had a significant effect
on risk (Lauritzen et al,1993; Kannus et al, 2000; Cameron et al, 2001). The
only adverse effects reported are skin irritation (Ekman et al, 1997; Kannus et
al, 2000) and needing more help when using the toilet (Jantti et al, 1998).
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Meyer et al (2003) report a higher number of falls in the control group
compared with the intervention group. However, four studies report a higher
rate of falls amongst residents wearing hip protectors compared to those in
control groups (Lauritzen et al, 1993; Jantti et al, 1998; Chan et al, 2000;
Harada et al, 2001). It is suggested that this may be due to staff (Jantti et al,
1998; Chan et al, 2000) and residents (Jantti et al, 1998) believing that
residents wearing the hip protectors are at less risk of serious injury if they
fall, and therefore being willing to risk moving about more freely. This is
borne out by Cameron et al’s (2000) study of 131 older women living at home,
with a history of hospital admission following a fall. Those randomised to use
hip protectors developed a greater belief in their own ability to avoid falling
than controls. Alternatively, if randomisation procedures were not effectively
concealed, staff may have given hip protectors to those they considered to be
most at risk of falling.
In summary, there is reasonably strong evidence that hip protectors are
efficacious in reducing the risk of hip fracture amongst older people at highest
risk. However, the size of the reduction in risk has not been clearly
established, and the use of hip protectors in other populations has yet to be
investigated.

3.8

Acceptability of hip protectors to older people

Hip protectors can only work if they are worn, so their acceptability to
residents is a central issue. Measuring the acceptability of hip protectors has
two aspects: initial acceptance (which can be defined as the proportion of
those who are asked that is willing to start using them), and adherence (which
can be defined as the proportion of those who start that continues with their
use). When assessing initial acceptance of hip protectors it is important to
establish what population any given sample represents, as these vary
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considerably between studies. A related issue is how adherence is to be
defined and measured. Researchers define adherence in various ways, and
measure with different levels of rigour and frequency. They may also express
adherence as a proportion of all persons offered the hip protectors, or of all
persons initially accepting them. Both of these approaches offer useful
information but will not produce comparable figures. It is also helpful if the
researchers can identify salient characteristics of those who accept hip
protectors and those who do not, and of those who continue with their use
and those who do not. Other factors that may affect the use of hip protectors
are the design of the garments themselves and the social context in which
they are used.
Studies in this area have taken the form of asking older people whether they
would use hip protectors if they were offered them; studies that are designed
specifically to measure initial acceptance and adherence; and studies that
measure acceptability as part of a trial of effectiveness. There has been one
systematic review, which is discussed below.

3.8.1

Systematic review

Van Schoor et al (2002) carried out a systematic review of “Acceptance and
compliance with external hip protectors.” (van Schoor et al, 2002, P. 917).
As with the systematic review of trials of effectiveness discussed above, this
review will be assessed in the light of the recommendations of Sutton et al
(1998).
The objectives of the review are described as assessing the determinants of
compliance with hip protectors. The reviewers report that the heterogeneity
of the studies meant that the results could not be statistically pooled, and they
offer instead a qualitative summary of the literature. No standard
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methodological assessment criteria are reported. This indicates that they
may have changed the methodological protocol for the review rather than
assessing the research material in the light of it. Sutton et al (1998) argue
that this may lead to reviewers favouring a certain outcome once the material
has been gathered. The broad inclusion criteria were: that the intervention
should be the use of hip protectors; that the outcome measures should
include either compliance (adherence) or primary acceptance; that the
participants should be 65 years or older.
The research strategy appears to be comprehensive, although there is not
sufficient detail to allow replication – such information being available “on
request.” Two reviewers independently selected the articles, resolving
disagreement through discussion. The median acceptance and compliance
were calculated, together with the interquartile range but, as noted above, the
results could not be pooled, and there is no standardised approach to data
extraction documented.
Data from the studies are clearly presented in tables, including definitions of
acceptability from the studies and figures for initial acceptance and
adherence, and descriptions of the factors thought to determine adherence.
These results are discussed in the text and tentative conclusions are formed.
Primary acceptance was found to vary between 37 and 72 percent (median
68%, interquartile range 57-70%) and adherence between 20 and 92 percent
(median 56%, interquartile range 41-73%). However, van Schoor et al (2002)
note that many studies do not define adherence clearly and that definitions
vary between studies. A number of different determinants of non-adherence
were identified. These were: poor fit; discomfort; the extra effort and time
needed to wear the protectors, especially for those suffering urinary
incontinence; physical weakness, especially of the upper limbs; and illness,
for example dementia. Increased adherence was associated with younger
wearers; softer hip protectors; lower grip strength; a positive perception of the
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appearance, comfort and usefulness of the hip protector; and a history of
falling. Van Schoor et al (2002) argue that this last factor may explain the
effectiveness of hip protectors in some trials with relatively low adherence.
Van Schoor et al (2002) recommend that future studies define acceptance as
a percentage calculated from the number of participants who agree to wear
the hip protectors divided by the total number asked to wear the hip protector.
They argue that adherence is best measured through observing participants
during unannounced visits and advocate three ways of calculating adherence:
the proportion of participants who wear the hip protectors during the day (or
the proportion of follow up days during which hip protectors were worn); the
proportion of participants who adhere both day and night; and the proportion
of falls with hip protectors in place. Van Schoor et al (2002) recommend that
hip protectors be re-designed for easier use by older people, and that future
studies explore characteristics of those who are likely to adhere to their use.
Although this review is not systematic, in that it does not assess the studies
against defined methodological criteria, it is certainly comprehensive, and
effectively identifies most of the significant factors affecting the acceptability
of hip protectors.

3.8.2

Studies describing attitudes to wearing hip protectors

Three studies investigated the response of older people to a hypothetical offer
of hip protectors. Myers et al (1995) interviewed 108 patients, 94 percent of
whom were living in the community, who were in hospital because of a hip
fracture, and who had sufficient mental capacity to give their views. The
patients were asked about their receptivity to hip protectors, described as a
pair of underpants with padding. Seventy percent indicated that they would
be willing to wear hip protectors if a doctor prescribed them. Patients who
87

reported willingness to wear hip protectors were more likely to report a fall to
the side (rather than forwards or backwards) as a cause of their hip fracture,
and to perceive the cause of their fall as intrinsic (for example legs giving
way) rather than extrinsic (for example tripping or slipping). The most
important concerns expressed were that the protector should be effective,
and that the garment was comfortable and easy to launder. Less important
were cost and appearance.
This study asked patients in hospital after a hip fracture what they would do in
a hypothetical situation. It is doubtful that their views can be generalised to
people for whom the possibility of hip fracture may seem more remote. Myers
et al (1995) also studied patients who were unable to respond for themselves,
by interviewing their relatives. These results are not reported because the
two groups had quite different characteristics (those requiring proxies were
older, less mobile, and less mentally capable). The results from this group
would have been of interest, because of their increased risk of hip fracture.
Zimmer and Myers (1997) asked 1406 people aged 65 or older and living in
the community, whether they would consider wearing a garment that could
prevent or decrease injury should they fall. This garment was described as
“something like an undergarment worn underneath one’s outerwear.”
(Zimmer and Myers, 1997, P. 359). Thirty-six percent answered yes. A
positive response was associated with dissatisfaction with social contacts,
female gender, mobility problems in the home, previous injury due to an
accident, recent home renovations (for health reasons), and being at middle
levels of education (not highly educated or with limited education).
Receptivity to this garment was measured as part of a larger health needs
assessment and appears to be only a small part of that project. This perhaps
accounts for the vague description of the garment and its purpose, but it
means the results are of limited value in gauging response to a garment
specifically designed to prevent hip fracture.
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Butler et al (1998), used focus groups to elicit opinions on the use of hip
protectors from 15 residents and 29 staff in private hospitals and rest homes
in New Zealand. Participants were able to examine three different varieties of
hip protector, presumably of the force dispersing type. The staff thought the
hip protectors were acceptable, although they had concerns that they would
be difficult to manage with heavily incontinent residents. However, in terms of
workload, they felt this was worth the effort to prevent hip fracture and the
resulting increases in workload caused by a more dependent resident.
Residents who were at higher risk of falling were thought to be the most
suitable wearers. Most residents found the garments acceptable, with men
more concerned about comfort and women about appearance. Men wanted
a garment with a Y-front opening. All residents were concerned that the
garment would be too tight. This is an interesting exploratory study, and
highlights concerns that might need to be addressed when introducing hip
protectors in this environment.

3.8.3

Studies focused on measuring the acceptability of hip
protectors

Hindso et al (1996) offered hip protectors free of charge to 38 inpatients in an
orthopaedic department before discharge. Twenty-five patients (66%), with
an average age of 82 years, agreed to wear the hip protectors (although three
could not be successfully fitted with them). Of the thirteen who refused the
hip protectors, eight did not consider themselves to be at high risk of
subsequent hip fracture. Those who refused reported fewer falls at home,
and better balance and mobility before admission, but had a lower mental
score. This study is described in a short report, with no information on how
the patients were selected, or of their age and sex. This brevity, together with
the relatively small sample size, means it is difficult to account for the possible
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influence of other variables (such as gender and type of fracture). No data is
presented on subsequent adherence. Nevertheless, as an exploratory study,
this does indicate the level of initial acceptance that might be expected in this
population.
Villar et al (1998) studied 626 female residents of 31 “rest homes” in the
United Kingdom. Residents were excluded if they were unable to give
informed consent because of dementia or communication problems, if they
had a history of pressure sores, or if their general practitioner was unwilling
for them to take part. Also excluded were women who took an extra large
dress size (UK 18 – 20) because they were too big for the garment. The
eligible residents were randomised to intervention and control groups on a
two-to-one basis. Those in the intervention group were offered three pairs of
force dispersing hip protectors free of charge and asked to wear them every
day for 12 weeks. Adherence was measured by “randomly timed” fortnightly
visits. Staff in the homes kept a record of falls, whether there was direct
trauma to the hip, and the outcome. Of the 626 female residents identified,
338 were excluded (235 because of cognitive impairment, 53 due to poor
physical health and 40 for other reasons). Of the 288 eligible residents, 147
(51%) decided not to take part. Of the remaining 141, 101 (age range 72 to
98 years) were allocated to the intervention group.
Twenty-seven (27%) of the intervention group wore the hip protectors for 12
weeks. Fifty-four stopped wearing them in the first week, and 20 (including
four who died or moved away) stopped over the remaining weeks. Most of
those who stopped within one week did so because of discomfort (37%) or
poor fit (26%), as did the 20 who subsequently stopped.
This study was a pilot for a trial of efficacy, so participants were randomised
and data on falls and fractures collected. However, In terms of the focus on
acceptability, the trial is an observational study. The falls data is not used in
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the analysis of adherence (it might have been interesting if an association
was found between those who fell and use of the hip protectors). This study
does provide valuable data on the reasons for which older people may decide
to stop wearing hip protectors. Villar et al (1998) suggest that making the
garment more comfortable could double the rate of adherence. However,
these results come from a rather narrowly defined sub-group, which excluded
men, and also women with significant cognitive impairment. Villar et al (1998)
acknowledge that cognitively impaired residents are at higher risk of hip
fracture and suggest that adherence may be greater amongst this group.
Adherence was measured over three months but to achieve maximum effect
hip protectors must be worn for life. No information is provided on the use of
hip protectors at night. Fifty-one percent of those eligible declined to take
part, which means that initial acceptance was 49 percent. However, Villar et
al (1998) consider that this was not because of opposition to using the hip
protectors but because of reluctance to take part in research. This assumes
that all 147 residents who refused would have taken the hip protectors if they
had been of proven efficacy but no evidence for this conclusion is offered. It
is more likely that a proportion refused because they simply did not want to
wear the hip protectors (Kannus et al [2000] report that 31 percent of those
randomised to receive hip protectors in their trial refused to take part,
compared to nine percent in the control group). The difficulty of accurately
identifying the reasons why eligible potential participants refuse to take part in
a clinical trial of hip protectors is a challenge for all researchers in this area.
Parkkari et al (1998) studied adherence to use of hip protectors amongst
residents of a nursing home in Finland. The home had 57 residents, 26 of
whom were ambulant and therefore considered eligible for the study. The
staff of the home were given a one-hour introductory talk on the risk factors
for hip fracture, and then asked to select residents whom they believed were
at high risk of hip fracture. The 19 selected, four of whom suffered with
severe dementia, all needed a walking aid, the remainder walking
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independently. The residents selected were asked to use a force dispersing
hip protector (as described in Parkkarri et al [1994, 1995]) in a specially
designed garment. The staff recorded the time each person spent wearing
the hip protectors over the next six months, together with a record of falls.
Where possible, residents dropping out of the study were replaced by a new
resident of the same age and gender.
Twelve of the 19 residents (63%) accepted the hip protectors. There were
nine women and three men, with a mean age of 82 (SD 7) years. Two
participants became bed bound during the study and were replaced by new
residents. Of the seven residents who declined the hip protectors, three
refused on the grounds that they were too old to wear such a device. The
remaining four rejected the hip protectors after a few days wear, one because
the protector was pressing on her hip where she had undergone previous
surgery, the other because she did not believe herself to be at risk of falling.
Two demented residents simply took the protectors off without offering an
explanation. Two of the 12 participants who accepted the hip protectors wore
them night and day, the remainder only when awake. During waking hours
the mean time spent wearing the hip protectors was 11 hours (SD 4 hours),
which represents 91 percent of the days when participants were mobile. After
six months, 10 of the participants (including four severely demented
residents) continued to wear the hip protectors. None of the 12 participants
wearing the hip protectors, or the staff, complained about the appearance,
comfort, or fit of the protectors. Both staff and participants complained that
the garments were too tight, interfering with independent use of the toilet.
Parkkari et al (1998) reached relatively high initial acceptance (63%) and very
high levels of adherence (91%). This was accomplished by relying on home
staff to introduce the hip protectors following a short educational talk. These
are promising results but only in a small sample of a sub-group of residents
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(those walking with an aid), living in one home. It may be that other resident
groups, or those in other homes, would respond differently.
Birks et al (1999) sent a postal questionnaire to the 82 individuals and
institutions who had bought force-dispersing hip protectors through their
organisation. Information was sought on their experiences with the hip
protectors. Forty-five questionnaires (55%) were returned: 26 from those
living in nursing homes or hostels, the remainder from people living in their
own homes. Thirty-four questionnaires were completed by staff of the homes,
or by relatives of wearers.
The wearers were predominantly female (87%), with a mean age of 80 years
(SD 8.6 years). Forty-two percent were living in their own homes, 40 percent
in nursing homes, and 18 percent in hostels. The most frequently reported
main health problems were dementia (31%), followed by Parkinson’s disease,
balance problems, and a history of fracture or falls. Sixty percent of wearers
reported incontinence. Forty-four respondents indicated their level of
adherence to use of the hip protectors: 32 respondents (71%) reported using
the protectors during the day, four (9%) used them some of the time, and
eight (18%) did not use them at all. The residence of the wearer appeared to
make no difference to adherence. Respondents commented positively on the
quality, comfort, appearance, effectiveness, and ease of laundering of the
garment. Negative comments focussed on the difficulty in pulling the garment
up and down to use the toilet, leading to a loss of independence. Other
negative comments concerned discomfort at night, the limited sizes available,
and the high cost of the hip protectors.
Birks et al (1999) acknowledge that the response rate of 55 percent and the
small sample size limit the degree to which their results can be generalised.
However, this study does provide an insight into the issues that may arise for
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people using hip protectors, albeit amongst a highly motivated group who
have gone to the trouble of buying their own garments.
Hopper et al (1999) offered force-dispersing hip protectors (Safehip) to 83
older people discharged from hospital to their own homes, supported by a
community rehabilitation team, and assessed to be at high risk of falling.
Participants were assessed daily for their daytime adherence to using the hip
protectors.
The mean length of treatment by the team was 21 days. Thirty-five
participants (42%) refused the hip protectors, 29 (35%) stopped wearing the
hip protectors within three days, seven (8%) between four and seven days,
and eight (10%) between seven and 21 days. Only four (5%) wore them
throughout the observation period. Those who stopped within one week gave
reasons of discomfort (60%), difficulty with toileting (25%), and pain over a
fracture site (15%). Presumably, this last group had suffered previous hip
fracture. There were 84 falls, six wrist fractures and two hip fractures during
the observation period.
This study is of interest because adherence was very low, despite this group
being at high risk of falls and fracture (and in fact suffering a high number of
falls, and two hip fractures), and despite daily contact with a rehabilitation
team. Hopper et al (1999) consider that older people able to live in their own
homes but who require help to manage hip protectors when using the toilet
are unlikely to use them.
In a letter, Thompson and Jones (2000) report the results of a study amongst
older people receiving care in their own homes. Sixty-one people, 90 percent
of them female, aged 65 years and older (mean 84 years) were assessed to
be at high risk of falling. Of these, fifty agreed to take part in the study and 35
(70%) agreed to wear hip protectors of the force-dispersing type (Safehip),
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which were provided free of charge. During the next three months, they were
interviewed to determine how often they had fallen and how often they wore
the hip protectors.
Twenty-three of the 35 participants (66%) agreeing to try the hip protectors
reported wearing them “on most days.” However, if all those who agreed to
take part in the study are included in the analysis, then 23 of 50 participants
(46%) offered the hip protectors continued to wear them. Sixty-six percent of
those who reported a fall were amongst the group wearing the hip protectors
on most days, compared to 27 percent of non-fallers (P < 0.01). Thompson
and Jones (2000) suggest that those who fall are more likely to wear hip
protectors than those who do not. They believe this self-selection may
account for the reported success of hip protectors achieved with relatively low
levels of use.
Thompson and Jones (2000) have achieved high initial acceptance (35 of 50
who were offered the hip protectors - that is 70 percent) and 46 percent
adherence over a three-month period amongst a group at high risk of hip
fracture. However, they rely on the self-report of participants with regard to
levels of use and number of falls, which may not be reliable due to lapses in
memory or the participants’ desire to please the researchers.
Hubacher and Wettstein (2001) set out to study the effectiveness and
acceptability of force dispersing hip protectors amongst older people living in
20 nursing homes in Switzerland. This hip protector was not integral to the
undergarment but had to be fitted into it before use and removed before
laundering. The small number of hip fractures experienced meant that no
conclusions on effectiveness could be drawn, so their report centres on the
issue of acceptability. Nurses in the homes selected residents who were
considered at higher risk of falling according to the following criteria: previous
fracture caused by a fall, at least one fall in the last two years, unstable gait,
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danger of falling from a chair, prescribed restraints to prevent a fall, impaired
vision. Those who were confined to bed for more than three days a week or
who had a pressure sore near the hip were excluded from the study. Homes
were financially compensated for the extra work involved. Residents were
visited 20 times over the 10-month study period to check if they were wearing
the hip protector and for any difficulties experienced with the garments. At
three, six and 10 months residents were asked for their opinion on the
comfort, appearance and usefulness of the hip protectors. A record of all falls
and fall-related fractures suffered by residents was kept.
Three hundred and eighty-four residents (126 women and 38 men, with a
mean age of 86 years, SD 7.4 years) were offered the hip protectors. Of
these, 122 (32%) refused and 262 (68%) agreed to wear them. Of the 262
residents who agreed to wear the hip protectors, 124 (47%) stopped wearing
them over the course of the study period. Of the 124 who stopped wearing
the hip protectors, 38 percent stopped by the end of the first month, 59
percent had stopped by the end of the second month, and 68 percent by the
end of the third month. By the end of the study 138 of the 384 originally
offered the hip protectors (36%) were still wearing them. Calculation of
overall adherence showed that those who wore the hip protectors regularly
did so for 49 percent of the available time (including at night), on average
between 11 and 13 hours a day. Those who started but dropped out wore the
hip protectors for 10 percent of the available time. If all those who were
offered the hip protectors are taken into account, this group wore the hip
protectors for 20 percent of the available time. There were a total of 310 falls
amongst the group offered the hip protectors. This corresponds to a risk of
1.16 falls per person per year. Women had a lower risk (1.03) than men
(1.66: RR 0.66, 95% CI 0.51 to 0.84). Those who wore the hip protectors had
a higher risk (2.1) than those who stopped wearing them (0.71: RR 0.54, 95%
CI 0.31 to 0.71) and those who refused to accept them (0.74: RR 0.56, 95%
CI 0.43 to 0.73). Those who stopped wearing the hip protectors were more
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likely to rate them as very uncomfortable, and to find their appearance
unattractive. They were much less likely to rate the hip protectors as useful.
Resident characteristics associated with initial acceptance of the hip
protectors were: being physically restrained (for example through the use of
cot sides on the bed), being physically disabled, being at higher risk of falling
(as assessed using the study criteria), and being female.
Hubacher and Wettstein (2001) note that although those who stopped
wearing the hip protectors appear to have done so because they thought the
hip protectors uncomfortable, unattractive and ineffective, they, as well as
those who refused the initial offer, had a lower assessed risk of falling. The
researchers raise the possibility that residents who perceive themselves to be
at lower risk of a fall, may also consider themselves to be at less risk of hip
fracture, and so see little use for the hip protectors. Hubacher and Wettstein
(2001) also report their impression that where nurses and their managers had
a positive attitude towards the hip protectors, this was associated with greater
use of the hip protectors by residents. This study provides evidence that the
acceptability of hip protectors to residents at risk of falling is affected by the
design of the hip protectors (the researchers believe that the fact that the
protector had to be fitted to the garment made it less acceptable than a
garment with an integrated design). Other factors are residents’ perceived
risk of falling, and possibly the attitudes of the staff in homes towards the
garments. They recommend that wearers try a variety of models to find the
hip protector that suits them best.
Cryer et al (2002) studied the acceptability of force dispersing hip protectors
(Safehip) to residents of 17 English residential homes that had the highest
rate of hip fracture amongst the homes in a health authority area. Residents
who were 65 years or older were offered three pairs of hip protectors free of
charge, as part of a comprehensive intervention designed to reduce the risk
of falls. This took the form of a structured falls risk assessment to identify
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modifiable risk factors (long-term medical problems, postural hypertension,
dizziness, gait and balance problems, vision problems, a review of
medication, and a falls history). Where risk factors were identified, the home
manager made a referral to the appropriate professional to attempt to reduce
the risk. Adherence to using the hip protectors was assessed by the care
staff in the home during each of four sessions: in the morning, afternoon,
evening and overnight, over a six month period. Percentage adherence was
calculated by dividing the number of sessions during which the hip protectors
were worn by the number of available sessions.
The hip protectors were introduced to the residents and their homes using a
thorough implementation process. All staff who were involved (general
practitioners, home owners and managers, care staff, primary care staff) were
invited to meetings explaining the intervention and its rationale. Project
nurses carried out a two-hour teaching session in each home focusing on fall
and fracture risk and risk assessment, and provided a teaching resource
pack. Home owners and managers, and care staff were sent three letters
keeping them informed of the progress of the project and its wider impact.
The project nurses spent time with residents showing them the hip protectors
and explaining their use. Residents were also given comprehensive written
information on all aspects of the study, and those using the hip protectors
were visited weekly by a project nurse to assess their progress.
Of the 299 residents who were offered the hip protectors, 153 (51%) agreed
to try them. The proportion within homes varied from 24 to 94 percent across
the homes. Percentage adherence over 24 hours was 24 percent, with 25
(16%) of the 153 who initially accepted the hip protectors never wearing them.
These residents were excluded from calculations of adherence. This means
that the percentage adherence rate over 24 hours becomes 29 percent.
Daytime adherence was 37 percent (median 34%, range 0 – 80%). Daytime
adherence was 47 percent for the first month, over 40 percent for the next
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three, and around 30 percent for months five and six. Night-time adherence
was three percent.
It is not clear why Cryer et al (2002) chose to exclude the 25 residents who
accepted the hip protectors but never wore them from their calculations of
adherence. If they were included, the figures for adherence would be
reduced. On the other hand, these residents are not included amongst those
who initially refused the hip protectors. This decreases the number who
initially accepted the hip protectors from 153 to 128 (43%). Cryer et al (2002)
discuss their impression that adherence was best where staff in the homes
actively supported their use. They hypothesise that where carers have a
positive attitude to the use of hip protectors, adherence will be increased, and
that negative attitudes will have the opposite effect. This is borne out by the
variation in daytime adherence (0 – 80%) between homes, and by differences
between homes in terms of residents beginning to use the hip protectors (In
one home, none of the six residents accepting the hip protectors wore them,
and in another, only one of eight residents wore them).

3.8.4

Studies that measure acceptability as part of a trial of

effectiveness.
This section will summarise the information on acceptability from the
effectiveness studies reviewed above, with a particular emphasis on those
factors that are thought to influence acceptance and adherence.
Lauritzen et al (1993) offered a force-dispersing hip protector fixed in special
underwear to residents of a large nursing home. There is no mention of any
cost to the residents. There is no information on the rate of initial acceptance,
although the impression is gained that this was high. Adherence was
measured at 24 percent over 11 months. The definition of adherence
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appears to be when the hip protector was worn at the time of a fall in a
relatively small sub-group of two wards from the intervention group and two
from the control group. This happened in 11 of 45 falls, giving a figure of 24
percent. As noted above, this figure is difficult to interpret, in that residents
who are wearing the hip protectors may fall on multiple occasions, so inflating
the figure for adherence. Alternatively, residents may wear the protectors
regularly, but not fall, and so make no impact on the figures for adherence.
There is no information of how adherence might have changed over time. In
the absence of data on the number of falls in the remaining 26 wards, this is a
small sample from which estimate adherence. The residents’ reasons for not
wearing the hip protector are not reported, apart from one complaint that the
hip protectors were hot in summer. Lauritzen et al (1993) speculate that the
protectors were worn preferentially by recurrent fallers, who would also be
encouraged by staff, who would see them as having a high risk of hip
fracture.
Ekman et al (1997) offered residents of nursing homes a force-dispersing hip
protector of a similar type to that used by Lauritzen et al (1993), except that it
was designed to be held in place by a resident’s own underwear, rather than
a specially designed garment. No information is given on initial acceptance.
Adherence was 44 percent but there is no information as to how this figure
was derived. The main reasons for stopping use of the hip protectors were
reported as being bed bound, and skin irritation.
Jantti et al (1998) offered a force-dispersing hip protector to residents of a
nursing home in Finland. Residents with a history of a fall, and who could
walk without help were eligible for the study. Thirty-six participants were
offered the hip protectors and there is no record of any initial refusal. The
intervention period was 12 months. Seventeen participants died or were
permanently admitted to hospital during the intervention period. At the end of
the study period, 13 of the group were still using the hip protectors. The other
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six had stopped between one and nine months into the study period. There
are insufficient data to allow an accurate estimate of adherence. All that can
be said with certainty is that 13 (68%) of the 19 surviving residents were still
using the hip protectors after one year. This is a relatively high rate, but what
is unknown is the rate of adherence of those who did not survive, or how far
the survivors were representative of the whole group. The six residents who
stopped wearing the hip protectors did so between one and nine months.
They complained that the hip protectors were hot and uncomfortable in bed,
and increased the need for help when using the toilet. The 13 residents who
were still using the hip protectors at 12 months said that they were warm,
produced a feeling of safety, and reduced the fear of falling. This impression
was echoed by staff, who felt they could let wearers walk about more freely
as the consequences of falls were likely to be less severe. Jantti et al (1998)
note that most of the nurses taking part had a positive attitude to the use of
hip protectors.
Hindso and Lauritzen (2000) offered Safehip hip protectors force-dispersing
protectors similar to those used by Lauritzen et al (1993) to older people of
more than 74 years who were being discharged from hospital having suffered
a hip fracture. Sixty-five percent of patients accepted the hip protectors but
no figures are given for the number who continued to use them.
Chan et al (2000) offered a newly designed hip protector to residents of
Australian nursing homes considered by staff to be at high risk of a fall.
There was a small charge to the residents for the hip protectors. In contrast
to the relatively rigid force-dispersing hip protector, this protector was made of
flexible “EVA foam” that is 25 millimetres thick, and is designed to absorb,
rather than disperse, the force of a fall. There is no record of the rate of initial
acceptance of the hip protectors. Adherence was calculated to be 50.3
percent, based on the number of falls recorded where the hip protectors were
worn. As noted above, the figures derived from this method of calculating
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adherence are difficult to interpret as it takes no account of participants who
do not fall, and gives undue weight to participants who suffer multiple falls.
Staff identified a number of factors influencing adherence. These were the
bulky appearance of the hip protectors compromising residents’ dignity
(although none of the residents complained of this), limited cooperation from
demented residents (who comprised 65 percent of the sample), and difficulty
in dressing residents. Residents who stopped using the hip protectors felt
that they were not at risk of hip fracture. Reasons for this included beliefs (for
two residents who had suffered hip fracture before the start of the study) that
a previous fracture was pathological and not caused by a fall, and a belief that
having suffered one fracture another was unlikely. Others had a fatalistic
approach to the risk, and felt too old to care. Chan et al (2000) note that the
rate of falls was higher in the intervention group than in the control group, and
speculate that this may be because staff are less likely to restrict the
movement of residents wearing hip protectors because of the protection they
afford.
Kannus et al (2000) offered force-dispersing hip protectors to older people in
geriatric long-stay facilities and to those attending outpatient units for
supported living at home in Finland. Initially 69 percent accepted the hip
protectors. Mean adherence (expressed as the number of days the hip
protector was worn as a percentage of all available follow-up days during the
18 month study period) was 48 percent. It was measured through direct
observation by caregivers, and defined as wearing the hip protectors for at
least one hour that day. However, as noted above, Kannus et al (2000) did
not include the 57 percent of participants who dropped out of the intervention
group for various reasons in their calculation of adherence, once they had
dropped out of the study – when their adherence would presumably fall to
zero. Had they been included, the figure for adherence would probably be
considerably lower. Kannus et al (2000) report that 15 participants suffered
skin irritation, although this is not given as a cause of non-adherence. It is
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also important to note that each of the 22 health care centres taking part in
the study had a research coordinator who actively promoted the study in the
treatment units. This is likely to have had a positive impact on the use of hip
protectors.
Harada et al (2001) offered force-dispersing hip protectors to older people in
six nursing homes in Japan. Residents who were female, able to stand
unaided, and who were not dependent on a wheelchair were eligible for the
study. Of the 520 residents in the home 164 were eligible and agreed to take
part in the trial. Residents were randomised within homes giving 88 in the
intervention group and 76 in the control group. Follow-up was for two years in
one home and subsequently for one year in the remaining five.
There is no figure given for initial acceptance of the hip protectors, because
only those agreeing to take part in the study (and therefore in principle to
wear the hip protectors) were included in the analysis. Daily adherence was
directly observed by care staff, with full daily adherence defined as 24 hour
wear, and partial adherence where the protector was worn for part of the day.
The proportion of available days where the hip protector was worn gave a
percentage adherence of 70 percent for full adherence and 17 percent for
partial adherence.
This is a remarkably high adherence, which the researchers attribute to the
commitment and good understanding of the care staff. Some of this success
could stem from the fact that those who may be less likely to comply (for
example male residents and those perceived to be at lower risk of hip
fracture) are excluded by the narrow eligibility criteria. It may also be that
cultural factors had an effect, with residents disposed to submit to the
authority of the home (“protectors. … were given to each subject with
instructions to wear the protectors 24 h a day, as a rule.” Harada et al, 2001,
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P. 216). The researchers note that residents with dementia, once established
in the use of the hip protectors, continued to wear them habitually.
Cameron et al (2001) offered hip protectors of the force-dispersing type
(Safehip) to elderly residents of nursing homes and hostels in Australia, who
were considered to be at higher risk of hip fracture. They recruited residents
from 32 facilities who met the eligibility criteria (being female, aged over 75
years, with a history of two or more falls in the last month, and not bed or
chair fast). There were 196 eligible residents, of whom 22 refused to take
part. The remainder were randomised within facilities. Followed up was over
18 months. There were 86 participants in the intervention group and 88 in the
control group.
Adherence was measured at about 18, 67, 321 and 544 days, with full
adherence defined as the hip protector being worn throughout the day
(though not at night). At 67 days, 70 percent of participants were wearing the
hip protectors at least half of the day but on subsequent visits, this dropped to
48 and 43 percent respectively. The mean percentage follow up time during
which hip protectors were worn was 57 percent (SD 40%). Hip protectors
were worn in 54 percent of the 321 falls suffered by residents in the
intervention group. Cameron et al (2001) report major differences in the level
of adherence between different facilities (though no figures are given). They
believe higher adherence was influenced by the level of organisational
commitment to the project and by the comfort of the hip protectors. It may
well have been influenced by the nurse whom they employed to supply and fit
the protectors, and to encourage staff and residents to continue with their
use.
Meyer et al (2003) offered three pairs of force-dispersing hip protectors
(Safehip) free of charge to residents of nursing homes in Hamburg.
Residents were 70 years of age or more, were not bedridden, and had been
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living in the home at least three months. Residents were not approached
directly by the researchers. Instead, the hip protectors were introduced into
the homes by staff who had been offered a single, structured education
session by the researchers. This was a 60-90 minute session, delivered by
two researchers, to groups of no more than 12 staff from each cluster. It
covered the risk of hip fracture and related morbidity, preventing falls and
fractures, the effectiveness of hip protectors, and factors affecting the
successful use of hip protectors. Staff members were encouraged to try
wearing the hip protectors, and printed materials were made available to
residents and staff. Once staff education was complete, at least one member
of staff was made responsible for delivering the same education programme
to residents, either individually or in small groups. Staff were encouraged to
wear the hip protectors whilst educating residents, and to use residents who
readily agreed to wear the hip protectors as models for other residents. The
researchers re-visited the homes two weeks after the hip protectors were
introduced to encourage continued implementation.
Initial acceptance is difficult to determine, as use of the hip protectors was
measured only when residents fell. On this basis, it appears that 158 of the
459 residents in the intervention group (34%) accepted the hip protectors.
Continued adherence, again defined as wearing the hip protector at the time
of a fall, was 58 percent. That is, the hip protectors were worn in 552 of 946
falls in the intervention group. The relatively large proportion of falls where
the hip protectors were worn (58%) compared to the proportion of residents
using them at least once (34%), indicates that residents who were more likely
to fall were more likely to use the hip protectors. This is supported by the
figures for the sub-group of residents who experienced a fall. One hundred
and fifty-eight of 237 residents from the intervention group who fell (67%)
wore the hip protectors during at least one fall.
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3.8.5

Discussion of studies investigating acceptability of hip
protectors

As in the trials of effectiveness, these studies are difficult to compare because
of differing populations and designs. However, there are a number of
important common features.
All the clinical trials are focussed on populations at highest risk of falling and
fracturing a hip. Further trials are necessary to determine acceptability to
older people who are at lower (but not low) levels of risk. Most studies have
drawn their samples from older people in residential care homes or in
supported living accommodation. The exceptions are Hindso et al (1996),
Hindso and Lauritzen (2000), Hopper et al (1999), and Thompson and Jones
(2000). Hindso et al (1996) and Hindso and Lauritzen (2000) achieved initial
acceptance of 66 percent and 65 percent respectively amongst older people
discharged from hospital to their own homes, although no figures are given
for subsequent adherence. Hopper et al (1999) recorded only five percent
adherence three weeks after discharge home. On the other hand, Thompson
and Jones (2000) report 70 percent acceptance and 46 percent adherence at
three months amongst people living at home. It is possible that older people
living in their own homes, lacking both daily assistance and encouragement
from care staff, and the example of fellow residents also wearing hip
protectors, will have relatively low motivation to continue using hip protectors.
An important motivating factor for hip protector use appears to be the
perception of individual residents and the care staff of the risk of hip fracture
to that resident. Older people who have suffered a fall in the past appear to
be more likely to use hip protectors (Myers et al, 1995; Zimmer and Myers,
1997; Hindso et al, 1996; Thompson and Jones, 2000), as do those who
continue to fall (Hubacher and Wettstein, 2001; Meyer et al, 2003), and those
perceived by care staff to be at risk (Lauritzen et al, 1993; Butler et al,1998).
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The corollaries to this are that those who perceive themselves to be at lower
risk are less likely to wear hip protectors (Parkkari et al, 1998; Chan et al,
2000), as are those who believe the hip protectors are ineffective in
preventing hip fracture (Hubacher and Wettstein, 2001).
Discomfort, poor fit and skin irritation (especially being too hot and too tight)
are barriers to continued use, particularly at night (Butler et al,1998; Villar et
al, 1998; Parkkari et al, 1998; Birks et al, 1999; Hopper et al, 1999; Hubacher
and Wettstein, 2001; Lauritzen et al, 1993; Ekman et al, 1997; Jantti et al,
1998; Kannus et al, 2000; Cameron et al, 2001), as is pain over the fracture
site where the wearer has suffered a hip fracture in the past (Hopper et al,
1999). Some residents and staff complained that the hip protector increased
the amount of help residents needed when using the toilet (Parkkari et al,
1998; Birks et al, 1999; Hopper et al, 1999). Adherence was much lower at
night (Parkkari et al, 1998; Cameron et al, 2001; Cryer et al, 2002),
presumably because of discomfort when lying in bed, and perhaps because
of difficulty using the toilet at night, when staff may be less available.
Resident characteristics associated with increased use of hip protectors are
being female (Zimmer and Myers, 1997; Birks et al, 1999; Hubacher and
Wettstein, 2001) and having poor mobility (Zimmer and Myers, 1997;
Hubacher and Wettstein, 2001). The evidence on the influence of dementia
is inconclusive. Some mentally infirm residents refused hip protectors
(Hindso et al, 1996), others took them off (Parkkari et al, 1998; Chan et al,
2000), whilst others persisted in wearing them once use had been established
(Harada et al, 2001).
Residents reported a number of positive experiences associated with wearing
hip protectors. They were found to be comfortable, warm, and to increase
feelings of safety and decrease fear of falling (Jantti, et al, 1998; Birks, et al,
1999). Staff reported that they were less worried about residents sustaining
107

hip fracture and therefore were less inclined to restrict residents’ movements
(Jantti et al, 1998; Chan et al, 2000).
A number of studies also suggest that the attitude of staff towards the use of
hip protectors greatly affected residents’ use of them. Where staff were
positive about their use, this increased residents’ acceptance and adherence.
Where staff were uncommitted, residents’ use was adversely affected (Jantti
et al, 1998; Hubacher and Wettstein, 2001; Harada et al, 2001; Cameron et
al, 2001; Cryer et al, 2002). Meyer et al (2003) appear to have recognised
the crucial importance of staff involvement and devised a comprehensive and
structured education and implementation programme for staff. Two studies
noted these organisational effects leading to large differences in hip protector
use between facilities (Cameron et al, 2001; Cryer et al, 2002).
It is possible that these organisational and staff factors, together with the
characteristics of the various populations, have influenced the wide range of
acceptance and adherence rates seen in these studies.
In summary, it appears that greater use of hip protectors is associated with
the following: a history and present experience of falls; a perception, among
both wearers and care staff, of increased risk of falling and fracturing the hip;
with female sex; with reduced mobility; and with positive attitudes towards hip
protectors amongst staff. Reduced use of hip protectors is associated with a
lower perception of risk; a belief that hip protectors are ineffective in
preventing hip fracture; discomfort when wearing hip protectors; difficulty in
managing the garment when using the toilet; male sex; night-time; and
negative staff attitudes.
It is likely that use of hip protectors can be increased by developing effective
but more comfortable hip protectors that can be easily managed by frail
elderly people; by greater understanding amongst potential wearers and care
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staff of the risk factors for hip fracture and the effectiveness of hip protectors;
and, in residential settings, by adopting an approach to implementation that
recognises the importance obtaining sustained organisational commitment to
promoting the use of hip protectors by residents.

3.9

Conclusions

Hip fracture is associated with falls to the side, which can generate forces well
in excess of those required to break an osteoporotic hip. Laboratory studies
of hip protectors have demonstrated that dispersing the force of the fall away
from the greater trochanter using a relatively rigid convex pad is the most
efficient method of reducing impact on the bone. However, even the most
efficient designs may not reduce the force of a fall sufficiently in all cases, and
the more rigid and convex protectors may be less acceptable to wearers.
Consequently, hip protectors are currently a compromise between efficiency,
comfort and appearance.
Clinical studies have been focussed on populations at highest risk of hip
fracture: some amongst older people recently discharged from hospital
following fracture or fall; most amongst those living in nursing and residential
homes or hostels. The great majority of studies have shown a reduction in
the rate of hip fracture amongst those using the hip protectors. However, the
largest of these studies were randomised by cluster, yet analysed by
individual, which casts doubt on the strength of their findings. It is likely that
hip protectors reduce the risk of hip fracture in high risk populations, but the
size of the reduction has not been clearly established. Acceptability of hip
protectors is influenced by real and perceived risk of hip fracture amongst
wearers and care staff, various characteristics of wearers, the design of the
garment, and the commitment of care staff. The overall effectiveness of hip
protectors depends on their efficacy in reducing the impact of a fall on the
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greater trochanter, their acceptability to wearers, and the degree to which the
organisational and social context supports their use.
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Chapter Four
The exploratory study
This exploratory study was designed to achieve a number of objectives:
•

to assess the suitability of two different types of hip protector for the
main study

•

to test methods and tools for data collection

•

to explore issues in relation to implementation of the intervention

•

to identify factors that might influence the acceptability of hip protectors
to residents and staff

As this was an exploratory study, with a small sample and a short intervention
period, definitive answers were not anticipated. However, the study did
provide an opportunity to investigate the impact of two different types of hip
protector on residents’ adherence to their use. At the time that the pilot study
was being planned (October 1999), only clinical trials using hip protectors of
the relatively rigid, force-dispersing type had been reported in the literature. A
new type of hip protector, softer, more flexible, and cheaper than those
described in the literature, became available, and this, together with a more
established model, was used in the study. If the softer hip protector was
significantly more acceptable to residents, then it could be considered for use
in the main study.

4.1

Methods
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Following ethical approval from the Research Ethics Committee of Queen’s
University, Belfast (Appendix A) and with the agreement of home managers,
residents of two nursing homes and seven residential homes in Northern
Ireland were invited to take part in the study. As this was an exploratory
study with the objective of exploring the factors influencing adherence to use
of the hip protectors, no sample size calculations were carried out. Residents
temporarily admitted for respite care, those with damaged skin on the hip, and
those permanently confined to bed were excluded. All other residents were
eligible for inclusion in the study. Informed written consent was obtained from
mentally capable residents and, in the case of mentally infirm residents, from
the next of kin by post (or in person if the next of kin visited at that time).
Residents were recruited prior to randomisation.
Data on relevant characteristics of each resident (age, sex, residential
category, falls in the last 12 months, and fear of falling) were obtained from
medical and nursing notes, from nursing staff and from the residents
themselves, using a standardised data collection form (Appendix B).
The form was supplemented by use of the Barthel Index, (Mahoney and
Barthel, 1965; Wade and Collin, 1988), a falls risk assessment tool
(STRATIFY: Figure 4.1), (Oliver et al, 1997) and the Abbreviated Mental Test
(Hodkinson, 1972).
Following data collection, residents were randomised within each home (by a
statistician unconnected with recruitment and data collection) to receive three
pairs each of either the Safehip or HipSaverTM hip protectors, free of charge.
Residents were stratified by sex and EMI status within their homes, and
randomised using a random number generator and restricted randomisation
to produce equal numbers using each hip protector in each home.
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Figure 4.1

STRATIFY fall risk assessment tool (modified for use
in nursing and residential homes)

Assessment
a

Score

Has the resident fallen in the last month?
(Yes = 1, No = 0)
Do you think the resident is: (questions b, c & d)

b

Agitated?
(Yes = 1, No = 0)

c

Visually impaired to the extent that their everyday function is affected?
(Yes = 1, No = 0)

d

In need of especially frequent toileting?
(Yes = 1, No = 0)
Please calculate the resident’s total mobility score:

e

Score

Walking/mobility
Immobile

=0

……..

Independent in wheelchair

=1

……..

Independent with walking aid

=2

……..

Independent

=3

……..

Requires hoist

=1

……..

Requires assistance

=2

……..

Independent

=3

Transfers:

Total:

……..

(Total mobility score 3 or 4 = 1, other scores = 0)

f

TOTAL STRATIFY SCORE (A score of 2 or more indicates a high
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risk of falling)
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4.1.1

The two types of hip protectors

Both types of hip protector have padding sewn in over the area covering the
greater trochanter. However, there are significant differences: the Safehip
design which was developed from the type used by Lauritzen et al (1993) has
a rigid, concave shell, which is designed to disperse the force of a fall away
from the greater trochanter into the surrounding tissues; the HipSaverTM
design has a flexible foam pad, which is designed to absorb the force of a fall,
attenuating the impact on the greater trochanter. The Safehip garment is
closer fitting and appeared less obvious under clothing.
The HipSaverTM garment is looser and the protecting pad is softer and more
flexible but its less “figure-hugging” design appears to be more easily seen
under clothing. It was also available in a range of sizes (Figure 4.2). In
laboratory experiments available at the time of the study, both types of
protector attenuated impact forces but the Safehip design (Mills, 1996;
Kannus et al, 1999) appeared to be more effective than that of the HipSaverTM
(The HipSaver Company, Inc., 1996). The HipSaverTM protector was
significantly cheaper than the Safehip protector, which would have an
impact on cost-effectiveness.
Each home was visited on nine occasions spread over the next twelve weeks
(at 3, 5, and 7 days; and at [or about] 2, 3, 5, 7, 9 and 12 weeks) to observe
whether each resident was wearing the hip protector. Homes were visited
more frequently in the first few days in the expectation that this would be the
period when most difficulties would occur for residents and staff, and when
adherence would reduce most rapidly. All but the first of these visits was
unannounced, and at various times of the day, and days of the week. One
night-time visit and two night-time enquiries by telephone were made to each
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Figure 4.2. The hip protectors
Safehip
Description

HipSaverTM

Cotton, polyamid and lycra pants with sewn in oval, “Nursing home” model.

Cotton and polyester

concave, polypropylene shells (16 x 12 CMS, 30 mm pants with sewn-in square pad (17 x 17 cms, 16
deep), lined with soft foam. The material is elasticated mm thick) made from three layers of urethane
and close-fitting. Male and female designs.

foam bonded together and sealed in a waterproof
pouch.

The material is slightly elasticated and

looser fitting. Male and female designs.
Mode of action

The rigid shell fits over the hip and is designed to The flexible, damping foam covers the hip, and is
disperse the force of a fall away from the greater designed to absorb the force of a fall, attenuating
trochanter into surrounding tissues.

the impact upon the greater trochanter.

Sizes

One size to fit all. Waist sizes 90 – 122 CMS

XS, S, M, L, XL. Hip sizes 71-127 CMS

Manufacturer/

Tytex Group/Robinson Healthcare,

HipSaversTM, Inc, Massachusetts, USA

Supplier

(http://www.tytex.com/our_products/hip_protection/)

(http://www.hipsavers.com/)

Cost in 2000

£27.50

£16.50

(including
delivery)
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home. The number of day-time visits on which each resident was observed
to wear the hip protectors was divided by the total day-time visits to provide
the percentage use over 12 weeks for each resident. It was also recorded if
the resident was still wearing the hip protectors at the end of the study period.

4.1.2

Statistical analysis

The data on percentage use and on use at 12 weeks were not normally
distributed which made parametric tests unsuitable. Consequently, the
individual effects of hip protector type and resident characteristics were
analysed using the Mann Whitney test and Fisher’s Exact test respectively.

4.2

Results

One hundred and nineteen (42%) of 285 eligible residents approached
agreed to take part in the study. Residents’ ages ranged from 61 to 98 years.
Seventy (52%) of the 134 mentally capable residents approached gave
informed consent. Relatives of mentally infirm residents were asked to give
written consent to the residents’ participation. Forty-nine (32.5%) of 151
approached gave consent. Ten recruited residents were unable to begin the
study due to illness or leaving the home, so 109 residents started wearing the
hip protectors (Figure 4.3).
Participants’ ages ranged from 61 to 98 years (median age 82 years).
Seventy-six (70%) were female, 40 (37%) lived in units designated for the
elderly mentally infirm (EMI units).
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Figure 4.3

The flow of participants through the trial

Managers of all five residential
homes and two nursing homes
agreed to participate

134 mentally capable
residents were asked to
participate

Relatives of 151 mentally
infirm residents were
asked for consent to

participation

64 (48%) declined
to participate

102 (67.5%)
declined
participation

70 (52%) mentally
capable residents agreed
to participate

Relatives of 49 (32.5%)
mentally infirm residents
agreed to participation

Baseline data collected
from 119 residents
(42% of 285
approached)

10 recruited residents
were unable to start the
study

109 residents
randomised within
homes

Safehip hip protectors
56 residents (51.4%)

HipSaverTM hip protectors

53 residents (48.6%)

Early study termination for
four residents due to hip
fracture at 3, 5, 10, and
12 weeks
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Table 4.1

Mean percentage daytime use of hip protectors during 12
weeks (n = 109)

Resident characteristic
Female
Male
Age 61-79
Age 80-98
Elderly mentally infirm (EMI)
home
Not EMI home
Mental test score 6/10 or less *
Mental test score 7-10*
Barthel score 0-12
Barthel score 13-20
STRATIFY score 2 or more
STRATIFY score less than 2
Fall in the last 12 months
No fall in the last 12 months
Injury from a fall in the last 12
months
No injury from a fall in the last
12 months
Never afraid of falling †
Sometimes, often or always
afraid of falling †
Safehip hip protector
HipSaverTM hip protector

Frequency Mean
(percent)
percentage use
during 12 weeks
76 (69.7)
53.2
33 (30.3)
38.1
40 (36.7)
51.3
69 (63.3)
47.1
40 (36.7)
75.1

p value
‡
0.044
0.66
0.0001

69 (63.3)
68 (62.4)
32 (29.4)
64 (58.7)
45 (41.3)
43 (39.4)
66 (60.6)
63 (57.8)
46 (42.2)
60 (55)

33.3
54.9
29.9
61.1
30.8
57.3
43
56.2
38.2
57.3

49 (45)

38

28 (25.7)
48 (44)

42
37

0.56

56 (51.4)
53 (48.6)

51.8
45.3

0.56

0.001
0.0001
0.022
0.029
0.016

Key
* 9 residents (6 EMI and 3 not) had communication difficulties that precluded
assessment.
† 33 residents were unable to respond to this question.
‡ Mann-Whitney Test 2-tailed
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Two women and two men suffered hip fracture during the study, at 3, 5, 10
and 12 weeks respectively. The two women were not wearing hip protectors
at the time of the fracture, and the two men appeared to suffer spontaneous
fractures, while wearing the hip protectors, with no record of falls.
The mean percentage daytime use for all participants was 49%. Forty-seven
residents (43%) were still wearing the hip protectors at 12 weeks. Fifty-nine
residents (54%) never wore the hip protectors at night (8PM-8AM).
Table 4.1 presents the mean percentage daytime use for the two types of hip
protectors and for resident characteristics expressed as dichotomous
variables. There was no significant difference in percentage daytime use
between residents wearing Safehip or HipSaverTM hip protectors. Being
female, being a resident in an EMI unit, having a mental test score of six or
less (this is taken to indicate a significant degree of dementia [Hodkinson,
1972]), having a Barthel score of 12 or less (this is taken to indicate a
significant level of global dependence [Granger et al, 1979] ), having a
STRATIFY score of 2 or more (which indicates a high risk of falling), having
had a fall in the last 12 months and having been injured in a fall in the last 12
months were all significantly associated (at the 0.05 level) with greater
percentage day-time use of the hip protectors. Neither age group nor fear of
falling showed a significant difference. For night-time use, only residence in
an EMI unit and a Barthel score less than 12 were associated with
significantly greater use of hip protectors (Table 4.2).
Table 4.3 presents the results for the 47 residents who continued to use the
hip protectors at 12 weeks. Being female, being a resident in an EMI unit,
having a mental test score of six or less and having a Barthel score of 12 or
less were all significantly positively related (at the 0.05 level) to continued use
at 12 weeks. Having a STRATIFY score of 2 or more, having had a fall in the
last 12 months and having been injured in a fall in the last 12 months showed
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Table 4.2

Relationship between type of hip protector, resident
characteristics and night-time use of hip protectors
(observed to be worn at night on at least one of three
occasions)

Resident characteristic

Frequency
(percent)

All residents
Female
Male
Elderly mentally infirm (EMI)
home
Not EMI home
Barthel score 0-12
Barthel score 13-20
Injury from a fall in the last 12
months
No injury from a fall in the last
12 months
Safehip hip protector
HipSaverTM hip protector

109 (100)
76 (69.7)
33 (30.3)
40 (36.7)

Number
wearing at
least
once
(percent)
50 (45.9)
37 (33.9)
13 (11.9)
28 (25.7)

69 (63.3)
64 (58.7)
45 (41.3)
60 (55)

22 (20.2)
36 (33)
14 (12.8)
31 (28.4)

49 (45)

19 (17.4)

56 (51.4)
53 (48.6)

26 (23.9)
24 (22)

p value
†

0.41
0.000
0.012
0.25

1.0

Key
† Fisher’s exact test 2-sided
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no significant difference. Again, there was no significant difference in use at
12 weeks between the two types of hip protector. One hundred residents
were assessed using the Abbreviated Mental Test (nine could not be
assessed because they had communication difficulties). Of the 68 with
scores of 6 or less, 32 were resident in EMI homes. These 32 residents had
a significantly higher mean percentage use (73.8%) than both the 36
residents with scores of 6 or less in non-EMI homes (38%, p < 0.0005) and
those with scores of 7-10 in non-EMI (27.5%, p < 0.0005). Mental test score
was not associated with significant differences in percentage use in non-EMI
homes.
Similarly, a significantly higher proportion of residents with scores of 6 or less
in EMI homes (23/32, 72%) continued to use the hip protectors at 12 weeks
compared to the proportion of residents with scores of 6 or less in non-EMI
homes (11/36, 31%; p = 0.001), and to the proportion of residents scoring 710 in non-EMI homes (6/30, 20%; p < 0.0005). Again, mental test score was
not associated with significant differences in use at 12 weeks in non-EMI
homes.

4.2.1 Other findings
A small minority of participants developed erythema under the pads. These
were thin, frail residents who spent a large proportion of their time in bed.
Staff were advised to take the normal measures to prevent pressure damage
to the skin, and to reduce the amount of time the resident wore the hip
protectors if necessary. No residents developed any further evidence of
pressure damage.

122

Table 4.3

Relationship between type of hip protector, resident
characteristics and use at 12 weeks

Resident characteristic

Female
Male
Age 61-79
Age 80-98
Elderly mentally infirm (EMI) home
Not EMI home
Mental test score 6/10 or less *
Mental test score 7-10 *
Barthel score 0-12
Barthel score 13-20
STRATIFY score 2 or more
STRATIFY score less than 2
Fall in the last 12 months
No fall in the last 12 months
Injury from a fall in the last 12 months
No injury from a fall in the last 12 months
Never afraid of falling †
Sometimes, often or always afraid of
falling †
Safehip hip protector
HipSaverTM hip protector

Frequency Number
(percent)
using
at 12
weeks
(percent)
76 (69.7)
39 (35.8)
33 (30.3)
8 (7.3)
40 (36.7)
17 (15.6)
69 (63.3)
30 (27.5)
40 (36.7)
29 (26.6)
69 (63.3)
18 (16.5)
68 (62.4)
33 (30.3)
32 (29.4)
7 (6.4)
64 (58.7)
36 (33)
45 (41.3)
11 (10.1)
43 (39.4)
20 (18.3)
66 (60.6)
27 (24.8)
63 (57.8)
32 (29.4)
46 (42.2)
15 (13.8)
60 (55)
31 (28.4)
49 (45)
16 (14.7)
28 (25.7)
10 (9.2)
48 (44)
14 (12.8)

p value
‡

56 (51.4)
53 (48.6)

0.56

51.8
45.3

0.011
0.1
0.0001
0.015
0.002
0.69
0.078
0.054
0.61

Key
* 9 residents (6 EMI and 3 not) had communication difficulties that precluded
assessment.
† 33 residents were unable to respond to this question.
‡ Fisher’s exact test 2-sided
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The process of carrying out the study provided an opportunity to assess the
culture and everyday practices of the seven homes. A number of
characteristics were of note. Firstly, it became evident that residents were
more likely to be persuaded to try wearing hip protectors by a member of staff
whom they knew, and trusted, and relied on, than they were by the
researcher, who was a stranger to them. In some homes, residents who had
refused to take part when requested to do so by the researcher, changed
their minds when they were asked to reconsider their decision by staff. This
was particularly evident in the case of the home managers, who occupy a
position of considerable authority and influence in the lives of residents and
staff. Secondly, most residents were very dependent on staff (this is reflected
in the proportion of participants with low Barthel and Mental Test scores).
Many, though they were not formally recognised as being mentally infirm,
appeared to be unable to discuss in any great depth the issues involved in
deciding whether or not to wear hip protectors. Many residents who
expressed a preference for wearing or not wearing the hip protector could not
be support their decision with a discussion of risks and benefits. Of course,
there were numbers of residents who were able to discuss very effectively the
advantages and disadvantages of wearing hip protectors, but these were in a
minority. Some residents appeared to be fatalistic about their risk of hip
fracture and therefore disinclined to start using the hip protectors. They
appeared to feel that having reached old age without the benefit of such a
garment, that there was little point in changing their habits to start wearing hip
protectors.

4.3

Discussion

The majority of residents (166/285, 58.2%) refused the offer of hip protectors.
This group was not investigated further, but it is reasonable to suppose that
the factors that influenced adherence to the use of hip protectors might also
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influence initial acceptance. So residents in this group might be expected to
be more mentally and physically able, and to have had fewer falls. Further
investigation is required to understand why relatives of mentally infirm
residents were less likely to support the use of hip protectors than were
mentally capable residents. It is also disappointing that at 12 weeks the
number wearing hip protectors had fallen to 43% (47/109) of those studied
and only 16.5% (47/285) of those initially approached. There appear to be
two challenges: firstly to persuade residents to try using the hip protectors
and secondly to maximise continued use.
The type of hip protector appeared to make no difference to their continued
use by residents. This may be because residents who have both the capacity
and the inclination to appreciate the special characteristics of a particular type
of hip protector are likely to decide not to wear them at all. Alternatively, there
might have been little overall difference between the hip protectors in terms of
residents’ experience of fit, appearance and comfort.
Being female, being a resident in an EMI unit, having a mental test score of
six or less and having a Barthel score of 12 or less were all significantly
positively related both to greater percentage daytime use and to continued
use at 12 weeks. Having a STRATIFY score of 2 or more, having had a fall in
the last 12 months and having been injured in a fall in the last 12 months
were all significantly associated with greater percentage day-time use of the
hip protectors but not with continued use at 12 weeks.
The elderly mentally infirm are at relatively high risk of hip fracture, so the
high percentage day-time use amongst residents of EMI units (75.1%), and
the high proportion of this group continuing to use the hip protectors at 12
weeks, is a promising result. However, those with a mental test score of 6 or
less in non-EMI units were no more likely to wear the hip protectors than
fellow residents with mental scores of 7 or above. This may be because
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residents in the EMI units typically had more severe dementia, with many
day-to-day decisions (such as whether to wear hip protectors) taken by staff.
It is likely that many of these residents were unaware that they were wearing
hip protectors.
Residents with Barthel scores of 12 or less were more likely to wear hip
protectors. Again, this may be because physical dependence makes
residents more susceptible to the influence of staff who encourage them to
wear hip protectors. Prior to the study a common misgiving amongst staff
had been the perceived impracticality of using hip protectors as underwear for
incontinent residents, and the possible extra workload associated with
toileting and dressing. However, those with lower Barthel scores were also
often incontinent and needed help with toileting and dressing. On the other
hand, some staff remarked that a small number of residents who had used
the toilet independently now needed help to do so because of difficulty in
managing the protectors.
Having a higher risk of falling (as evidenced by a STRATIFY score of 2 or
more) and a history of falling, particularly if this resulted in injury, was
associated with greater use. This may have been because residents with a
history of injury perceived themselves to be at greater risk, although this was
not confirmed by expressed fear of falling, which was not associated with
greater use. Again, it may be that the deciding factor here is the views of staff
on a resident’s risk of falling. Being female was associated with continued
use of hip protectors at 12 weeks but not with percentage daytime use.
This analysis allows a model to be advanced that explains use of hip
protectors according to staff perceptions of resident risk, and the susceptibility
of residents to staff influence. Thus, staff will try to influence residents at risk
of falling to wear the hip protectors, but residents who are physically and
mentally more able are less likely to comply. Those residents who are
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physically and mentally less able, and therefore more dependent on staff, are
more susceptible to staff influence. They may therefore be more likely to
agree to continue to wear the hip protectors when encouraged to do so. It
may also be that female residents are more easily influenced by staff, who
are almost all female.

4.4

Implications for the main study

This exploratory study suggests that residence in an EMI home, Barthel score
of 12 or less, and an injury from a fall in the last 12 months, together with
female sex and an increased risk of falling, are variables associated with
greater use of hip protectors. The data also allow a model to be proposed in
which those residents who are perceived by staff to be at greater risk of
falling, and who (because of their relatively high levels of dependency) are
susceptible to the influence of staff, are more likely to wear hip protectors.
The main implications for the main study are in the stratification of clusters
(homes) prior to randomisation, and for the process by which the hip
protectors are introduced into the homes.

4.4.1

Stratification of clusters (homes)

Homes are broadly categorised according to the physical and mental
dependency of their residents. Residents of nursing homes are generally
more physically dependent than those in residential homes, whilst those with
severe dementia live in homes (or units within homes) specially designed for
the elderly mentally infirm. This exploratory study suggests that the physical
and mental dependency level of residents will influence the degree to which
the hip protectors are used, so it is reasonable to stratify homes according to
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these (and other) criteria, and randomise to control or intervention groups
within those strata.

4.4.2

The process by which the hip protectors are introduced into
the homes.

The majority of residents did not take up the offer of hip protectors. This had
major implications for the main study, and was a stimulus to make the
process of implementation as effective as possible within the limits of the
available resources. The literature on the culture of nursing and residential
homes suggests that residents are very much dependent on staff, and that
the home manager exerts considerable influence on the overall life of the
home. Observation within the homes in the exploratory study confirmed this
suggestion, and supported the decision to make the approach to residents
through staff. The emphasis was on supporting residents’ use of hip
protectors by first enlisting the support of staff. Efforts to promote the use of
hip protectors among residents of nursing and residential homes were
directed at staff, who are in the best position to advise and influence residents
and their relatives.

4.4.3

Choice of hip protector

The type of hip protector appeared to make no difference to their continued
use by residents. Consequently, the Safehip protector was preferred on the
grounds of the evidence for its efficacy from clinical trials, which was lacking
for the HipSaverTM protector. Three pairs of hip protectors were not quite
sufficient to ensure a pair was available at all times, due to the need to
regularly launder the garments. Therefore, four pairs were made available for
the main study.
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4.4.4

Asking staff to carry out baseline data collection and the
choice of instruments to measure the dependency of
residents

Collecting baseline data from 119 residents in seven homes proved to be a
laborious and time consuming exercise. Repeating this process in 127
homes for over 4,000 residents was not feasible given the resources available
to carry out the study. Therefore, it was decided to request the staff in the
homes to provide baseline data for residents. This decision had implications
for the amount of data that could be requested and the data collection
instruments that would be used. The more data that was requested, and the
greater the difficulty in using the data collection instruments, the less likely
staff were to provide the necessary details. Therefore, in addition to basic
data such as age, sex, and history of falls, only data on cognitive capacity and
physical dependency were sought. The Abbreviated Mental Test (Hodkinson,
1972) requires an interview with the person being tested, which meant that it
could not be carried out on nine residents because of communication
difficulties. It would also require extra effort from staff and residents, which
would make it less likely that the information would be collected. For these
reasons it was decided to use an instrument to measure residents’ cognitive
capacity known as the Minimum Data Set Cognition Scale or MDS-COGS
(Hartmaier et al, 1994; Cohen-Mansfield et al, 1998). This instrument does
not require testing of the resident but relies on observation of the everyday
behaviour of the resident, enabling the staff to make a rapid assessment (see
Section 5.92). The Barthel Index also relies on observation of everyday
behaviour and was thought to be suitable for data collection in the main study.
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4.45

Assessing residents’ risk of falling

Residents with a history of falling, with a greater assessed risk of future falls,
and who would therefore be expected to be at greater risk of hip fracture,
were more likely to wear the hip protectors. Consequently, a policy of
assessing risk of falling amongst residents in the main study using the
STRATIFY falls risk assessment tool and restricting the offer of hip protectors
to those at higher risk was considered. The advantage of this approach
would be that staff could concentrate their efforts on this sub-group of
residents, who might also be more likely to wear the hip protectors. This
restrictive approach was rejected for a number of reasons. First, it would
have required staff to carry out another assessment process, and then repeat
this at regular intervals to identify changes in the residents’ level of risk. Such
a task might be considered onerous by staff. Second, a proportion of
residents (61 percent of those taking part in the exploratory study) would not
have been assessed as being at higher risk and would not have been offered
the hip protectors. It is likely that a proportion of these lower-risk residents
would suffer a hip fracture, which would reduce the effectiveness of the
policy. Staff would also be faced with explaining to residents and their
relatives why some residents were not offered hip protectors. This might
raise issues of equity of treatment, especially if a resident not offered hip
protectors subsequently suffered a hip fracture.
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Chapter Five
Methods
The aim of the study was to evaluate the effectiveness of a policy of making
hip protectors available free of charge in nursing and residential homes, and
of supporting the implementation process by employing a nurse facilitator to
encourage staff in the homes to promote their use.
Policy is normally implemented at the level of the organisation rather than the
individual, so it is appropriate to randomise at the level of the organisational
groups that will implement the policy. The normal grouping of older people
using residential care is the nursing or residential home, and the method of
randomisation and analysis reflects this. Randomisation by individual
resident ignores the influence of the organisation and culture of particular
homes. It does not reflect the normal environment of the homes, where
typically interventions are offered to all, according to need, rather than to
individuals according to random allocation. Randomisation by individual tests
the efficacy of the intervention, rather than its effectiveness in a particular
service environment. For all these reasons cluster randomisation was used,
with the unit of analysis being the home.
The study was designed as a cluster-randomised controlled trial to test the
effectiveness of the hip protectors as they are used in existing groups of older
people at high risk of hip fracture. The normal routines and practices of the
homes and their residents were to be disturbed as little as possible, and the
hip protectors introduced in a manner that could be replicated in everyday
practice. Nursing interventions such as hip protectors are normally
introduced under the auspices of the authorities in the homes, through the
existing nursing and care staff and their managers. This was the approach
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taken in the study: home managers and (where the home was part of a larger
organisation) senior managers were assisted by the nurse facilitator to
introduce the hip protectors to their staff and to residents.

5.1

The Steering Group

A steering group was convened to oversee the development and
implementation of the study, and met approximately three times a year. The
membership consisted in a Professor of Nursing and a Senior Lecturer in
Epidemiology and Public Health (who also jointly supervised this thesis) from
Queen’s University, a Professor of Nursing and Professor of Health
Economics from the University of Ulster, a Consultant Geriatrician from the
Royal Victoria Hospital, Belfast, and representatives from the Registration
and Inspection Unit and the Departments of General Practitioner Audit and
Finance in the Eastern Health and Social Services Board. Each member of
the steering group advised in the areas related to his or her particular field of
expertise, and discussed issues as they arose. However, final decisions on
the design and implementation of the study were made by this writer and the
supervisors.

5.2

The hip protectors

The Safehip hip protectors used in the study were obtained through a local
agent of the UK supplier (Robinson Healthcare Ltd, Waterside, Goyt Side
Road, Chesterfield, Derbyshire, S40 2YF, United Kingdom). They are cotton,
polyamid and lycra pants with a sewn-in hip protector over each hip. This is
an oval, convex, polypropylene shell (16 x 12 CMS, 30 mm deep), lined with
soft foam. The garment material is elasticated and close-fitting. There are
four sizes, for waist (male) and hip (female) sizes 24 to 56 inches, with male
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and female designs. Residents in the intervention homes who were eligible to
use hip protectors were offered four pairs each. This was the estimated
number required to have a pair available at all times whilst others were being
laundered. Each garment cost £27.50, so the cost per resident was £110.

5.3

The null hypothesis

The null hypothesis is that the rate of hip fracture in nursing and residential
homes randomised to a policy of offering external hip protectors to their
residents will be no different to the rate of hip fracture in homes randomised
not to introduce this policy.

5.4

Population

The population of interest was people living in nursing or residential homes in
the Eastern Health and Social Services Board (EHSSB) area in Northern
Ireland. This is consistent with the overall approach taken in this study of
respecting existing organisational structures and groupings, in order to
evaluate the policy in a normal service environment. The EHSSB area
provided a large number of homes within a defined geographical region; all
enrolled with the same Registration and Inspection Unit, and all served by the
same two hospital orthopaedic services. As noted in chapter one, residents
have been estimated to be three to seven times more likely to suffer a hip
fracture than non-institutionalised older people (Ooms et al, 1994; Slemenda,
1997; Norton et al, 1999).
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5.5

Sample size calculation

Resource constraints limited the number of hip protectors that could be made
available, so the control group was recruited to be twice the size of the
intervention group. The sample size estimation is based on the rates of
fracture, and reductions in rates, observed in two trials of hip protectors in
Scandinavian nursing homes (Lauritzen et al, 1993; Ekman et al, 1997).
Residents in the non-intervention limbs of these studies experienced hip
fractures at a mean rate of 5.6 per 100 residents over 12 months. Reductions
in fracture rates of between 55 and 65 percent were observed in the
treatment limbs. If the expected rate of hip fracture in the non-intervention
limb of this study is estimated to be the mean of the rates observed in the
Scandinavian studies, and if the rate in a second year of follow up
approximates to the first year (giving a fracture rate of 8.4 per 100 residents
over 18 months), then randomisation of sufficient homes to provide 716
residents in the intervention group and 1,432 in the control group (a total of
2148), has 80 percent power at the 0.05 level of significance to detect a 40
percent reduction in the rate of fracture in the intervention group over an 18
month period. This calculation was done using Epi Info statistical software
(CDC, 1999), based on individual randomisation. However, residents were
randomised by home and not as individuals, which raises a number of issues.

5.5.1

The effect of cluster randomisation on sample size

Standard calculations of sample size, if applied to cluster randomised
controlled trials, assume that the responses of individuals within clusters are
independent. They allow for variation within clusters but not between clusters
(Ukoumunne et al, 1999a,b). However, the responses of individuals within
clusters may be correlated for a number of reasons. These individuals (or
their families) may have chosen the same social unit (in this case the nursing
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or residential home) because they share common characteristics and
preferences. The attributes of the cluster (the home) may have a common
influence over the individuals in that cluster, thus making them more similar.
Individuals may interact within the cluster (which is highly likely in a residential
setting), leading to similarities between the individuals (Ukoumunne et al,
1999a,b). Also, in this study, the policy of offering hip protectors is being
implemented at the level of the cluster.

5.5.2

The design effect

All of these factors tend to reduce the power of cluster randomised studies in
relation to analysing individual outcomes, when compared to studies
randomised at the level of the individual. Therefore the sample size
calculated for randomisation at the level of the individual must be multiplied
by a factor known as “the design effect” to give a sample size with the same
power to detect an intervention effect as a study using individual
randomisation.
The design effect is calculated using the formula:
Deff = 1 + (no – 1)ρ
where Deff is the design effect, no is the average number of individuals per
cluster, and ρ is the intraclass correlation coefficient (Ukoumunne et al,
1999a,b).
The intraclass correlation coefficient is “the proportion of the true total
variation in the outcome that can be attributed to differences between
clusters.” (Ukoumunne et al, 1999a, P. 22) If individuals within a particular
cluster are no more likely to have similar outcomes than those in other
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clusters, then the intraclass correlation coefficient will be 0. If all individuals in
a cluster have the same outcome, then the intraclass correlation coefficient
will be 1. The larger the intraclass correlation coefficient, the greater the
design effect, and so the greater the required sample size to match the power
of a study randomised by individual.
The intraclass correlation coefficient for the present study was calculated as
0.02, based on simulations of frequencies of fractures in homes, assuming a
range of home sizes and a fracture rate of 8.4 percent. The average number
of residents per home was 36. Therefore, the calculation for the design effect
is:
1 + (36 – 1)0.02 = 1.7
Therefore, the required sample size is the original sample required for
individual randomisation multiplied by the design effect:
2148 x 1.7 = 3652
However, it is likely that not all eligible residents will go on to participate in the
study, so assuming a non-cooperation rate of 20 percent, the final sample
size should be:
3652 = 4564
0.8
This was the number of participants aimed for in recruitment: 1521 in the
intervention group and 3043 in the control group.
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5.6

Ethical approval and confidentiality

Ethical approval for the study was obtained from the Research Ethics
Committee of the Queen’s University of Belfast (Appendix A).
Data was anonymised wherever possible, and kept in locked cabinets and
offices. All electronic data was password protected. Only those directly
concerned with data collection or analysis had access to the databases.

5.7

Selection, recruitment, and informed consent

5.7.1

Selection

All nursing and residential homes in the Eastern Health and Social Services
Board (EHSSB) area, as identified in the EHSSB Care Homes Directory –
2000 (EHSSB, 1999), were invited to take part in the study. All residents
were eligible for the study. In the intervention group, all residents were
offered hip protectors except those meeting the following criteria:
•

residents confined to bed 24 hours a day.

•

residents with pressure sores on the hip.

•

residents temporarily admitted

The rationale for these criteria are that residents in bed 24 hours a day are
unlikely to fall; residents with pressure sores on the hip might find that the hip
protectors aggravated their condition; in an everyday service environment,
staff would be unlikely to offer hip protectors to residents who will shortly be
moving out of the home. Other criteria might have been applied, for example
excluding all those who were assessed to be at a lower risk of falling.
However, this would have placed an extra burden of assessment on the
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homes, and might have excluded residents who subsequently suffered a hip
fracture. The chosen criteria are believed to reflect those that might
reasonably be expected if homes had a policy of using hip protectors.

5.7.2

Recruitment

The researcher wrote to all managers or owners of homes identified in the
EHSSB Care Homes Directory – 2000 (EHSSB, 1999) outlining the study and
inviting participation. In the case of homes that were part of larger
organisations (Health and Personal Social Services Trusts or for-profit
groups), initial contact was with senior managers in those organisations. This
letter was followed by a telephone call to further discuss the study and
arrange a meeting. At that meeting, the study was discussed in detail, and
the manager took a decision to take part or not. Those agreeing to take part
were randomised to intervention or control groups.

5.7.3

Informed consent

Written informed consent (Appendix C) was obtained from residents in the
intervention homes by nursing staff within the homes. All eligible residents
were given an information sheet describing the study in non-technical
language (Appendix D) and assuring them that participation was on a
voluntary basis. The researcher’s name, address and telephone number
were on the sheet should the resident require further information. In addition,
residents’ next-of-kin were also informed by letter that their relative was to be
offered the hip protectors (Appendix E), and an information sheet included
with the letter.
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If a resident was mentally infirm, then the next-of-kin was asked (by letter or,
if they were available, in person) to consent to the resident taking part in the
study, and a modified information sheet provided (Appendix F). Where the
next-of-kin consented to a mentally infirm resident wearing the hip protectors,
the nursing staff in the homes were advised to encourage and help the
resident to wear the hip protectors, but to withdraw them if the resident
showed persistent reluctance to wear them.
The great majority of the data to be obtained on residents in the control
homes was already gathered as part of routine data collection, and residents
continued to receive usual care, so individual consent to take part in the study
was not obtained from these residents. Written permission for access to data
was obtained from home managers, and from those who controlled access to
the relevant databases (Appendix G). In addition, all General Practitioners in
the EHSSB area were informed that the study was to begin, and that
residents who were their patients might be invited to take part (Appendix H).

5.8

Randomisation of homes

Before randomisation homes were sorted into strata according to predetermined categories. These categories were set according to
characteristics of the homes and the care categories of residents they admit,
that are predicted to influence the uptake of hip protectors in the homes.
These are: the presence of dedicated beds for either the Elderly Mentally
Infirm or the Old and Infirm, residents categorised as needing either
residential or nursing care, the number of residents catered for in the home
(30 or more, 29 or less), and whether the home is part of a management
group (Table 5.1).
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Table 5.1

Randomisation Strata

EMI
EMI, nursing, 30 or more residents, independent
EMI, nursing, 30 or more, management group

Stratum number
1
2

EMI, nursing, 29 residents or less, independent

3

EMI, residential, 30 or more residents, independent &
management group

4

MIXED EMI and O&I
MIXED, nursing, 30 or more residents, independent
MIXED, nursing, 30 or more residents, management group

5
6

MIXED, residential, 30 or more residents, independent &
management group

7

MIXED, residential, 29 residents or less, independent

8

O&I
O&I, nursing, 30 or more residents, independent
O&I, nursing, 30 or more residents, management group

9
10

O&I, nursing, 29 residents or less, independent

11

O&I, residential, 30 or more residents, independent
O&I, residential, 30 or more residents, management group
O&I, residential, 29 residents or less, independent

12
13
14

KEY
EMI
O&I
MIXED
Residential
Nursing
Independent
Management group

Elderly Mentally Infirm
Old and Infirm
Mixture of EMI and O&I beds
Residential home
Nursing home
A home owned and run independently
A home managed as part of a group of homes
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5.8.1

Concealed randomisation

As homes were recruited, their details (the name of the home and data
related to the criteria for stratification) were passed to a statistician who was
unconnected with recruitment and who had no prior knowledge of the homes.
Homes were randomly allocated within strata by the statistician to either
control or intervention groups in a 2:1 ratio.

5.9

Baseline data collection

The large numbers of residents required for the sample (n 4,564) precluded
data collection by the researcher, so managers of the homes were asked to
provide the data. If this task were onerous, it would be less likely to be done,
so the data collection instrument was designed to be quick and easy to use.
No special knowledge or skills were needed to complete it beyond those
possessed by the nursing staff in the homes, and residents themselves did
not need to be tested or asked for information. All the requested information
was already routinely collected by the homes, and all assessment relied on
observation of everyday activities.
Home managers were asked to fill in a form for each eligible resident
providing baseline data (Appendix I). This comprised the following:
front sheet –
•

the name of the home

•

date on which the data were collected

•

surname

•

forename

•

unique identifier (allocated by the researcher)
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anonymised data collection sheet –
•

unique identifier (allocated by the researcher)

•

sex

•

date of birth

•

date of admission to the home

•

care category

•

number of falls in the last four months

•

(for residents in intervention homes) if the resident has
agreed to wear the hip protectors, or not

•

(for residents in intervention homes) if the resident has
refused the hip protectors, the reason given by the
resident (if any)

•

(for residents in control homes) if the resident is wearing
hip protectors not supplied through the present study

5.9.1

•

cognitive assessment

•

dependency assessment

Rationale for collecting baseline data

The data was collected for the following reasons:
•

the name of the home allows individual resident data to be linked to the
context of the home.

•

the date on which the data were collected was taken to be the day the
resident entered the study.

•

surname and forename, together with date of birth and the name of the
home allows the resident to be identified in the hip fracture audit
databases and hospital Patient Administration Systems to confirm
incidence of hip fracture.
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•

the unique identifier facilitated identification of the resident in the
research databases and helped ensure anonymity and confidentiality
as the residents’ names could be detached and kept separately from
other information about the residents.

•

sex was associated with differences in use of hip protectors in the pilot
study.

•

date of admission to the home allows a measure of the association (if
any) between length of stay in the home and acceptance of the hip
protectors. For newly admitted residents, it allows a calculation of how
soon after admission the resident was offered hip protectors.

•

care category (residential, residential EMI, nursing, nursing EMI) is
intended to reflect cognitive capacity and physical dependence, both
important variables in the use of hip protectors in the pilot study.

•

number of falls in the last four months allows an estimation of the
resident’s relative risk for falling in the future, and gives a picture of the
rate of falls in each home.

•

for residents in intervention homes, whether they had agreed to wear
the hip protectors or not allowed an estimation of levels of initial
acceptance.

•

for residents in control homes, whether they were already wearing hip
protectors not supplied as part of the present study gives an indication
of the level of use in the population, and also identifies a possible
confounding variable.

•

mental incapacity and physical dependence were both associated with
greater use of hip protectors in the pilot study. The instruments used
are discussed below.
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5.9.2

Estimating cognitive capacity

The instrument used to measure residents’ cognitive capacity is known as the
Minimum Data Set Cognition Scale or MDS-COGS (Hartmaier et al, 1994;
Cohen-Mansfield et al, 1998). In the United States there is a statutory
requirement that all residents of nursing homes are comprehensively
assessed using the Minimum Data Set, a standardized assessment tool
(OBRA, 1987). The MDS-COGS is a subset of the MDS.
In developing the MDS-COGS, Hartmaier et al (1994) assessed the cognitive
capacity of 200 residents of eight nursing homes in North Carolina using two
widely accepted assessment tools, the Global Deterioration Scale (GDS)
(Reisberg et al, 1988) and the Mini-Mental State Examination (MMSE)
(Folstein, et al, 1975), together with the MDS-COGS. The MDS-COGS was
highly correlated with both the GDS and MMSE, and was able to discriminate
between different degrees of dementia.
The MDS-COGS requires the assessor to rate the resident against five items
relating to cognitive capacity and five related to the resident’s ability to dress,
based on the assessor’s observation of the resident’s everyday performance
(Appendix I). From this is derived a score from 0 – 10. Scores of 0-1
represent a resident who is cognitively intact or mildly impaired, 2-4 represent
mild to moderate impairment, 5-8 represent moderate to severe impairment,
and 9-10 represent severe to very severe impairment.
The advantage of the MDS-COGS is that it does not require testing of the
resident but relies on observation of the everyday behaviour of the resident.
Because residents are often living for long periods in the homes, the nurses
completing the assessment are likely to be familiar with the residents’
abilities, and able to make a rapid assessment.
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5.9.3

Estimating physical dependency

Physical dependency was measured using the Barthel Index. First developed
in the chronic disease hospitals in Maryland in the United States (Mahoney
and Barthel, 1965), the Barthel Index has become a standard measure of
physical dependence (Granger et al, 1979; Wade and Collin, 1988; Richards
et al, 2000). The original Index used multiples of 5 to score the subject’s level
of dependence in 10 activities, giving a score out of 100. Subsequent
versions used 1-point increments to give scores between 0 and 20 (Wade
and Collin, 1988), a score of 0 indicating the most dependent state, and 20
the least (Appendix I).
The advantages of the Barthel Index are that it does not require direct testing
of the subject, it is not disease or condition specific but is suitable for general
use, and it is easy and quick to employ.

5.10

The implementation process

The processes described below refer to the homes using the hip protectors.
The conceptual framework for implementation follows Kitson et al (1998), who
suggest that successful implementation depends equally on three core
elements: the level of evidence, the method of facilitating the change, and the
context into which the evidence is being implemented.
As noted in the review of the literature, the evidence for the efficacy of hip
protectors for preventing hip fracture in residents of nursing and residential
homes is reasonably strong. Kitson et al (1998) argue that the strongest
evidence is provided by randomised controlled trials, and positive evidence
from two trials was available at the time of implementation (Lauritzen et al,
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1993; Ekman et al, 1997). The hip protectors could therefore be presented to
residents and staff with a degree of confidence, and part of the
implementation process centred on making the evidence available.
Facilitation was complex. Within individual homes, the facilitator was the
senior manager, sometimes in conjunction with a person to whom the
manager delegated the responsibility. However, the managers themselves
could also be facilitated, and a degree of support was offered.
Limited resources precluded any direct attempt to change the organisational
context of individual homes, but the broad features of the cultural context
were taken into account when designing the intervention. Residents of
nursing homes are relatively powerless. They are heavily dependent on staff,
and their autonomy must be facilitated by staff. The implication for promoting
the use of hip protectors amongst residents is clear: this must have the
support of staff, or it will fail.

5.10.1

Introducing the hip protectors

The recommendations from the Effective Health Care Bulletin, Getting
evidence into practice (Effective health care, 1999) were followed wherever
possible in the execution of the process. Getting evidence into practice
recommends a three-stranded approach:
A.

The identification of factors likely to influence the proposed change.

B.

A multi-faceted approach to targeting the relevant factors by people
with appropriate skills.

C.

Arrangements to monitor and maintain change.
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These are discussed below.

A. Identifying factors likely to influence the implementation process
Important factors were identified through a process of consultation and
analysis. In addition to reviewing the literature and incorporating important
factors learnt from the pilot study, key local informants were interviewed,
seeking their opinions on the best way to introduce the hip protectors. These
included senior managers from three corporate groups who own a number of
homes in Northern Ireland and throughout the United Kingdom, and the
senior managers responsible for services to the elderly in the four Health and
Social Services Trusts within the EHSSB. Representatives from the voluntary
and charitable sectors included the Northern Ireland Manager of the Royal
Society for the Prevention of Accidents (ROSPA), and a member of a home
accident prevention group. Further insights into the culture and management
of the homes were provided by a representative of the EHSSB Registration
and Inspection Unit, and in personal conversations with many home
managers.
It is recommended that an analysis of factors likely to influence the
implementation process should include the following:
•

identification of all groups likely to be affected by the change

•

assessment of those aspects of the change that might influence
its adoption

•

assessment of the preparedness of the health professionals to
change

•

identification of potential external barriers to change.
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•

identification of likely enabling factors (Effective Health Care,
1999)

Groups likely to be affected by the introduction of hip protectors
Pre-eminent amongst the groups likely to be affected by the process are, of
course, the residents themselves. In order to derive maximum benefit from
the hip protectors, they are asked to wear them 24 hours a day (or as much
as possible) for the foreseeable future. Cognitively intact residents must
weigh the benefit of a reduction in their perceived risk of hip fracture and its
possible consequences, against the perceived and actual inconveniences of
wearing the garment.
The crucial role of the senior managers of the homes has been discussed.
However, all nursing and care staff are in a relatively powerful position in
relation to residents, assisting and advising on many everyday decisions.
Indeed, many residents rely on staff to dress them, so in these cases the hip
protectors will not be used without the active cooperation of staff. Therefore
staff, or at least those in supervisory positions, must be equally convinced of
the relative benefits of wearing hip protectors.
The near family and friends of residents are another important group. Whilst
some residents have little regular contact with relatives, others retain close,
daily, relationships, and may be partly dependent on relatives for financial
support. Relatives who are closely involved often expect to be consulted in
relation to the resident’s care. Where the resident is mentally infirm, homes
will obtain the consent of the next of kin before instituting any significant
change in care, such as introducing hip protectors. (Where there is no near
relative, home managers may take decisions on the resident’s behalf,
sometimes in consultation with the resident’s General Practitioner [GP].)
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Relatives can actively influence the decision to use hip protectors, and may
also affect the continued use of hip protectors by encouraging or discouraging
both residents and staff.

Aspects of the change that might influence its adoption
The literature review identified a number of factors that impacted upon the
use of hip protectors. It appears that greater use of hip protectors is
associated with the following: a history and present experience of falls; a
perception, among both wearers and care staff, of increased risk of falling and
fracturing the hip; with female sex; with reduced mobility; and with positive
attitudes towards hip protectors amongst staff. Reduced use of hip protectors
is associated with a lower perception of risk; a belief that hip protectors are
ineffective in preventing hip fracture; discomfort when wearing hip protectors;
difficulty in managing the garment when using the toilet; male sex; night-time;
and negative staff attitudes.
The attitudes and beliefs of residents will determine their response to the offer
of hip protectors. Residents may anticipate that using the hip protectors will
be unpleasant or inconvenient. These inconveniences include the possibility
of decreased comfort, increased dependence (due to physical difficulties in
managing the pants, especially when using the toilet), and an unattractive
appearance. Such disincentives are likely to be experienced every time the
hip protectors are worn, whereas the main benefit may only be experienced
on the rare occasions when residents fall. On the other hand, residents may
experience the daily benefit of feeling safer and more confident when wearing
the hip protectors (Cameron et al, 2000).
Hip protectors are not a highly technical intervention, which should make their
introduction relatively easy in comparison to more complicated technologies.
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The mode of action of hip protectors is easy to grasp, and no special training
is needed in order to wear them. Neither do the staff require any great
degree of additional knowledge to care for residents who may use them. The
only known hazard they may present is a theoretical increase in the risk of
pressure sores under the pads, and the care staff are already experienced in
pressure sore prevention.

The preparedness of staff to change, and barriers to change
Whilst the basic idea of hip protectors is easily understood, the many
demands of work in nursing and residential homes mean that effective
implementation by staff is not unproblematic. Most care staff are not
professionally qualified and often work part-time for low pay. Turnover is
high, often 100 percent a year (Peace et al, 1997). The work itself is
demanding, requiring physical and mental stamina to cope with the very
considerable bodily needs of residents, to deal with emotional disturbance
caused by cognitive or psychiatric disorder, and to meet the administrative
demands of the institution (Boeije et al, 1997). Residents’ hip protectors must
be labelled, stored, and laundered at regular intervals in order that they are
available for use, and staff must remember to help most residents put them
on. Given the transient nature of the workforce, and the urgent competing
demands on staff, this is just the sort of simple continuity that may break
down. On the other hand, most staff had experience of residents falling and
fracturing a hip, and knew from direct observation the serious consequences.
This predisposed many to look favourably on anything that might help to
avoid fracture. However, a minority of managers openly expressed
reservations that their hard-pressed staff would not be able to cope with what
was perceived as “one more demand.”
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Enabling factors
Where homes were part of larger management groups, whether privately or
publicly owned, the senior managers were fully supportive in giving access to
homes and recommending the use of hip protectors to their subordinates.
The majority of individual managers in homes of all types were also broadly
supportive. Financial and other costs to the homes were kept to a minimum.
The hip protectors were provided free of charge, and the ordering process
was made as easy as possible. Once staff had measured residents they
simply rang the supplier with their order and the hip protectors were delivered
within 48 hours. The intervention itself was offered with the backing of the
EHSSB and its Registration and Inspection Unit, the Research and
Development Office at the DHPSS, the Geriatric Medical Unit at the Royal
Victoria Hospital, and both Universities in Northern Ireland. It is believed that
this lent credibility to the intervention.

B.

A multi-faceted approach to targeting the relevant factors by
people with appropriate skills

The researcher designed the implementation process and made the initial
approach to the homes, assisted by a nurse facilitator employed for that
purpose. The researcher is a registered general nurse and registered nurse
tutor with a recent background as a senior nurse in practice development in
an acute hospital trust in Northern Ireland. The nurse facilitator has a
background in orthopaedic nursing and research data collection. This
provided a team with skills and knowledge appropriate to the process.
The intervention process was designed to target all the relevant groups,
providing information and opportunity for questions and discussion. The
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approach to residents was through the manager and staff, so these groups
will be dealt with first.

Home managers
The initial letter to the home managers identified the researcher and the
sponsors of the research, and briefly described the project (Appendix J). A
summary of the research proposal was also included, containing a concise
review of the rationale and evidence base for hip protectors. The letter was
followed by a telephone call to set up a meeting with the manager in the
home. At the meeting, the manager was able to discuss the project, examine
a pair of hip protectors, and review the protocol for their use (Appendix K). A
telephone help line was made available to managers and staff giving direct
access to the researcher or nurse facilitator, or to a recorded answer-phone
service if they were unavailable. All recorded messages were followed up
within one working day, Monday to Friday. No service was available over the
weekend. Most homes made several calls in the initial weeks of the study but
the number of calls diminished as they became familiar with the hip
protectors.
Each manager was issued with a folder of literature appropriate to their home
and their limb of the study (Appendix L). The folder contained a table of
contents and the following material:
•

contact telephone numbers for the researcher and the nurse facilitator

•

contact telephone numbers to order the hip protectors

•

a letter confirming participation in the study

•

a copy of the form they had signed giving permission for access to
resident information

•

a checklist for the implementation of the study
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•

a form to list residents ineligible for the study

•

a copy of the baseline data collection sheets

•

a form to aid in sizing residents for hip protectors

•

a copy of the protocol for the use of hip protectors

•

a copy of the letter to the resident’s relative, to be sent or given to the
relative with:
o the relative consent form, if indicated
o the relative information sheet
o a promotional leaflet

o reply paid envelopes
The aim of providing this folder to managers was to ensure that they had
master copies of all the relevant paper work and, more importantly, to set out
in simple steps what they must do to cooperate in the research and introduce
the hip protectors. The checklist for implementing the study was believed to
be essential for this purpose, and was set out on a single page. It is
reproduced below (Figure 5.1). Some parts of this checklist would apply to
any implementation process (numbers 1, 4, 6, and 7). Other parts were
specific to the research (numbers 2, 3, and 5).

Nursing and care staff
With the support of the home manager, a meeting was arranged in each
home to introduce the project to the staff. This took the form of an informal
talk and discussion with staff, during which they had an opportunity to
examine the hip protectors, ask questions, and raise any potential problems
with using the hip protectors. They were given an overview of the rationale
and evidence base for the use of hip protectors, together with promotional
materials produced by the supplier.
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Figure 5.1 Checklist for implementing the study

Checklist
1. Identify all those residents who are eligible for the study.
2. Complete the questionnaire for all eligible residents (not only for those who agree to take
part).
3. If a resident is ineligible for the study please record this on the form headed “Residents
ineligible for the hip protector study.”
4. Discuss the hip protectors with each resident (and where appropriate with the resident’s
family) so that they are able to make an informed decision. An information sheet is
provided to assist in this.
5. Obtain written consent from those residents who agree to wear the hip protectors (or
where appropriate, from their family). Return consent forms to the researcher.
6. Measure the residents and order the hip protectors.
7. Set a date for giving the hip protectors to the residents and distribute the hip protectors
on this date.
Notes
•

All residents are eligible for the study and should be offered the hip protectors,
except:
o Residents confined to bed 24 hours a day
o Residents with damaged tissue on the hip
o Residents temporarily admitted for respite care

•

Eligible residents admitted at any time during the study period should be offered the
hip protectors.

•

Residents who are ineligible, but whose status changes during the study period so
that they become eligible, should be offered the opportunity to take part in the study.

•

A resident or relative does not have to give a reason for deciding not to wear the hip
protectors. However, it is important to know why people decide not to wear the hip
protectors, so if possible please ask the resident/relative for their reason and record it
on the questionnaire.

•

When sizing the residents, measure hip circumference for women and waist
circumference for men. Match this with the product code on the ordering information
slip. A form is provided for this purpose.

•

Order the hip protectors by ringing (name of supplier here) on (supplier’s telephone
number). Ask for (name of employee), or for (name of employee), or (name of
employee). Please have ready the following:
o The name and address of the home
o The number of residents requiring each size and sex of hip protector (using
the product code provided on the Sizing Form)

•

(The supplier) will then deliver 4 hip protectors for each resident, with sex and size on
the packaging.
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Each home was also given a seven-minute videotape professionally produced
to the researcher’s specifications in the style of a short documentary or news
feature, and aimed at both staff and residents. The video programme
featured residents and staff from homes in the pilot study, together with
expert nursing and medical opinion. It contained a non-technical presentation
of the risks of falling and hip fracture, detailing the possible consequences,
and promoting the use of hip protectors to reduce the risk of hip fracture.
Patients who viewed videotapes regarding treatment options have been
shown to have a greater understanding of the associated risks and benefits
and to be more likely to be active participants in decision-making. They are
also more likely to engage in recommended self-care practices (Krouse,
2001). The video programme was aimed at residents but would also serve as
an introduction to staff who were not familiar with the hip protectors.
The objectives of the presentation and discussion with staff were to:
•

encourage staff to focus on the risks of hip fracture

•

persuade staff of the benefits of hip protectors

•

deal with objections to hip protectors

•

emphasise the importance of gaining the support of relatives

•

discuss approaches to gaining the consent of residents

•

instruct staff in the use of the consent form

•

discuss ways to maintain use of the hip protectors once the resident
has started to use them

•

explain the protocol for use of hip protectors

•

show the video, and encourage staff to show it to the residents and
their relatives.

Residents
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At the home manager’s discretion, residents were given a short talk
introducing the hip protectors by the nurse facilitator. However, only a small
minority of home managers took advantage of this offer, preferring the
approach to come from themselves and their staff. As noted above, staff
were provided with a promotional video presentation to show the residents,
together with materials produced by the supplier of the hip protectors in the
form of leaflets and posters (Appendix M). The resident information sheet
(Appendix D) also contained the same contact details and telephone help-line
number as were given to managers and staff but no residents made use of
these.

Residents’ relatives
The researcher wrote to all relatives listed as next of kin to inform them that
the resident was to be offered the hip protectors (and in the case of mentally
infirm residents, to seek their written consent). This letter contained an
information sheet explaining the use of hip protectors and the process of the
research (Appendices E and F), together with a promotional leaflet. Where a
decision was taken to wear the hip protectors, the letter also encouraged
relatives to help by discussing the risks of falling and the use of hip protectors
with the resident and by encouraging the resident to keep wearing the hip
protectors once they had started. The usual contact details were given, and a
few relatives rang to discuss the use of hip protectors. At the home
manager’s discretion, relatives were invited to a meeting for a short talk
introducing the hip protectors by the researcher or nurse facilitator, although
few managers took up this offer.

C.

Arrangements to monitor and maintain change.
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The nurse facilitator
The principal method of maintaining and monitoring the change was the
employment of the nurse facilitator. Employing a nurse to facilitate defined
changes in nursing practice is a common approach and one that would be
easily replicated by providers or commissioners of health services. The
facilitator visited the intervention homes according to the following schedule.
Visit

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Time from start
2 weeks
4 weeks
8 weeks
12 weeks
18 weeks
24 weeks
32 weeks
40 weeks
48 weeks
56 weeks
64 weeks
72 weeks

Visits were more frequent at the beginning of the study because it was
anticipated that this would be the period in which most questions and
difficulties might arise. The facilitation objectives for each visit were to:
•

monitor adherence to the use of the hip protectors (defined as the
resident wearing them at the time of the visit).

•

invite residents and staff to raise any questions or problems associated
with the hip protectors and if possible solve any problems.

•

encourage staff and residents to persevere with the hip protectors.

•

identify new residents and encourage staff to offer them hip protectors.

157

Protocol for hip protector use
This was not a research protocol, but a document to guide practice in the
homes (Appendix K). The protocol was developed in consultation with
managers taking part in the pilot study, and is patterned after typical nursing
policies in use in NHS Trusts in Northern Ireland. There is evidence that
good practice in nursing homes is more likely to be carried out where there
are policies in place related to the area of care in question (Funnell and
Herman, 1995; Nichol et al, 1996). A researcher is not in a position to impose
a policy, and has no managerial authority in the homes, so in that respect the
situation is different from where the policy is introduced by the home
manager. However, managers were urged to adopt the protocol as policy in
their homes, and the majority agreed to this. The protocol was also endorsed
by the Registration and Inspection Unit at the EHSSB, which was thought to
add weight to its recommendations.
On a single page, the protocol sets out eligibility criteria for residents,
references the evidence, and details the responsibilities of managers and
staff in the use of hip protectors, and the documentation of that use.
Documenting use is important in ensuring consistency of practice in the
home. It also helps to shield the home from allegations of negligence if the
resident breaks a hip having decided not to wear the hip protectors. It was
envisaged that a substantial number of residents might agree to wear the hip
protectors and then decide to stop wearing them at a later date. In this case,
the protocol instructs nursing staff to document that this is the case, together
with the reason given by the resident.

Reminders

158

The regular visits of the nurse facilitator were designed to be a reminder in
themselves. In addition, homes were issued with non-marking stickers
(Appendix N) to attach to the residents’ wardrobe or mirror – in fact any place
where they would draw the attention of the resident and staff to the fact that
this resident should be wearing hip protectors. Homes were also offered
posters for notice boards and common rooms.

5.10.2

Summary of the implementation process

The process of introducing and supporting the use of the hip protectors in the
homes addressed the core elements of implementation by providing the best
evidence for the intervention, by well-structured facilitation, and by taking into
account the context for the change in practice. In executing the process, the
factors likely to influence change were identified and taken into account, and
arrangements were made to monitor and maintain use of hip protectors. In
practice this meant providing credible evidence for the risk of hip fracture and
the efficacy of hip protectors in reducing that risk, to residents, their relatives,
staff and managers; supporting the homes as they introduced the hip
protectors; then supporting and monitoring the continued use of the hip
protectors through the ongoing visits of the nurse facilitator.

5.11

Ongoing data collection

The nurse facilitator collected the routine data for the study during her visits to
support continued adherence. She telephoned the home about one week
before visiting to make the arrangement, and visited during office hours
Monday to Friday according to the following schedules for intervention and
control homes, respectively.
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Intervention homes
Visit
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Time from start
2 weeks
4 weeks
8 weeks
12 weeks
18 weeks
24 weeks
32 weeks
40 weeks
48 weeks
56 weeks
64 weeks
72 weeks
Control homes

1.
2.
3.
4.

Visit

Time from start
12 weeks
24 weeks
36 weeks
72 weeks

On each visit to the homes she collected the following data:
•

the date of the visit

•

whether the resident had left the study since the last visit

•

if the resident had left, the reason for leaving:
o permanently transferred from the home
o died

•

date the resident left the study

•

whether the resident had suffered a hip fracture since the last visit

•

if the resident had suffered a hip fracture, the date on which this
occurred

•

whether the resident had suffered a pelvic fracture since the last visit

•

if the resident had suffered a pelvic fracture, the date on which this
occurred
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•

whether the resident had suffered an upper extremity fracture since the
last visit

•

if the resident had suffered an upper extremity fracture, the date on
which this occurred

•

whether the resident had suffered a lower extremity fracture since the
last visit

•

if the resident had suffered a lower extremity fracture, the date on
which this occurred

•

whether the resident had suffered a head injury since the last visit

•

if the resident had suffered a head injury, the date on which this
occurred

•

the name of the hospital attended following the fracture

•

the source of information:
o report from the nursing staff
o the home’s accident book
o a hospital diagnosis

In addition to the above, the following was collected from homes in the
intervention limb of the study:
•

whether the resident was observed to be wearing a hip protector at the
time of the visit

•

the number of falls recorded in the accident book since the last visit

•

the number of such falls when the resident was wearing the hip
protector

•

if the resident had suffered a hip fracture, whether the resident was
wearing hip protectors at the time of the fracture:
o yes
o no
o don’t know
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•

if the resident had suffered a pelvic fracture, whether the resident was
wearing hip protectors at the time of the fracture:
o yes
o no
o don’t know

Information was obtained from the nursing and care staff, and in the case of
falls and injuries, from the accident book (homes are required by the
Registration and Inspection Unit to keep a record of all untoward incidents,
including falls and injuries). In intervention homes, residents were directly
inspected to see if they were wearing hip protectors.
Home managers were asked to collect baseline data on all new residents who
were eligible to take part in the study and, in the intervention homes, to offer
new residents the hip protectors. The nurse facilitator also enquired on each
visit whether any new residents had been admitted and reminded managers
to collect the data and offer the hip protectors.

5.11.1

Data from external sources

The Hip Fracture Audit Database at the Royal Victoria Hospital and the
Patient Administration System at the Ulster Hospital Dundonald
All people suffering hip fracture in the EHSSB Area are treated in only two
hospitals: the Ulster Hospital Dundonald (UHD) and the Royal Victoria
Hospital (RVH), Belfast. Details of all such patients admitted to the RVH are
collected in an audit database. With the written permission of the custodians
of the data, this database was interrogated searching for patients admitted
from nursing or residential homes during the study period. This process was
repeated for the Patient Administration System in the Ulster Hospital. Thus
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hip fractures were identified through the admitting hospitals, by the nurse
facilitator when visiting the homes, and through the records kept by the
Registration and Inspection Unit (see below).

The Registration and Inspection Unit
A range of data was collected from the records of the Registration and
Inspection (R&I) Unit. Inspectors from the R&I Unit visit all homes for a
formal inspection at least once a year. Inspectors assess homes against
specific care and management standards (Appendix O). Discussion with an
experienced inspector enabled identification of those elements of the
standards that best reflect the overall good management of the home, and
this data was collected for each home. Also noted at each inspection is the
number of residents accommodated. Homes must also make a return once a
year on the number of residents living in the home at that time. This means
that the number of residents present in the home was measured on three
occasions over the course of the 18-month study period, as well as at the
start of the study. The mean of these figures was used as the figure for the
number of beds occupied in each home over the period. All homes have a
statutory obligation to report injurious falls to the Unit, and these are logged
on a database created for that purpose. This allowed the number of injurious
falls (including those resulting in hip and other fractures) suffered by residents
in each home during the study period to be collected.

5.12

Planned analysis
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Analysis was planned at the level of the home and at the level of the
individual, for both primary and secondary outcome measures. The twin aims
of the analysis were to evaluate the effectiveness of the policy in reducing the
rate of hip fracture in the intervention homes, and to explore the factors that
might influence effectiveness.

5.12.1

Analysis of the effect of the policy on the rate of hip fractures

The null hypothesis was that the rate of hip fracture in nursing and residential
homes that were randomised to a policy of offering external hip protectors to
residents would be no different to the rate of hip fracture in homes that were
randomised not to introduce this policy. Therefore, the main outcome
measure was the rate of hip fracture in the intervention and control groups
and the main analysis was carried out on the basis of intention to treat.

Intention to treat analysis
This was a comparison of hip fracture rates, i.e. the number of fractures
divided by the number of occupied bed-days per home, between all homes in
both control and intervention groups, irrespective of how far they followed the
study protocol. A subsidiary analysis was planned, with pelvic fractures and
other injurious falls as the outcome.

Per protocol analysis
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Seven homes in the intervention group and six in the control group did not
cooperate with subsequent full data collection and, in the case of the
intervention group, with introducing the hip protectors. Therefore, an analysis
was planned that was a replication of the principal analysis but with these
“low-cooperation” homes excluded from the dataset.

Subgroup analyses
A comparison of the distribution of hip fracture rates within homes (number of
fractures/occupied bed-days), within various home sub-groups. For example
between all EMI homes in control and intervention groups, irrespective of how
far they followed the protocol.

Analysis based on the individual
Individual based analysis of hip fracture rate was planned, taking into account
the effect of clustering at the level of the home. A secondary analysis was to
compare the hip fracture rate in those who adhered to wearing the hip
protectors and those who did not.

5.12.2

Analysis of the acceptability of hip protectors

The secondary outcome measure was the rate of acceptance and continued
adherence to use of the hip protectors by residents in the intervention homes.

Defining acceptability.
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Acceptability has two parts: initial acceptance of the hip protectors when they
are offered free of charge and continued adherence to their use.
Measurements of adherence were based on the resident who had started
wearing the hip protectors being observed to be wearing them when the
nurse facilitator visited the home.

Analysis of acceptability at the level of the home
Acceptability of the hip protectors was predicted to be positively associated
with the following home characteristics:
•

residence in a home for the EMI

•

residence in a nursing home (rather than a residential home)

•

residence in a home with a higher rate of compliance with R&I
standards

•

no change of manager during the study

Use of the hip protectors was predicted to be associated with the following
home characteristics (but the direction of the association was not predicted):
•

the size of the home (whether 30 or more beds, or fewer than 30)

•

whether the home was managed independently or as part of a group

Analysis of acceptability at the level of the individual
The secondary outcome measure was the rate of acceptance and continued
adherence to use of the hip protectors by residents in the intervention homes.
Individual adherence was planned to be calculated at a specific point in time
and then related to individual characteristics. Use of the hip protectors was
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predicted to be positively associated with the following resident
characteristics:
•

History of higher rate of falls

•

EMI status

•

Impaired cognition

•

Low Barthel score (11/20 or less).

•

Female sex

5.12.3

Statistical methods

All statistical analyses were carried out using STATA version 8.0 for Windows
(STATA Corporation, 2003). Throughout the thesis, statistical significance
was applied at the 5% level.

Home level analyses of fractures and adherence to wearing hip protectors
The rate of hip fractures, pelvic fractures and injurious falls (intervention
compared to control homes) and adherence to hip protectors were examined
at the level of the home.
The basic comparison was between the rates of these fractures and falls in
intervention and control homes. The hip fracture rate per home was defined
as the number of hip fractures in the study period divided by the number of
person (resident) days of observation in the home. For each home, the
resident days of observation is calculated as the mean number of occupied
beds during the study period multiplied by the number of days the home was
in the study. Since all homes were observed for the same length of time (504
days), the mean number of occupied beds within the home was the
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denominator for the hip fracture rate. Bed occupancy within each home was
obtained on four occasions spread over the study period from which the mean
number of beds occupied was calculated.
The mean fracture rate (SD), per occupied bed, in the intervention homes
was calculated and compared to that in the control homes and a rate ratio
and 95% confidence intervals calculated. Because there were some
differences in baseline characteristics between control and intervention
homes it was decided to model the fracture rates using Poisson regression.
This would allow the influence of potential confounders on any differences in
fracture rates between control and intervention groups to be examined.
Poisson regression, using an offset term, loge (mean number of residents)
was used. The dependent variables in the models were hip and pelvic
fracture rates and rate of injurious falls. Explanatory variables included
randomisation limb, client category of home, type of home, home size etc.
Where possible, these were included as categorical variables. The Poisson
distribution is considered to be an appropriate probability model for counts of
rare, independent events such as the main outcomes (fracture rates)
examined in this study (Woodward, 1999, P. 558).
Adherence to wearing hip protectors at 24 weeks was determined at the level
of individuals within the home (details are provided in Chapter Six, section
6.7). These data were then aggregated at the level of the home giving the
number of subjects who were adherent at 24 weeks and number of eligible
subjects in the initial cohort, remaining in the study at 24 weeks.
Adherence at the level of the home amongst the per-protocol homes was
analysed using generalised linear modelling (binomial error with overdispersion), with important potential explanatory variables at the level of the
home (e.g. client category, type of home, size of the home etc.) included in
the model. Correction for over dispersion was required because the sample
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design is clustered. (Aitkin et al, 1989). Although the level of adherence in
the low-cooperation homes was zero, these home could not be included in
this analysis as the binomial model also requires the number of residents
eligible to wear the hip protectors (at 24 weeks). These data were not
available.

Individual level analyses of hip fractures and adherence to wearing hip
protectors
Individual level analyses were performed in relation to the occurrence of hip
fracture during the period of the study: individuals in intervention homes were
compared to individuals from control homes. Occurrence of hip fractures was
treated as a binary outcome variable (the individual either did or did not suffer
a hip fracture during the study). Logistic regression analysis was therefore
appropriate with occurrence of fracture as the dependent variable and the
randomisation limb as the principal explanatory variable of interest. Potential
confounders such as age, sex, number of falls prior to the study etc. were
included in the models. The clustered nature of the design was taken into
account by including the home as the cluster unit in the model. Analyses
were performed for all subjects for whom data was available (including those
who entered the homes during the period of the study) and also for the cohort
of patients in the homes at the start of the study.
The method of determining adherence at 24 weeks is provided in Chapter
Six, section 6.7. Residents were classified as either adhering to hip protector
use, or not, at this time point, providing a binary outcome variable. Logistic
regression was therefore appropriate, with the home included as the cluster
unit. Models were constructed with adherence as the dependent variable and
important explanatory variables such as age, sex, history of falls prior to the
start of the study etc. included. These models were restricted to individuals
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within the intervention homes as hip protectors were not provided to the
control homes.

5.13

Funding the study

The researcher was supported by a fellowship from the Research and
Development Office of the Northern Ireland Health and Social Services
Central Services Agency. The costs of the hip protectors were funded by the
Eastern Health and Social Services Board and the PPP Foundation. The
nurse facilitator was funded by the PPP Foundation. Total funding was
£285,000.
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Chapter Six
Results
6.1

Recruitment of homes

One hundred and sixty four homes in the EHSSB were identified as being
eligible for the study. All homes registered with the R&I Unit of the EHSSB to
offer residential or nursing care to the old and infirm, and the elderly mentally
infirm, were eligible. Homes were recruited between May and December
2000. The large number of homes taking part necessitated a staggered start
to the study, with most homes starting between January and August 2001 and
finishing the study between June 2002 and January 2003. One home did not
start until November 2001 and finished in March 2003. Thirty-two homes
refused to take part and five homes closed before the start of the study.
One hundred and twenty-seven homes were randomised within 14 strata
(Table 6.1) on a 1:2 basis to intervention and control groups, giving 40 homes
in the intervention group and 87 in the control group. This was not an exact
1:2 ratio overall because randomisation took place within each stratum.
Seven homes in the intervention group and six in the control group did not
cooperate with subsequent individual data collection and, in the case of the
intervention group, with introducing the hip protectors (“low-cooperation”
homes) (Figure 6.1). Some managers said that pressure of work prevented
full participation but others did not offer an explanation. In keeping with the
purpose of the study as an evaluation of policy, these homes were included in
the intention to treat analysis.

171

Table 6.1

Baseline data for the homes: randomisation strata,
EMI status, residential or nursing home, size of home

Randomisation strata
EMI, nursing, 30 or more residents, independent

Intervention (%) Control
(%)
2 (5)
2 (2.3)

EMI, nursing, 30 or more, management group

2 (5)

3 (3.4)

EMI, nursing, 29 residents or less, independent

1(2.5)

2 (2.3)

EMI, residential, 30 or more residents, independent
& management group
MIXED, nursing, 30 or more residents, independent

2 (5)

4 (4.6)

1 (2.5

2 (2.3)

MIXED, nursing, 30 or more residents, management group

2 (5)

4 (4.6)

MIXED, residential, 30 or more residents, independent
& management group
MIXED, residential, 29 residents or less, independent

1 (2.5)

3 (3.4)

1 (2.5)

0 (0.0)

O&I, nursing, 30 or more residents, independent

7 (17.5)

16 (18.4)

O&I, nursing, 30 or more residents, management group

3 (7.5)

11 (12.6)

O&I, nursing, 29 residents or less, independent

4 (10)

11 (12.6)

3 (7.5)
2 (5)
9 (22.5)
40 (100)
Intervention
7 (17.5)
5 (12.5)
28 (70)
40 (100)
Intervention
22 (55)
18 (45)
40 (100)
Intervention
25 (62.5)
15 (37.5)
40 (100)

6 (6.9)
4 (4.6)
19 (21.8)
87 (100)
Control
11 (12.7)
9 (10.3)
67 (77)
87 (100)
Control
51 (58.6)
36 (41.4)
87 (100)
Control
55 (63.2)
32 (36.8)
87 (100)

O&I, residential, 30 or more residents, independent
O&I, residential, 30 or more residents, management group
O&I, residential, 29 residents or less, independent
Total
EMI status
EMI
EMI and O&I mixed
O&I
Total
Nursing or Residential homes
Nursing
Residential
Total
Size of the home
30 or more beds
Less than 30 beds
Total
Key:
EMI
O&I
MIXED
Residential
Nursing
Independent
Management group

Elderly Mentally Infirm
Old and Infirm
Mixture of EMI and O&I beds
Residential home
Nursing home
A home owned and run independently
A home managed as part of a larger organisation
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Figure 6.1

Flow of homes through the trial

164 homes identified as
eligible for the study

32 homes
refused to take part

5 homes closed before the
study started

127 homes randomised in a
1:2 ratio to intervention and
control groups

40 homes in the intervention
group, of which 7 did not
cooperate with full data
collection and
implementation of the policy

87 homes in the control
group, of which 6 did not
cooperate with full data
collection

85 residents suffered a hip
fracture

163 residents suffered a hip
fracture
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6.2

Number of residents in the homes

The numbers of individual residents living in the homes taking part in the
study over the 72-week study period were estimated by deriving a mean
number from figures provided by the homes on four occasions: at the
beginning of the study, and at approximately five, 12 and 17 months into the
study. This gave a figure of 4,117 resident beds used throughout the study.
Multiplying this figure by the number of days in the study period (504 days)
gives an estimate of the total for resident bed-days of observation in the study
of 2,074,968.
There were 1,366 beds occupied in intervention homes and 2,751 in the
control homes. Multiplying these figures by the number of days in the study
period (504 days) gives a figure for resident bed-days of observation in each
arm: 688,464 in the intervention group and 1,386,504 in the control group
(Table 6.2). There were 206 beds occupied in the low-cooperation homes in
the intervention group and 105 in the low-cooperation homes in the control
group (Table 6.3).

Table 6.2

The number of homes and the mean number
of beds occupied during the study

All homes
Beds occupied
Bed days
Per-protocol homes
Beds occupied
Low-cooperation homes
Beds occupied

Intervention (%)
Control (%)
40 (31.5)
87 (68.5)
1,366 (33.2)
2,751 (66.8)
688,464 (33.2) 1,386,504 (66.8)
33 (28.9)
1,160 (30.5)

81 (71.1)
2,646 (69.5)

7 (53.8)
206 (66.2)

6 (46.2)
105 (33.8)
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Table 6.3

Characteristics of the low-cooperation homes

Home characteristic
Number of homes

Number (%)
13

EMI status
EMI
EMI and O&I mixed
O&I

0
0
13 (100)

Nursing or Residential homes
Nursing
Residential

7 (53.8)
6 (46.2)

Size of the home
30 or more beds
Less than 30 beds

5 (38.5)
8 (61.5)

Management group
Part of a group
Independent

1 (7.7)
12 (92.3)

Mean % standards not met [SD]
Range
Manager changed x 1
Manager changed x 2
No manager changed

29 [25]
0 - 80
5 (38.5)
0
8 (61.5)

Key:
EMI
O&I
MIXED
Residential
Nursing
Independent
Management group
organisation

Elderly Mentally Infirm
Old and Infirm
Mixture of EMI and O&I beds
Residential home
Nursing home
A home owned and run independently
A home managed as part of a larger
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6.3

Baseline data for homes and individuals

The results of the randomisation of the homes are presented in Table 6.1.
The intervention and control homes were randomised within strata in a 1:2
ratio. The small number of homes in some strata meant that a 1:2 ratio was
not achieved in all cases. However, the desired ratio was achieved in the
broad strata of EMI status, nursing and residential homes, and the size of the
homes. This is also reflected in the individual data provided by homes on
4,131 residents (Table 6.4).
The number of times the homes changed manager during the study period
and the proportion of Registration and Inspection Standards failed (Appendix
O) are presented in Table 6.5. The number of resident falls in intervention
and control groups (in the per-protocol homes) during the four months prior to
starting the study is presented in Table 6.6. The number of residents in
intervention and control groups who were lost to the study (through death, hip
fracture or permanent transfer out of the home) is presented in Table 6.7.

6.4

Analysis of the rate of hip fracture per home

The hip fracture rate per home is defined as the number of hip fractures in the
study period divided by the number of person (resident) days of observation
in the home. For each home, the resident days of observation is calculated
as the mean number of occupied beds during the study period multiplied by
the number of days the home was in the study. Since all homes were
observed for the same length of time (504 days), the mean number of
occupied beds within the home can be used as the denominator for the hip
fracture rate. Bed occupancy within each home was obtained on four
occasions spread over the study period from which the mean number of beds
occupied was calculated. Data for each home on the mean number of beds
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Table 6.4

Individual resident baseline data from the per-protocol homes (low-cooperation
homes excluded)

Characteristic
Number of residents for whom data is available
Age
Mean [SD]
Range
Missing data
Sex
Female
Male
Missing data
Care categories:
Residential
Residential EMI
Nursing
Nursing EMI
Missing data
Cognitive impairment:
MDS-COGS score 0-4 intact/mild/moderate
MDS-COGS score 5-10 moderate/severe/very severe
MDS-COGS mean score
Missing data
Physical dependency:
Barthel Index mean score
Barthel Index score 0-11
Barthel index score 12-20
Missing data

Intervention (%)
1,179

Control (%)
2,952

84.2 [7.8]
47 - 101
36

83.7 [8.7]
34 - 101
20

894 (77.9)
253 (22.1)
32

2173 (74.1)
761 (25.9)
18

373 (32.4)
109 (9.5)
381 (33.1)
287 (25.0)
29

788 (26.7)
282 (9.6)
1431 (48.5)
448 (15.2)
3

489 (43.0)
649 (57.0)
4.9
41

1615 (55.1)
1318 (44.9)
4.3
19

11.1
528 (48.8)
553 (51.2)
98

10.3
1540 (55.4)
1241 (44.6)
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Table 6.5

Proportion of Registration and Inspection Unit
Standards not met and the number of homes changing
their manager during the study period

Home characteristic
Mean % standards not met
[SD]
Range
Manager changed x 1
Manager changed x 2
No manager changed

Table 6.6

Intervention
(%)
27.6 [21.9]

Control (%)

0 - 80
13 (32.5)
0
27 (67.5)

0 - 91
12 (13.8)
6 (6.9)
69 (79.3)

All resident falls in the four months prior to starting the
study (per-protocol homes)

Variable
Number of residents for whom data was
available
Number of falls
Mean [SD}
Range
Missing data

Table 6.7

28.9 [22.0]

Intervention
1,179

Control
2,952

827
0.72 [1.55]
0 – 13
36

2,305
0.79 [1.99]
0 – 38
26

Number of residents lost to the study by cause

Variable
Number for whom data was
available
Hip fracture
Permanent transfer
Died
Total

Intervention (%)
1346

Control (%)
3024

85 (16.1)
128 (24.3)
314 (59.6)
527 (100)

163 (13.7)
273 (22.9)
757 (63.5)
1193 (100)
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occupied, the number of hip fractures, the number of pelvic fractures, and the
total number of injurious falls are presented in Appendix P for the intervention
group, and in Appendix Q for the control group.
The study was designed to investigate the effect of a policy of offering hip
protectors on the rate of hip fracture within nursing and residential homes.
Therefore, an intention to treat analysis is appropriate based on data from all
127 homes entered into the study. This includes the “low-cooperation” homes
that refused to give individual data, or to allow monitoring visits, or (for those
in the intervention group) to offer the hip protectors.
Although the study was a randomised controlled trial and the principal
comparison of interest was the hip fracture rate in the intervention group of
homes compared to that in the control group of homes, it was felt that it would
be informative to provide both the unadjusted comparison and the
comparison adjusted for other important home characteristics as explanatory
variables. These were:
•

client category (EMI or O&I; EMI or mixed EMI and O&I)

•

type of home (nursing or residential)

•

size of home (29 or fewer residents, or 30 or more residents)

•

whether the home was independent or part of a larger management
group

•

the total number of injurious falls in the home during the study period

•

the proportion of R&I standards not met

•

whether the home had experienced a change of senior manager during
the study period

The method of analysis used was Poisson regression, using an offset term,
loge (mean number of residents), including a correction for over-dispersion
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where appropriate, and considering the first four explanatory variables set out
above as categorical. This analysis was repeated excluding the lowcooperation homes – a “per protocol” analysis. An intention to treat analysis
was also carried out within the home sub-groups. Finally, an exploratory
analysis was carried out where the 11 residents who were reported to have
suffered a hip fracture whilst wearing the hip protectors were re-coded as
having had no hip fracture – in other words as if they had been wearing a hip
protector that could guarantee full protection against hip fracture.

6.4.1

Intention to treat analysis of the rate of hip fracture per home

The results based on all 127 homes are presented in Table 6.8. Eighty-five
residents in the intervention homes and 163 residents in the control homes
suffered a hip fracture during the study period. This equates to a mean rate
of hip fractures per 100 residents of 6.22 (SD 4.8, range 0 to 22.6) in the
intervention group, and 5.92 (SD 6.0, range 0.0 to 31.0) in the control group,
over the 72 weeks of the study period. The policy of offering hip protectors
was not associated with a reduced rate of hip fractures (Adjusted Rate Ratio
[ARR] 1.05, 95% CI 0.76 to1.45, p > 0.05).
The following home characteristics were associated with an increased rate of
hip fracture: EMI rather than O&I (ARR 1.98, 95% CI 1.38 to 2.86 p < 0.01);
EMI rather than mixed O&I and EMI (ARR 1.5, 95% CI 0.95 to 2.28, p < 0.05);
being part of managed group of homes rather than an independent home
(ARR 1.42, 95% CI 0.89 to 2.05, p = 0.058).
The following home characteristics were not associated with an increased
rate of hip fracture: mixed designation for both O&I and EMI, rather than for
the O&I alone (RR 1.32, 95% CI 0.91 to 1.93, p > 0.05); designated as a
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Table 6.8

Rates of hip fracture, pelvic fracture and injurious falls per home - intention to treat
analysis
Event

Intervention

Control

Unadjusted
Rate Ratio (95%
CI)

Adjusted Rate
Ratio (95% CI)*

P value

Number of hip fractures
Rate per 100 residents [SD]
Rate range across homes (per 100
residents)

85
6.22 [4.8]
0-22.6

163
5.92 [6.0]
0-31.0

1.05 (0.76, 1.45)

1.05 (0.77, 1.43)

> 0.05

Number of pelvic fractures
Rate per 100 residents [SD]
Rate range across homes (per 100
residents)

12
0.88 [1.56]
0-6.2

6
0.22 [1.1]
0-7.5

4.03 (1.51, 10.74) 4.03 (1.48, 10.96)

< 0.01

Number of injurious falls †
Rate per 100 residents [SD]
Rate range across homes (per 100
residents)

73
5.35 [5.5]
0-22.9

122
4.43 [5.9]
0-29.2

1.21 (0.79, 1.83)

>0.05

1.16 (0.77, 1.76)

Key:
* 95% CI adjusted for home characteristics client category (EMI or O&I; EMI or mixed EMI and O&I), type of home
(nursing or residential), size of home, whether the home was independent or part of a larger management group, number
of injurious falls in the home during the study period, number of care quality standards met by the home (as measured by
the RIU), and change of senior manager during the study period.
† Falls resulting in an injury requiring medical attention (excluding hip fractures)
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Table 6.9

Association between home characteristics and the rate of hip fractures:
intention to treat analysis (adjusted)

Variable ratios
Client category:
EMI/O&I
MIXED/O&1
EMI/MIXED
Type of home:
Residential/nursing
Size of home:
>=30/<30
Whether in a managed group:
Group/independent
Change of manager:
Unit increase
Proportion of R&I standards failed:
Unit increase

Rate Ratio

95% CI

p value

1.98
1.32
1.5

1.45, 2.72
0.91, 1.93
1.01, 2.23

< 0.01
> 0.05
< 0.05

0.95

0.71, 1.27

>0.05

0.71

0.49, 1.04

> 0.05

1.42

1.04, 1.95

< 0.05

0.77

0.59, 1.0

< 0.05

0.92

0.51, 1.66

> 0.05
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residential home rather than a nursing home(RR 0.95, 95% CI 0.71 to 1.27, p
>0.05); having 30 or more beds rather than less than 30 beds (RR 0.71, 95%
CI 0.49 to 1.04, p > 0.05); having failed a greater proportion of R&I Standards
than a comparison home (RR 0.92, 95% CI 0.51 to 1.66, p > 0.05) (Table
6.9). The impact of a change in manager on the rate of hip fracture was also
investigated. Changing the manager once during the study period was
associated with a reduction in the rate of hip fracture (RR 0.77, 95% CI 0.59
to 1.00, p < 0.05) (Tables 6.5, 6.9).

6.4.2

Sub-group analysis

The policy of offering hip protectors was not associated with a reduced rate of
hip fractures when the Poisson regression analysis was repeated within the
various sub-groups. These were the 32 EMI and mixed EMI and O&I homes,
the 95 O&I homes, the 73 nursing homes, the 54 residential homes, the 47
homes with less than 30 residents, the 80 homes with 30 or more residents,
the 41 homes that were part of a managed group, and the 86 independent
homes.

6.4.3

Per-protocol analysis

The analysis was based on the data from the 114 homes that took part
according to the study protocol (i.e. excluding the low-cooperation homes).
The only significant change from the analysis including all homes was that
homes with less than 30 residents were associated with a higher rate of hip
fracture than those with 30 or more residents (RR 1.6, 95% CI 1.07 to 2.44, p
< 0.05).
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6.4.4

Exploratory analysis

An exploratory analysis was carried out where the 11 residents who were
reported to have suffered a hip fracture whilst wearing the hip protectors were
re-coded as having had no hip fracture – in other words as if they had been
wearing a hip protector that could guarantee full protection against hip
fracture. The policy of offering hip protectors was not associated with a
reduced rate of hip fractures, in either the intention to treat analysis (RR 0.92,
95% CI 0.7 to 1.22, p > 0.5) or the per-protocol analysis (RR 0.8, 95% CI 0.58
to 1.09, p > 0.05).

6.4.5

Pelvic fractures

There were 18 pelvic fractures recorded during the study: 6 in the control
group, 12 in the intervention group, including two where the resident was
reported to be wearing the hip protectors at the time of the fracture. The
policy was associated with an increased rate of pelvic fractures in both
intention to treat analysis (RR 4.03, 95% CI 1.48 to 10.96, p < 0.01) and the
per-protocol analysis (RR 4.95, 95% CI 1.8 to 13.61, p < 0.01) (Table 6.8).
An increase in the rate of pelvic fractures was also associated with homes
changing their senior manager during the study (RR 2.9, 95% CI 1.27 to 6.65,
p < 0.05) (Table 6.10)

6.4.6

Injurious falls

Injurious falls were defined as falls resulting in a fracture (excluding hip
fracture) or an injury requiring medical attention. There were 73 such falls
recorded in the intervention group and 122 in the control group. The policy
was not associated with a reduction in injurious falls in either the intention to
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treat analysis (RR 1.16, 95% CI 0.86 to 1.56, p > 0.05) (Table 6.8) or the perprotocol analysis (RR 1.07, 95% CI 0.78 to 1.48, p > 0.05). An increase in
the rate of injurious falls was associated with residential homes when
compared with nursing homes (RR 1.76, 95% CI 1.27 to 2.43, p < 0.01) and
with homes with 30 or more beds compared with homes with less than 30
beds (RR 1.8, 95% CI 1.12 to 2.86, p < 0.05) (Tables 6.8, 6.10).

6.5

Analysis of the rate of hip fracture by individual

This analysis was carried out using the 4,131 residents in the per-protocol
homes (1,179 in the intervention group and 2,952 in the control group) for
whom individual data was available. There were 49 hip fractures in the
intervention group and 103 in the control group. Logistic regression analysis
was performed, with hip fracture as the dependent variable and the
explanatory variables: the intervention variable, age, sex, Barthel index score
(0-11 or 12-20), MDS score (0-4 or 5-10), number of falls prior to the study,
and taking the cluster design into account. No significant difference was
found between intervention and control groups (Odds Ratio [OR] 1.08, 95%
CI 0.77 to 1.53, p > 0.05).
This analysis was repeated for those residents who made up the initial cohort
starting the study in both intervention (862 valid cases, 35 hip fractures) and
control (2,211 valid cases, 81 hip fractures) groups. No significant difference
was found (OR 1.00, 95% CI 0.66 to 1.55, p > 0.05).
The analysis was repeated (again for all those residents who made up the
initial cohort starting the study in both intervention and control groups) for
initial cohort residents in the intervention group adhering to use of the hip
protectors (289 valid cases, 12 hip fractures) compared to a group composed
of those in the intervention group who did not adhere to use of the hip
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Table 6.10

Association between home characteristics, pelvic fracture and injurious falls:
intention to treat analysis (adjusted). Significant variables only.

Event
Pelvic fracture
Total injurious falls

Variable ratios
Change of manager
Unit increase
Type of home:
residential/nursing
Size of home:
>=30/<30

Rate Ratio

95% CI

p value

2.90

1.27, 6.65

< 0.05

1.76

1.27, 2.43

< 0.01

1.80

1.12, 2.86

< 0.05
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protectors, together with those in the control group (2,596 valid cases, 95 hip
fractures). Because these groups were not achieved by randomisation, it was
particularly important that the explanatory variables (age, sex, Barthel index
score (0-11 or 12-20), MDS score (0-4 or 5-10), number of falls prior to the
study, and the cluster design) were taken into account in the analysis. Again,
no significant difference was found (OR 1.17, 95% CI 0.67 to 2.05, p > 0.05).

6.6

Acceptability of the hip protectors

Measuring the acceptability of hip protectors to residents requires attention to
two aspects: initial acceptance (which can be defined as the proportion of those
who are asked who are willing to start using them), and adherence (which can
be defined as the proportion of those who start that continue with their use).
However, in terms of the implementation of the policy, the first factor to take into
account is the response of the homes that agreed to take part in the study to the
implementation of the policy.

6.6.1

The response of the homes to the implementation of the
policy

As noted above, seven of the 40 homes in the intervention group and six of the
87 homes in the control group did not cooperate with full data collection and, in
the case of the intervention group, with introducing the hip protectors.
Consequently, residents in the seven “low-cooperation” homes in the
intervention group were never offered the hip protectors. However, in line with
the intention to treat approach adopted in this study, these homes were
included in the analysis (Tables 6.2, 6.3).
When the homes were recruited to the study, they were asked to offer the hip
protectors to all eligible residents present in the home at that time. These
residents formed the initial cohort. Homes were also asked to offer the hip
protectors to all eligible residents subsequently admitted. The initial cohort
numbered 938, with 58 residents identified as ineligible for receiving the hip
protectors, a total of 996 residents. However, the mean number of beds in use
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in the intervention homes over the course of the study was estimated at 1,366:
370 more than were identified as possible users of the hip protectors. Of these,
206 occupied beds were in the low-cooperation homes, but this still leaves 164
in the per-protocol homes. This indicates that there were a substantial number
of residents who were apparently not offered the hip protectors. It is likely that
this pattern persisted over the course of the study. Those leaving the study
through death, hip fracture or leaving the home numbered 527 (Table 6.7) but
only 408 residents were added to the study over the same period (Figure 6.2),
giving a total of 1,346 residents identified as possible users of the hip
protectors. It appears that as new residents entered the home, not all were
identified as either eligible or ineligible for using hip protectors.

6.6.2

Initial acceptance of the hip protectors

Data on initial acceptance was available for, 1,149 of the 1,366 residents who
were offered the hip protectors over the course of the study. Of these, 579
(50.4 %) agreed to wear them and 570 (49.6 %) refused. Home staff were
asked to enquire into the reasons mentally capable residents might give for
refusing the offer of the hip protectors. Only 33 residents gave a reason for
refusing (5.8 percent of those who refused). Of these, 25 (75.8 %) said that the
garment was too bulky or uncomfortable and eight (24.2 %) that it was difficult
to put on.

Data on initial acceptance was available for 924 residents in the initial cohort.
Of these, 508 (55 %) agreed to wear the hip protectors and 416 (45 %) refused.
Data on initial acceptance was available for 225 of the 408 residents who were
enrolled in the study after the initial cohort. Of these, 71 residents (31.6 %)
agreed to wear the hip protectors and 154 (68.4 %) refused.

Figure 6.2

The number of residents for whom data on
adherence was available at each observation point
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6.6.3

Initial cohort

Continued adherence to wearing the hip protectors

Monitoring and facilitation visits to each home were more frequent near the
beginning of the study, so residents joining the study after the start did not
receive the same number or frequency of monitoring visits as the initial cohort.
Consequently, their pattern of adherence could not be directly compared or
included with that of the initial cohort (Figures 6.2 and 6.3). For this reason,
analysis of factors influencing adherence to use of hip protectors was based on
data from the 938 residents in the initial cohort.

Figure 6.3

The number of residents wearing the hip protectors for
whom data was available at each observation point
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Residents in the initial cohort were visited on a total of 9,287 occasions. On
125 of these visits the resident could not be seen, usually because they were
temporarily out of the home. The hip protectors were observed to be worn on
4,130 (45.1 %) of the 9,162 visits where the resident was seen. The
percentage of residents wearing the hip protectors on each of the 12 visits over
the 72 weeks of the study is represented in Figure 6.4.

Figure 6.4

Percentage of the initial cohort wearing the hip
protectors at each observation point
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Whilst the initial cohort are a convenient sample for the purpose of analysing
the factors that influence acceptance and adherence, the important figures for
assessing the impact of acceptability on the policy are those related to the
population in the homes over the entire course of the study period. Therefore,
the denominator at any given observation point is equivalent to the mean
number of beds occupied in the intervention group over the course of the study
(n 1,366). The numerator is the total number of residents wearing the hip
protectors at any observation point – those in the initial cohort plus those who
subsequently joined the study. This gives figures for initial acceptance of
508/1,366 (37.2%); and adherence of 326/1,366 (23.9%) at 24 weeks;
317/1,366 (23.2%) at 48 weeks; and 272/1366 (19.9%) at 72 weeks. These
proportions are considerably less than those calculated at the same points for
the initial cohort (estimated at 55.0, 42.0, 42.2 and 36.6%, respectively) (Figure
6.5).

Figure 6.5

Residents wearing the hip protectors at each
observation point as a percentage of the initial cohort
and of the total beds occupied
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Overall adherence

Figure 6.6 shows the percentage adherence in the initial cohort for the following
home sub-groups: nursing homes; residential homes; EMI homes; EMI homes
and mixed EMI and O&I homes; and O&I homes. Figure 6.7 shows the
percentage adherence for residents with intact to moderately

Figure 6.6

Percentage adherence in the initial cohort by home
sub-group
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impaired cognition and those with moderate to severe impairment, as measured
using the MDS-COGS cognition scale.

6.7

Analysis of adherence

6.7.1

Identifying residents who adhere to wearing hip protectors

To facilitate analysis, residents who could be characterised as adhering to
wearing the hip protectors had to be identified. Examination of the figures for
percentage adherence in the initial cohort (Figure 6.4) showed that there was a
gradual reduction in adherence until 24 weeks (when adherence was 42
percent). Percentage adherence then stays over 40 percent, returning to 42
percent at 48 weeks, before falling to 36.6 percent at 72 weeks. Twenty-four
weeks was chosen as the point at which adherence would be classified.
Adherence did not greatly diminish for another 40 weeks following this point and
there were still 716 residents from the initial cohort alive and within the
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Figure 6.7

Percentage adherence in the initial cohort by degree
of cognitive impairment
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study at 24 weeks, providing a relatively large number for analysis. There were
10 residents not observed at 24 weeks but who were observed immediately
before or after 24 weeks. These were included in the analysis to give a total of
726 residents whose use of the hip protectors could be examined. This
represents 77.4 percent of the 938 residents in the initial cohort and 53.1
percent of the 1,366 residents estimated to be in the intervention homes at 24
weeks.
Seven residents not wearing the hip protector at 24 weeks were classified as
adhering to the use of hip protectors, on the basis that they had exhibited a
pattern of consistent use up to and beyond 24 weeks.
Identifying those individuals who can be characterised as adhering or not
adhering to wearing the hip protectors, allowed analysis of resident
characteristics thought to influence adherence at the level of the individual
(Table 6.11).
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The level of adherence in each home was based on the proportion of patients
from the initial cohort remaining in the home at 24 weeks who were still wearing
the hip protectors (Figure 6.8). Amongst the 33 per-protocol homes, mean
adherence was 45.6 percent (SD 31.6%), with a range of 0 – 100 percent. The
low-cooperation homes, which never introduced the hip protectors, were
classified as having zero adherence.

6.7.2

Modelling of adherence at home and individual levels

Adherence at the level of the home amongst the 33 per-protocol homes was
analysed using generalised linear modelling (binomial error and overdispersion). Over-dispersion had to be taken into account since the sampling
design was clustered. The explanatory variables were: client category (EMI or
O&I; EMI or mixed EMI and O&I), type of home (nursing or residential), size of
the home (29 or fewer residents, or 30 or more residents), whether the

Table 6.11

Individual data for residents in the initial cohort who were
wearing the hip protectors at 24 weeks

Characteristic

Wearing
(%)

Number of residents for whom data is available
Age
Mean [SD]
Range
Missing data
Sex
Female
Male
Missing data
Cognitive impairment:
MDS-COGS score 0-4 intact - moderate
MDS-COGS score 5-10 moderate - very severe
Missing data
Physical dependency:
195

318

Not
wearing
(%)
408

84.6 [7.6]
57 – 101
5

84.5 [7.8]
53 – 101
11

241 (77.0)
72 (23.0)
5

330 (82.7)
69 (17.3)
9

118 (37.8)
194 (62.2)
41

233 (58.8)
163 (41.2)
19

Barthel Index score 0-11
Barthel index score 12-20
Missing data
Falls in four months before the study
Mean [SD]
Range
Missing data
Falls during the study
Mean [SD]
Range
Missing data
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153 (52.9)
136 (47.1)
29

128 (33.2)
257 (66.8)
23

0.69 [1.37]
0 - 11
7

0.49 [1.19]
0 – 12
7

1.13 [1.47]
0-9
0

1.11 [1.63]
0 - 13
0

Figure 6.8

Adherence to wearing hip protectors in each
intervention home at 24 weeks
(Percentages based on residents in the initial cohort.
Includes seven low-cooperation homes with zero
adherence)
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home was independent or part of a larger management group, the proportion of
R&I standards not met, and the number of times the home had experienced a
change of senior manager during the study period. None of these variables
was significantly related to adherence.
Adherence at the level of the individual was examined using logistic regression
modelling, with age, sex, Barthel Index score, MDS-COGS score, falls prior to
the study, and falls during the study, as explanatory variables, and clustering on
the home (Table 6.11)
The following resident characteristics were associated with greater use of hip
protectors: having a Barthel Index score of 0-11 rather than 12-20 (OR 1.80,
95% CI 1.10 to 2.94, p 0.019); being male rather than female (OR 1.66, 95% CI
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1.02 to 2.70, p 0.039); having a greater (MDS-COGS score 5-10) rather than a
lesser (MDS-COGS score 0-4) degree of cognitive impairment (OR 1.75, 95%
CI 1.01 to 3.03, p 0.046).
The following resident characteristics were not associated with greater use of
hip protectors: age of residents (OR 1.00, 95 % CI 0.981 to 1.02, p > 0.05);
having had one more fall than other residents prior to the study (OR 1.03, 95%
CI 0.867 to 1.22, p > 0.05); having had one more fall than other residents during
the study (OR 0.974, 95% CI 0.882 to 1.07, p > 0.05).
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Chapter Seven
Discussion
This is the largest trial of hip protectors yet attempted both in terms of the
number of clusters (homes) and the number of individual participants. It also
has a distinctive focus in that the stated aim was to evaluate a policy of making
the hip protectors available free of charge to nursing and residential homes.
Introducing the hip protectors in a way that would be replicable in everyday
practice and using a cluster randomised design has allowed the organisational
factors that may affect the success of the policy to be examined.
For the purposes of analysis by individual, it was estimated that a sample size
of 1,521 in the intervention group, and 3,043 in the control group would have 80
percent power at the 0.05 level of significance to detect a 40 percent reduction
in the rate of hip fracture in the intervention group over the study period, taking
the cluster design into account (Chapter Five, section 5.5).
This figure assumed a non-cooperation rate of 20 percent, resulting in a
minimum sample size of 1,217 in the intervention group and 2,434 in the control
group. The homes provided an estimated maximum of 4,117 occupied beds
throughout the study period. The numbers achieved for this analysis were
1,179 in the intervention group and 2,952 in the control group, which
approximates to the required sample size. However, it should be noted that
these individuals were in the study for varying periods, not all of them for the
entire 504 days, which may reduce the power of the study to show an effect.
On the other hand, any effect that might have been detected would appear to
be considerably less than the 40 percent reduction that the study was designed
to detect.
Analysis at the level of the individual did not show a significant difference in the
incidence of hip fractures between intervention and control groups.
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In terms of the principal analysis of the intervention at the level of the home, it
appears that the policy has been unsuccessful in reducing the number of hip
fractures amongst residents in the intervention homes. The possible reasons
for this failure are discussed in detail below.

7.1

Possible reasons for the failure of the policy

The possible reasons for the failure of the policy are that:
•

the incidence of hip fractures in the control group was reduced by
contamination of the control group by residents wearing hip protectors not
supplied as part of the study

•

insufficient numbers of residents in the intervention group wore the hip
protectors

•

residents who wore the hip protectors were not those at highest risk of hip
fracture

•

the hip protectors, when worn, did not prevent hip fracture in the event of a
fall

Each of these possible reasons will be evaluated in turn.

7.1.1

Was the incidence of hip fractures in the control group
reduced by contamination of the control group by residents
wearing hip protectors not supplied as part of the study?

If the incidence of hip fractures in the control group was reduced by residents in
that group wearing hip protectors not supplied as part of the study, then this
would reduce any difference in hip fracture rates between the control and
intervention groups. This might confound the intervention effect of the policy of
introducing the hip protectors in the intervention group. Meyer et al (2003)
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argue that this may have been the case in their cluster randomised trial, where
limited use of hip protectors in the control group may have prevented a
disproportionate number of hip fractures, as those most at risk of hip fracture
might be expected to have chosen to wear hip protectors. However, of the
2,592 residents in the control group for whom this data was available, only 27
(0.9%) were reported to be already wearing hip protectors at the start of the
study. No further residents were noted to be wearing hip protectors at further
monitoring visits in the control homes. Such a low rate of use would not have
had a significant impact on the incidence of hip fractures in the control homes
and can be ruled out as a possible explanation for the failure of the policy.

7.1.2

Did insufficient numbers of residents in the intervention group
wear the hip protectors?

Data on initial acceptance was available for 924 residents in the initial cohort of
residents in the intervention group. Of these, 508 (55 %) agreed to wear the hip
protectors and 416 (45 %) refused. Following this, there was a gradual
reduction in adherence until 24 weeks, when adherence was 42 percent.
Percentage adherence then stayed over 40 percent, returning to 42 percent at
48 weeks, before falling to 36.6 percent at 72 weeks.
The majority of studies reported in the literature achieved higher levels of both
acceptance and adherence, although all but Kannus et al (2000) used subgroups consisting of homes or residents thought to be at higher risk of falling.
No such selection took place in our study: all homes in the EHSSB area were
invited to participate and the eligibility criteria for wearing hip protectors were
not restrictive. Therefore, one might expect that the proportion of residents
motivated to wear the hip protectors by perceived risk of falling would be lower
than that in populations where the risk of falling was higher. It is also the case
that Kannus et al (2000) did not include the 57 percent of participants who, for
various reasons dropped out of the intervention group in their calculation of
adherence, after they had dropped out of the study – when their adherence
would presumably fall to zero. Had they been included, the figure for
adherence would be considerably lower.
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Taking these factors into account, it would appear that initial acceptance of 55
percent and continuing adherence of 42 percent are levels that could
reasonably be expected in a sample from the population examined in our study.
However, these figures require careful interpretation in terms of their impact on
the policy. The policy was intended to reduce the overall rate of hip fracture in
intervention homes. Therefore, the important figures for acceptance and
adherence are those related to the population in the homes over the entire
course of the study period. Acceptance and adherence could be estimated as a
proportion of the total number of beds occupied over the course of the study. If
the figures provided by the homes for beds occupied are reliable, then the
denominator for estimating percentage use of the hip protectors at any
observation point in the study should be the mean number of beds occupied (n
1,366) over the course of the study. The numerator should be the total number
of residents wearing the hip protectors at any observation point – those in the
initial cohort plus those who subsequently joined the study. This gives figures
for initial acceptance of 508/1,366 (37.2%); and adherence of 326/1,366
(23.9%) at 24 weeks; 317/1,366 (23.2%) at 48 weeks; and 272/1366 (19.9%) at
72 weeks. These proportions are considerably less than those calculated at the
same points for the initial cohort (estimated at 55.0, 42.0, 42.2 and 36.6%,
respectively) (Figure 6.5)
It would appear from these figures that not all residents who might be eligible to
use hip protectors were identified as such by the homes. There were 938
residents identified for the initial cohort in the intervention homes, with a further
58 classified as ineligible to wear the hip protectors – a total of 996 residents.
However, if the beds occupied were at the estimated level of 1,366, then there
were 370 residents who were not considered for the study. Of these, 206
occupied beds were in the low-cooperation homes, but this still leaves 164 in
the per-protocol homes. This effect seems to have continued throughout the
study (Figure 6.2), with the overall number of residents identified as taking part
in the study gradually reducing (through death, hip fracture, or transfer out of
the home), even though the policy required newly admitted eligible residents to
be offered the hip protectors and included in the study. It also seems that
residents admitted to the intervention homes after the start of the study were
less likely to agree to wear the hip protectors. Data on initial acceptance was
available for 225 of the 408 residents who were enrolled in the study after the
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initial cohort. Of these, 71 residents (31.6 %) agreed to wear the hip protectors
and 154 (68.4 %) refused.
These figures illustrate a phenomenon experienced throughout the study: the
difficulty in obtaining and maintaining commitment from the staff in a proportion
of the homes, both to implement the policy and to provide full data for the study.
Some homes agreed to take part in the study and implement the policy but then
refused further cooperation and did not offer the hip protectors (the seven “lowcooperation” homes). Other homes implemented the policy but again to various
degrees, with some homes achieving 80 or even 100 percent adherence at 24
weeks, whilst others had fallen to zero adherence (Figure 6.8).
Obviously, lower levels of adherence are likely to reduce the effectiveness of
the policy. However, even if the lowest figures for adherence are accepted, this
may not be a sufficient explanation for the failure of the policy. Lauritzen et al
(1993) report a significant reduction in the rate of hip fracture (RR 0.44, 95% CI
0.01 to 0.94) with a rate of adherence (24%) similar to the lowest estimate of
adherence observed in our study. The effect seen in Lauritzen et al’s (1993)
study may partly be explained by a process of selection (by staff or by the
residents themselves) that led to those thought to be most at risk of falling
wearing the hip protectors. This leads to the third possible explanation for the
failure of the policy, discussed below.

7.1.3

Were residents who wore the hip protectors those at lower risk
of hip fracture?

In terms of the home-level analysis, the residents identified in this study as
being at higher risk of hip fracture were those living in EMI homes (OR 1.98,
95% CI 1.45 to 2.72 p < 0.01); those living in homes that were part of managed
group of homes rather than in an independent home (OR 1.42, 95% CI 1.04 to
1.95, p < 0.05); and (in the per-protocol analysis) those in homes with less than
30 residents compared to those with 30 or more residents (OR 1.6, 95% CI 1.07
to 2.44, p < 0.05) (Table 6.9). However, analysis of adherence at the level of
the home did not detect significant associations with any of the measured home
characteristics, including the home being an EMI home.
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Having a greater (MDS-COGS score 5-10) rather than a lesser (MDS-COGS
score 0-4) degree of cognitive impairment was associated with greater use of
hip protectors (OR 1.75, 95% CI 1.01 to 3.03, p < 0.05). Therefore, one could
argue that cognitively impaired residents are both more likely to wear hip
protectors and at greater risk of hip fracture. On the other hand, there were no
significant associations between adherence and home (as oppose to individual)
characteristics, including the home being an EMI home, so the match between
risk and adherence is unclear in this case. It may be that no difference was
seen between EMI and non-EMI homes because of the large number of
cognitively impaired residents in non-EMI homes. As might be expected, 87.4
percent of the 389 residents in designated EMI beds for whom data was
available had an MDS-COGS score of 5-10. However, the equivalent
percentage for the 746 residents in O&I beds was also relatively high, at 41.4
percent. The associations between greater use of the hip protectors and
greater cognitive impairment, and greater risk of hip fracture and residence in
an EMI home are of importance because they suggest that targeting residents
who are cognitively impaired may reduce hip fractures in this sub-group.
However, even when the EMI homes were analysed as a sub-group, no
significant intervention effect was detected.
There was no association between adherence and the size of the home (29 or
fewer residents, or 30 or more residents); or whether the home was
independent or part of a larger management group.
If generally accepted risk factors for hip fracture, such as a history of falling,
increased age and female sex, are examined, no association with adherence is
found. In fact, male sex is associated with greater use of hip protectors (OR
1.66, 95% CI 1.02 to 2.70, p < 0.05).
It appears that staff (and perhaps residents’ relatives) are not persuading
residents at high risk of hip fracture to wear the hip protectors. Neither are
residents at higher risk of hip fracture deciding to wear hip protectors. This may
be because staff and residents are unable to identify those at higher risk, or
because the hip protectors are not believed to be efficacious in preventing hip
fracture, or because the daily effort of using the hip protectors is perceived to
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outweigh the benefit of avoiding a possible hip fracture at some time in the
future.
It is possible that an approach targeting those most at risk would prove fruitful.
The policy put few limits on those who were eligible to receive the hip
protectors, excluding only the small minority residents who were confined to bed
24 hours a day, who had pressure sores on the hip, or who were temporarily
admitted. In contrast to this comprehensive approach, a number of studies
targeted those assessed to be at higher risk of hip fracture, either because they
were thought to be at greatest risk of falling (Jantti et al, 1998; Chan et al, 2000;
Cameron et al, 2001), or because they were female (Harada et al, 2001;
Cameron et al, 2001). A targeted approach was rejected in our study because
of the extra burden of assessment this would have placed on the homes, and
because such an approach might have excluded residents who subsequently
suffered a hip fracture. However, the risk factors for hip fracture were
discussed with staff as part of the implementation process, with the intention of
motivating them to offer the hip protectors to residents who might be at risk.
The chosen criteria were believed to reflect those that might reasonably be
expected if homes had a policy of using hip protectors. It is possible that
introducing a risk assessment process would have alerted both residents and
staff to those who might benefit most from wearing the hip protectors. Staff
might then be expected to make a special effort to persuade residents at higher
risk to wear the hip protectors, and such residents might be more open to
wearing them.

7.1.4

Did the hip protectors, when worn, fail to prevent hip fracture
in the event of a fall?

The hip protectors were worn during 332 of 689 falls recorded in the
intervention group (46.8%). Eleven residents were reported to have suffered a
hip fracture whilst wearing the hip protectors. This information was provided by
staff in the homes, who might have felt obliged to state that a resident was
wearing hip protectors if the resident fell and suffered a fracture, even if this was
not the case. However, there were also cases where the resident had stopped
wearing the hip protectors and subsequently suffered a hip fracture, and this
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was reported by staff. This indicates that staff were not tailoring their reports to
avoid possible criticism.
Assuming the reports to be accurate, it would appear that there were cases
where residents fell whilst wearing the hip protectors and suffered a hip fracture.
The laboratory studies of the Safehip hip protector used in this study indicate
that, as with all hip protectors currently available, it cannot guard against all hip
fractures, especially amongst fallers with very low bone mineral density. So, the
occurrence of hip fractures whilst the hip protectors were worn was not entirely
unexpected, although 11 of 85 fractures (13%) were more than had been
anticipated. This is a relatively large number of fractures, although two other
studies reported proportionately larger percentages. Kannus et al (2000) report
four of 13 hip fractures (31%) occurring whilst the hip protectors were worn and
Meyer et al (2003) report four of 21 hip fractures (19%). On the other hand, all
other studies report no fractures whilst wearing hip protectors.
A question arises: Would the policy have been successful if the hip protectors
had been efficacious in preventing all hip fractures when they were worn at the
time of a fall? This question cannot be answered directly, but an exploratory
analysis was carried out where the 11 residents who were reported to have
suffered a hip fracture whilst wearing the hip protectors were re-coded as
having had no hip fracture – in other words as if they had been wearing a hip
protector that could guarantee full protection against hip fracture. However,
even when these fractures were re-coded, the policy of offering hip protectors
was not associated with a reduced rate of hip fractures, in either the intention to
treat analysis (OR 0.92, 95% CI 0.7 to 1.22, p > 0.05) or the per-protocol
analysis (OR 0.8, 95% CI 0.58 to 1.09, p > 0.05). The conclusion must be
drawn that the failure of the policy was not due solely to the limitations of the hip
protector.

7.1.5

Pelvic fractures

Previous studies that report on the incidence of pelvic fracture have not shown
that wearing hip protectors influences the risk of such fractures (Lauritzen et al,
1993; Kannus et al, 2000; Cameron et al, 2001). However, in our study, the
206

policy was associated with an increased rate of pelvic fractures in both the
intention to treat analysis (OR 4.03, 95% CI 1.48 to 10.96, p < 0.01) and the
per-protocol analysis (OR 4.95, 95% CI 1.8 to 13.61, p < 0.01). It is possible
that the mode of action of the hip protectors – dispersing the force of a fall away
from the greater trochanter into the surrounding tissues – leads to greater
forces being transmitted to the pelvis and so to an increased risk of pelvic
fracture. However, of the 12 pelvic fractures recorded in the intervention group,
only two were reported to have occurred when the resident was wearing the hip
protectors. Therefore, the majority of pelvic fractures were not directly caused
by the transmission of the force of a fall through the hip protectors.
Another possibility is that the residents in the intervention group suffered a
greater incidence of falls than those in the control group and so increased their
risk of pelvic fractures. Four studies report a higher rate of falls amongst
residents wearing hip protectors compared to those in control groups (Lauritzen
et al, 1993; Jantti et al, 1998; Chan et al, 2000; Harada et al, 2001). It is
suggested that this may be due to staff and residents (Jantti et al, 1998; Chan
et al, 2000) believing that residents wearing the hip protectors are at less risk of
serious injury if they fall, and therefore being willing to risk residents moving
about more freely. This explanation is supported by Cameron et al’s (2000a)
study of 131 older women living at home, with a history of hospital admission
following a fall. Those randomised to use hip protectors developed a greater
belief in their own ability to avoid falling than those in the control group. If this
were the case, then one would expect the intervention group to have a higher
overall rate of injurious falls than the control group. However, there was no
significant difference between the intervention and control groups in the rate of
injurious falls in either the intention to treat analysis (OR 1.16, 95% CI 0.86 to
1.56, p > 0.05) or the per-protocol analysis (OR 1.07, 95% CI 0.78 to 1.48, p >
0.05).
Although the policy was associated with an increased risk of pelvic fracture, a
causal link has not been established, so this may have occurred by chance,
especially in the light of the small number of fractures.

7.1.6

Summary
207

It would appear that the policy failed as a result of a number of factors that,
when combined, reduced the effectiveness of the intervention. Principal
amongst these is low overall adherence to the use of hip protectors. This is
compounded by indications that those most at risk of hip fracture (older, female
residents, with a history of falls) were not the most likely to wear hip protectors,
and by the fact that the hip protectors did not always prevent hip fractures when
worn during a fall.

7.2

Explaining the failure of the policy

The conceptual framework guiding the overall approach to the implementation
of the policy was based on the work of Kitson et al (1998). Kitson et al (1998)
suggest that successful implementation depends equally on three core
elements: the level of evidence, the method of facilitating the change, and the
context into which the evidence is being implemented. The approach to
implementation can therefore be reviewed in relation to these three factors.

7.2.1

The level of evidence supporting the use of hip protectors

At the time that the hip protectors were introduced to the homes (between
January and August 2001), the level of evidence for the use of hip protectors
was not extensive but it was uniformly positive. Randomised controlled trials
published in peer reviewed scientific journals strongly supported their use (for
example, Lauritzen et al, 1993; Kannus et al, 2000), and the only systematic
review available (Parker et al, 2002) confirmed their effectiveness amongst high
risk groups, such as residents of nursing and residential homes. Consequently,
the hip protectors could be recommended to managers, staff and residents in
homes with a relatively high degree of confidence that they would be efficacious
in reducing the incidence of hip fracture amongst those residents who wore
them.
On the other hand, the fact that the hip protectors were the subject of a
research project may have raised doubts about their efficacy. It may have been
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difficult for staff to grasp the difference between a trial of hip protectors and a
trial to evaluate a policy of making the hip protectors available in homes. Where
there are many competing demands on staff, cooperation with research
originating from outside the home may have received a low priority. Whilst the
intervention was designed to be introduced as if it were a policy of the home, it
may well have been seen primarily as research into hip protectors, and
therefore as an option (as in fact it was) rather than a requirement for the home.
7.2.2

The method of facilitating the change

Kitson et al (1998, P. 152) define facilitation as “the type of support required to
help people change their attitudes, habits, skills, ways of thinking, and working.”
The main facilitators for the implementation of the policy were the researcher
and the nurse facilitator employed for the purpose. The researcher was mainly
involved in facilitation during the recruitment and introductory period, with
ongoing support provided by the nurse facilitator during the remainder of the
study. The nurse facilitator was able to develop friendly relationships with many
of the home managers and staff during her regular visits to the homes, and
certainly maintained the respectful and empathetic approach, and the consistent
support recommended by Kitson et al (1998). However, the facilitator had no
official position or authority in relation to the homes, and in fact depended on
the goodwill of the homes to carry out the study. It was thought that the fact
that the intervention was offered with the backing of the EHSSB and its
Registration and Inspection Unit, the Research and Development Office at the
DHPSS, the Geriatric Medical Unit at the Royal Victoria Hospital, and both
Universities in Northern Ireland, would lend authority to the policy.
Nevertheless, the home managers and their staff were participating on a
voluntary basis, which limited the degree to which the nurse facilitator could
influence practice within the homes.

7.2.3

The context into which the evidence is being implemented

Context is defined as the setting in which the change is to be implemented and
is influenced by the organisational culture, the style of leadership, and the level
of evaluation (McCormack et al, 2002). Residents are highly dependent on staff
for many basic activities of living, and are therefore likely to be dependent on
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staff to assist with the use of hip protectors. These issues were discussed in
Chapter Two, where it was argued that the promotion of hip protectors in the
homes must have the active support of staff or it would fail. Therefore, the
implementation of a policy to use hip protectors will be vitally affected by the
context within each home. However, whilst the presentation of the evidence
and the quality of the facilitation could be controlled by the researcher and the
nurse facilitator, there was no possibility, with the resources available, of
diagnosing or changing the organisational context within the 40 homes in the
intervention group. Homes received the same level of evidence, and the same
degree of facilitation, but made widely differing responses to the introduction of
the policy.
This is evident in both the initial response to the introduction of the hip
protectors, and the broad range of adherence at 24 weeks. As noted above,
seven of the intervention homes, having agreed to take part in the study, did not
implement the policy (the low-cooperation homes). This must be balanced
against the fact that 32 homes refused to take part in the study from the outset
and that six homes in the control group also offered only low-cooperation.
Therefore, it is uncertain whether the homes in the intervention group were
showing low-cooperation with the policy or simply a reluctance to take part in
the research. However, even if the per-protocol homes – those homes that
agreed to cooperate with the study and implement the policy - are considered in
isolation, adherence at 24 weeks ranged from 0 – 100 percent. The reasons for
these differences between homes are not clear. Adherence at the level of the
home was analysed using generalised linear modelling (binomial error and
over-dispersion), with client category (EMI or O&I; EMI or mixed EMI and O&I),
type of home (nursing or residential), size of the home (29 or fewer residents, or
30 or more residents), whether the home was independent or part of a larger
management group, the proportion of R&I standards not met, and whether the
home had experienced a change of senior manager during the study period as
the explanatory variables. However, no significant relationships were detected.
It seems that the differences between homes in terms of the degree to which
they successfully implemented the policy, are dependent on characteristics of
the context that are less easily measured than those captured in this study.
Kitson et al (1998) suggest that a culture that is supportive of necessary change
has a well-defined set of values, promotes learning as a team activity,
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emphasises relationships and teamwork, and rewards good performance. They
recommend that leaders should be capable of inspiring staff with a shared
vision and empowering them to achieve their goals, and that evaluation should
make use of multiple methods to provide feedback on individual, team and
system performance. There were insufficient resources available in this study
to formally evaluate these organisational and cultural factors, but the personal
experiences of the researcher and the nurse facilitator in the homes suggest
that the response of the senior manager in the home was a crucial factor in the
success or failure of the policy within that home. Where the manager was both
supportive of the use of hip protectors and also an effective manager of staff,
the hip protectors were likely to be used to a greater extent than in homes
where this was not the case. This is consistent with the model offered by Kitson
et al (1998). They suggest that the evidence is more likely to be implemented
where a full complement of desirable factors are present in all three elements.
Conversely, high quality evidence may not be implemented where context or
facilitation are inadequate.

7.3

Evaluating the implementation process

The implementation process, described in Chapter Five, was informed by the
recommendations from the Effective Health Care Bulletin, Getting evidence into
practice (Effective health care, 1999). Getting evidence into practice
recommends a three-stranded approach:
•

the identification of factors likely to influence the proposed change

•

a multi-faceted approach to targeting the relevant factors by people with
appropriate skills

•

arrangements to monitor and maintain change

7.3.1

Identifying factors that are likely to influence the
implementation process

It is recommended that an analysis of factors likely to influence the
implementation process should include the following:
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•

identification of all groups likely to be affected by the change

•

assessment of those aspects of the change that might influence its
adoption

•

assessment of the preparedness of the health professionals to change

•

identification of potential external barriers to change.

•

identification of likely enabling factors (Effective health care, 1999)

Most of the factors influencing implementation were successfully identified prior
to the commencement of the intervention period. For example, all the relevant
groups likely to be affected by the change were identified. These were the
residents themselves, the senior managers, the staff in the homes, the
residents’ relatives and General Practitioners. Each of these groups was
approached in various ways. The nurse facilitator offered to speak to groups of
residents about the hip protectors but only a handful of home managers took
advantage of this offer. The implementation plan called for the main approach
to residents to be made by staff, because staff members are known to residents
and are in a strong position to influence their decision and support the use of
the hip protectors. The weakness of this approach is that where staff do not
commit themselves to the implementation process, residents may not even be
offered the hip protectors.
To a certain extent, any lack of enthusiasm amongst staff could be
circumvented by approaching other groups, such as residents’ relatives and
General Practitioners, in the hope that they would suggest to residents or staff
that the hip protectors should be tried. Evidently, this was not sufficient in those
homes in which adherence was very low. The approach to GPs was in the form
of a letter informing them that their patients in nursing and residential homes
might be asked to take part in the study. A more aggressive approach, seeking
to enlist the active support of GPs, might have been more fruitful. However, this
would probably mean visiting GPs in their surgeries and keeping them abreast
of progress through regular reports. Such an approach would require
considerable amounts of the nurse facilitator’s time and is not guaranteed to
produce the desired effect. All relatives of residents in the intervention homes
were written to, informing them that the resident was to be asked to take part in
the study, and asking them to discuss the offer of hip protectors with the
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resident. Again, this seems to have been insufficient to overcome barriers to
implementation in the homes with low adherence. On the other hand, this
approach appears to have met with some success in the case of relatives of
mentally infirm residents. In the exploratory study, 102 of 151 (67.5%) relatives
of the mentally infirm refused to let the resident take part in the research
(although this was prior to randomisation). In the main study, only 52 percent
(205 of 394) of relatives refused permission for residents in EMI beds.
The crucial role of the senior managers of the homes was discussed in Chapter
Two. The managers are the gatekeepers for the homes, making the initial
decision as to whether to allow the home to take part in the study. The
exception to this is where the home is part of a managed group, when the
decision to take part is made by the managers of the group, rather than the
individual home manager. This is supported by the fact that only one of the 13
low-cooperation homes was part of a managed group (Table 6.3). However,
amongst the per-protocol homes, there was no relationship found between
adherence and whether the home was independent or part of a larger
management group, so the influence of the senior managers of groups of
homes obviously had its limits. Even if a home manager, on the instruction of a
more senior manager in the organisation, agreed to implement the policy, the
effectiveness of the implementation could not be guaranteed.

7.3.2

A multi-faceted approach to targeting the relevant factors by
people with appropriate skills

The implementation of the educational and administrative aspects of the policy
proceeded as planned. With the exception of the low-cooperation homes, all
managers agreed to the nurse facilitator meeting with their staff, and accepted
the relevant literature and documentation, together with the video programme
promoting the use of the hip protectors. The administrative arrangements for
ordering the hip protectors worked well, with only occasional delays in delivery
when particular sizes were briefly out of stock.

7.3.3

Arrangements to monitor and maintain change
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The nurse facilitator had no difficulty in gaining access to the homes for
monitoring the use of the hip protectors, although, as noted above, it appears
that not all eligible residents were brought to her attention, and neither was full
information on all patients provided by the homes.

7.3.4

Summary

The implementation process was broadly successful insofar as it depended on
the researcher and nurse facilitator and the surrounding administrative
processes. The relevant groups were identified and targeted with a multifaceted process of education and practical support, and the evaluation process
was carried out as planned. However, the response of the homes was highly
variable. The conceptual framework developed by Kitson et al (1998)
suggested that this would be the case but the extent of variation between
homes was nonetheless unexpected. The decision of the low-cooperation
homes in the intervention group to stop short of implementation was difficult to
understand. The hip protectors were presented as an efficacious intervention
designed to avoid a painful and potentially catastrophic injury for residents in
the care of the homes. They were a simple intervention, offered free of charge
and with a quick and easy ordering process. The four pairs of hip protectors
offered to each resident were worth at least £110, so a home with 30 eligible
residents could receive resources to the value of £3,300.
The low-cooperation homes were at one end of the continuum of failure and
success but, in addition to these, a number of homes gave minimal cooperation.
These homes did not withdraw cooperation but made what appeared to be a
token effort to implement the policy. Despite extra visits and practical
assistance with data collection from the nurse facilitator, these homes were
slow to agree to appointments to arrange implementation, and delayed
providing requested data and ordering the hip protectors. Few of their residents
started wearing the hip protectors. At the other end of the continuum were
homes where the policy was quickly and comprehensively implemented, and
both acceptance of the hip protectors and adherence to their use was at a high
level. The impression was gained that the deciding factor was the attitude and
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practice of the home manager. Where the manager was in favour of the hip
protectors and an effective manager of the home, the hip protectors were
effectively introduced. Where the manager was either not convinced of the
efficacy of the hip protectors, or not managing the home effectively, then the hip
protectors were likely to be introduced ineffectively.

7.4

The research in the context of the literature

The majority of studies support the efficacy of hip protectors. All but three
report a significant reduction in the rate of hip fracture when hip protectors are
used (Lauritzen et al, 1993; Jantti et al, 1998; Hindso and Lauritzen, 2000;
Chan et al, 2000; Kannus et al, 2000; Harada et al, 2001). The reasons for the
failure of the policy implemented in our study have been discussed above but it
is important to note that the only large study reported in the literature that made
allowance for the effect of clusters did not show a significant reduction in risk
(Meyer et al, 2003). The ability of other large cluster randomised controlled
trials to detect a significant effect is compromised by failure to take their
randomisation by cluster into account when estimating sample size and
analysing results (Lauritzen et al, 1993; Ekman et al, 1997; Kannus et al, 2000).
It is also the case that the degree of efficacy of the hip protectors has not been
clearly established. The individual level analysis in our study does not show a
significant difference between intervention and control groups (Odds Ratio [OR]
1.08, 95% CI 0.77 to 1.53, p > 0.05). Even when those known to have adhered
to wearing hip protectors at 24 weeks are compared to all those in both
intervention and control groups who did not do so, no significant effect on the
incidence of hip fractures is detected (OR 1.17, 95% CI 0.67 to 2.05, p > 0.05).
It should be noted that these groups were not achieved by randomisation, and
might be expected to differ in significant respects. However, the explanatory
variables (age, sex, Barthel index score (0-11 or 12-20), MDS score (0-4 or 510), number of falls prior to the study, and the cluster design) were taken into
account in the analysis, which lends credibility to the result.
Laboratory studies suggest that all presently available hip protectors, even
when worn correctly, cannot protect those with the most fragile bones in all
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circumstances. This is reflected in the significant minority who fracture their
hips whilst wearing the hip protectors. Indeed, a large study published very
recently (van Schoor et al, 2003) and randomised by individual in order to test
the efficacy of Safehip hip protectors, did not show a significant effect in either
an intention to treat or a per-protocol analysis. Four of the 18 hip fractures in
the intervention group (22.2%) occurred when the hip protectors were worn.

7.4.1

The methodological approach

The majority of studies reported in the literature were designed as randomised
controlled trials, with randomisation at the level of the individual (Jantti et al,
1998; Hindso and Lauritzen, 2000; Chan et al, 2000; Harada et al, 2001;
Cameron et al, 2001; Torgerson and Watt, 2002; van Schoor et al, 2003). This
approach is best suited to evaluating the efficacy of the hip protectors and
typically involves selecting from the general population of interest in order to
include those participants who will show the greatest effect from the
intervention, and to exclude those who have characteristics that may confound
or reduce the effect of the intervention. Naturally, all these studies focus on
populations at high risk of suffering a hip fracture: either older people in
residential care homes (Jantti et al, 1998; Chan et al, 2000; Harada et al, 2001;
Cameron et al, 2001) or those with previous hip fracture (Hindso and Lauritzen,
2000; Torgerson and Watt, 2002). However, within this high-risk group, various
sub-groups are targeted – principally those thought to be at greatest risk of
falling (Jantti et al, 1998; Chan et al, 2000; Cameron et al, 2001), and female
residents (Harada et al, 2001; Cameron et al, 2001). Thus, in order to test
efficacy, others who might benefit (those at a lesser but not low risk of falling,
male residents, those with no history of hip fracture) are excluded.
Consequently, these studies can only address the question of the efficacy of the
hip protectors, which can be defined as the “extent to which an intervention
produces an ideal result under ideal conditions” (Cochrane Collaboration, 2001,
P.10).
Once a case for efficacy has been made, the next question to be addressed is
that of effectiveness, defined as the “extent to which a specific intervention,
when used under ordinary circumstances, does what it is intended to do.”
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(Cochrane Collaboration, 2001, P.10). This means the intervention must be
tested in “ordinary circumstances”, which, in this context, means evaluating the
hip protectors as they might be used in an everyday service environment. The
best approach to this is to carry out a randomised controlled trial but to
randomise at the level of the cluster. This is the approach taken by the
remainder of the clinical trials (Lauritzen et al, 1993; Ekman et al, 1997; Kannus
et al, 2000; Meyer et al, 2003), which randomised at the level of the nursing
home or other residential unit. The special challenges involved in the design of
cluster randomised trials were discussed in Chapter Five. With the exception of
Meyer et al (2003), all of these studies encountered difficulties in accounting for
the effect of their cluster-level design in determining sample size and in
subsequent individual-level analysis.
Our study is a cluster randomised controlled trial seeking to evaluate
effectiveness. However, it is intended to address the next stage in evaluation –
to test not only the effectiveness of the intervention, but also the effectiveness
of the policy of making the intervention available. This means placing oneself in
the position of a potential policy-maker, for example a Health and Social
Services Board in Northern Ireland, and carrying out a process of policy
implementation that would be replicable by such a body in that context.
Consequently, all homes and individuals that would be subject to such a policy
must be included in the trial and the analysis must be by intention to treat. This
entails including all participants in the analysis according to the intervention to
which they were allocated, whether they received it or not, in order to reflect the
obstacles to adherence that might be found in everyday practice and the spread
of recipients who would normally be offered the treatment (Cochrane reviewers’
handbook, 2001).
As discussed above, Meyer et al (2003) report the only study with a cluster-level
design that took the cluster into account when determining sample size and in
subsequent individual-level analysis. However, even this study was not a true
test of policy. Only 44 of 86 homes participated, which raises the question of
the degree to which participating homes were representative of the wider
population in nursing homes. Within the homes, only a small proportion of
residents were invited to participate. The analysis was by intention to treat but it
appears that Meyer et al (2003) intended to treat only 15 percent of the
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estimated population of the homes. The results relate only to this sub-group,
with no figures for hip fractures provided for the remaining residents in the
homes. Consequently, Meyer et al’s (2003) study had a design suitable for
testing the effectiveness of the intervention of offering hip protectors but could
not address the effectiveness of a policy of making hip protectors available in
nursing and residential homes. Our study seeks to build on previous work by
including as many as possible of the eligible homes in the EHSSB area and by
including all of their residents in the analysis, whether or not they were offered
the hip protectors. The policy was to make hip protectors available free of
charge in nursing and residential homes, and to support the implementation
process by employing a nurse facilitator to encourage staff in the homes to
promote their use. The trial evaluates the effect of this policy by including all
homes to which the policy applied, irrespective of the degree to which they
implemented the policy.

7.4.2

Introducing the intervention

The introduction of the intervention in our study was similar to the approach
taken in a number of other studies. All studies that report an educational
intervention targeted staff rather than residents through 1-2 hour presentations
(Parkkari et al, 1998; Cryer et al, 2002; Meyer et al, 2003). Nurses were
employed to facilitate the introduction of the hip protectors and to encourage
adherence by visiting residents or homes (Kannus et al, 2000; Cryer et al, 2002;
Meyer et al, 2003) and written materials provided for staff and residents. An
innovation in our study was the use of a videotaped presentation. This was in
the style of a television news report presented by a television reporter well
known locally. It showed residents and staff from homes in the pilot study
recommending the hip protectors, and an older man modelling the hip
protectors in everyday situations. The risks of falling and fracturing a hip are
discussed by nursing and medical experts, and an older woman is featured
talking about her experience of hip fracture and subsequent use of the hip
protectors. The video programme was well received by staff and a copy was
left in each home for use with new residents or staff.
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The most comprehensive approach to introducing hip protectors described in
the literature is that used by Cryer et al (2002). Suitable residents were
identified through a structured falls risk assessment. Where risk factors were
identified, the home manager made a referral to the appropriate professional to
attempt to reduce the risk. The hip protectors were introduced to the residents
and their homes using a thorough implementation process. All staff who were
involved (general practitioners, home owners and managers, care staff, primary
care staff) were invited to meetings explaining the intervention and its rationale.
Project nurses carried out a two-hour teaching session in each home focusing
on fall and fracture risk and risk assessment, and provided a teaching resource
pack. Home owners and managers, and care staff were sent three letters
keeping them informed of the progress of the project and its wider impact. The
project nurses spent time with residents showing them the hip protectors and
explaining their use. Residents were also given written information on all
aspects of the study, and those using the hip protectors were visited weekly by
a project nurse to assess their progress. This appears to be a well-structured
approach and more comprehensive than the process used in our study in that
there was a formal approach to overall risk management, meetings with general
practitioners and primary care staff, and weekly visits by project nurses to the
residents. However, it may be that this rigorous process would not be readily
replicated in an everyday service environment.

7.4.3

The importance of the context for the intervention

It is difficult to envisage a more complete process of introduction and facilitation,
within existing resources, than that described by Cryer et al (2002). However,
despite this intensive approach, only 51 percent of the residents offered the hip
protectors agreed to try them and adherence was 30 percent at six months.
It seems that Cryer et al (2002) experienced the effect described by Kitson et al
(1998), where high quality evidence, even if introduced through an expertly
facilitated process, may not be implemented if the context is unsupportive.
Cryer et al (2002) make this point when they discuss their impression that
adherence was best where staff in the homes actively supported their use.
They hypothesise that where carers have a positive attitude to the use of hip
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protectors, adherence will be increased, and that negative attitudes will have
the opposite effect. This is borne out by the variation in daytime adherence (0 –
80%) between homes, and by differences between homes in terms of residents
beginning to use the hip protectors (in one home, none of the six residents
accepting the hip protectors wore them, and in another, only one of eight
residents wore them).
Cameron et al (2001) describe a similar effect, reporting major differences in the
level of adherence between the different nursing homes and hostels in their
study. They believe greater adherence was associated with a higher level of
organisational commitment to the project. Harada et al (2001) give a striking
example of this phenomenon. Adherence in six nursing homes in Japan was
measured at 87 percent over one year. The researchers attribute this
outstanding level of adherence to the commitment and good understanding of
the care staff.

7.4.4

Factors influencing the acceptability of hip protectors

Older people who have suffered a fall in the past appear to be more likely to use
hip protectors (Myers et al, 1995; Zimmer and Myers, 1997; Hindso et al, 1996;
Thompson and Jones, 2000), as do those who continue to fall (Hubacher and
Wettstein, 2001; Meyer et al, 2003), and those perceived by care staff to be at
risk (Lauritzen et al, 1993; Butler et al,1998). The corollaries to this are that
those who perceive themselves to be at lower risk are less likely to wear hip
protectors (Parkkari et al, 1998; Chan et al, 2000), as are those who believe the
hip protectors are ineffective in preventing hip fracture (Hubacher and
Wettstein, 2001). No information on residents’ perceptions of their risk of hip
fracture was recorded in our study. However, having a history of falls, or falling
during the study, was not associated with greater adherence, which suggests
that neither residents nor staff acted on a perception of greater risk.
A number of resident characteristics are associated with increased use of hip
protectors. Women have been found to wear hip protectors more readily than
men (Zimmer and Myers, 1997; Birks et al, 1999; Hubacher and Wettstein,
2001). However, in our study, being male was associated with greater use of
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hip protectors. The reasons for this are not clear. Having poor mobility is also
associated with greater use of hip protectors (Zimmer and Myers, 1997;
Hubacher and Wettstein, 2001). In our study, being more physically dependent
(with a Barthel Index score of 0-11 rather than a score of 12-20) was associated
with greater use. It is possible that this is because the greater dependence of
such residents upon staff means they are more open to persuasion to wear the
hip protectors. The evidence on the influence of dementia is inconclusive.
Some mentally infirm residents refused hip protectors (Hindso et al, 1996);
others took them off (Parkkari et al, 1998; Chan et al, 2000), whilst others
persisted in wearing them once use had been established (Harada et al, 2001).
In our study, greater cognitive impairment was associated with greater use of
the hip protectors. Again, this may be because such residents rely on staff to
make decisions for them and so are more open to persuasion. This result may
be important because cognitive impairment is also associated with a greater risk
of hip fracture. Therefore, this may be a sub-group of residents who would
benefit from a targeted approach.
Discomfort, poor fit and skin irritation (especially being too hot and too tight) are
barriers to continued use, particularly at night (Butler et al,1998; Villar et al,
1998; Parkkari et al, 1998; Birks et al, 1999; Hopper et al, 1999; Hubacher and
Wettstein, 2001; Lauritzen et al, 1993; Ekman et al, 1997; Jantti et al, 1998;
Kannus et al, 2000; Cameron et al, 2001), as is pain over the fracture site if the
wearer has suffered a hip fracture in the past (Hopper et al, 1999). Some
residents and staff complained that the hip protector increased the amount of
help residents needed when using the toilet (Parkkari et al, 1998; Birks et al,
1999; Hopper et al, 1999). In our study, the most common reason given by
residents for refusing the hip protectors was that the garment was too bulky or
uncomfortable, whilst others found it too difficult to put the hip protectors on.
Some staff commented that wearing the hip protectors made previously
independent residents dependent when using the toilet because of difficulty in
taking the garment down and pulling it up again.

7.5

Limitations of the study
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This study was designed as an evaluation of a policy of offering hip protectors
free of charge to residents of nursing and residential homes, and supporting the
implementation process by employing a nurse facilitator to encourage staff in
the homes to promote their use. The intention was to implement the policy
using an approach that might be employed by policy-makers, such as a Health
and Social Services Board. Therefore, a possible limitation is that the
intervention was not simply a policy but was also research, and perceived as
such by the managers, staff, and residents in the homes. Arguably, their
response to a simple policy might differ from their response to research. If the
policy had been introduced directly by the EHSSB, then it might have been
attended by a greater degree of general publicity and invested with a greater
authority, leading to a more enthusiastic implementation process by some
homes that made a poor response to the intervention. On the other hand, it is
instructive to note the response of the homes to the care and management
standards measured by the Inspectors from the R&I Unit (Appendix O). These
are minimum standards that the homes have a statutory requirement to meet,
so persistent failure can lead to the closure of the home. Yet the mean failure
rate for the homes was 28 percent (SD 22%). If homes struggle to comply with
minimum care standards required by their statutory inspectors, then it is not
surprising that they also made an inconsistent response to the policy of offering
hip protectors.
Ideally, all homes in the EHSSB area would have taken part in the study, but 32
(19.5%) of the 164 homes identified as eligible for the study refused to take
part, which would not have been the case if the policy had originated from the
EHSSB. No data were collected on these homes, so the degree to which they
were typical of the homes that took part in the study is unknown. These homes
might have made a significant impact on the effectiveness of the policy had they
taken part. Arguably, homes reluctant to take part in research, for whatever
reason, might also prove slow to implement policy. If this were the case, their
inclusion would have further diminished the effectiveness of the policy. On the
other hand, 127 of the homes (80% of the 159 that remained after five homes
closed before the start of the study) took part, providing an estimated figure of
4,117 resident beds used throughout the study. Multiplying this figure by the
number of days in the study period (504 days) gives a figure for resident beddays of 2,074,968. This is the largest trial of hip protectors attempted so far, in
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terms of both the number of clusters and the number of participants, which
means the sample is likely to be representative of this population.
The large number of homes (clusters) in the study, and the fact that the design
effect intrinsic to cluster randomised trials was taken into account when
determining sample size, means that the study had considerable power to
measure the effect of the policy. However, the incompleteness of individual
data placed some limitations upon explanatory analyses, particularly in relation
to the low-cooperation homes. A considerable number of residents passed
through the study without individual level data being captured, which reduced
the number of participants who could be included in the explanatory analysis.
Nevertheless, individual data was available for 4,131 participants: 1,179 in the
intervention group and 2,952 in the control group. These numbers were near
the required sample size for analysing the effect of the intervention by
individual. The number of participants available for analysis in terms of the
acceptability of the hip protectors was further reduced by the necessity of
focussing on the initial cohort in the intervention group. However, this still left
938 participants in the initial cohort at the start of the study and 726 at 24
weeks, which compares favourably with the next largest study (Kannus et al,
2000).
It was apparent that the context in the homes was exerting a considerable effect
on the effectiveness of the policy. An attempt was made to examine this effect
by including data on various organisational characteristics of the homes, but
none of these appeared to be related to adherence to wearing hip protectors.
Evidently, the organisational factors affecting adherence were unrelated to the
measured characteristics. However, the policy was implemented using a
framework that emphasised the importance of the context for implementation,
which allowed a fruitful discussion of the likely factors influencing success and
failure.

223

Chapter Eight
Conclusions and Recommendations
This study has shown that the policy of making hip protectors available free of
charge to residents of nursing and residential homes, and supporting the
implementation by employing a nurse facilitator is not effective in reducing the
number of hip fractures suffered by residents in the homes. The null hypothesis
- that the rate of hip fracture in nursing and residential homes that introduce a
policy of offering external hip protectors to their residents will be no different to
the rate of hip fracture in homes that do not introduce this policy – was
supported by the evidence. The analysis by individual also strongly suggests
that the hip protectors were not efficacious in preventing hip fractures.
The residents at higher risk of hip fracture were those living in EMI homes and
those living in homes that were part of managed group of homes rather than in
an independent home.
The policy was associated with an increased rate of pelvic fractures. However,
there are few grounds to support an argument that the increase was caused by
the introduction of the policy or by the use of the hip protectors in individual
cases.
It would appear that the policy failed as a result of a number of factors. These
were:
•

the low overall use of the hip protectors

•

that those most at risk of hip fracture (older, female residents, with a
history of falls) were not the most likely to wear hip protectors

•

that the hip protectors did not always prevent hip fractures when worn
during a fall

These factors, when combined, reduced the effectiveness of the intervention.
However, the most important of these is the low use of the hip protectors. Use
of the hip protectors depends partly on the individual choices of residents but
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principally on the degree to which the intervention is supported by the staff in
the homes, particularly the senior manager in the home.
Leaving to one side the effectiveness of the hip protectors, the success of the
policy implementation process depended on the quality of the evidence
supporting the use of hip protectors, the effectiveness of the facilitation of the
process, and on the context into which the policy was introduced. The
presentation of the evidence and the approach to facilitation were largely under
the control of the researcher. However, whilst the organisational and social
context of the homes was taken into account in the design of the
implementation process, it could not be altered using the available resources. It
appears that a policy based on the best available evidence, even if introduced
through an effectively facilitated process, may not be implemented if the context
is unsupportive. These principles relate not only to the policy evaluated in the
present study but also to other policies in other situations. The lessons learned
should therefore be of interest to all those concerned with policy
implementation. Having said this, it should be noted that the level of adherence
was not related to any of the measured home characteristics, so the contextual
factors influencing successful implementation have still to be demonstrated.
Resident characteristics associated with greater use of hip protectors were a
greater degree of cognitive impairment, greater physical dependence, and male
sex. The association with male sex is unsupported in the literature and the
reasons for this effect are unknown. The association with greater physical and
cognitive disability is consistent with the model advanced in this thesis that
residents who are more dependent on staff are more likely to be influenced by
staff who encourage them to wear hip protectors. The most common reason
given by residents for refusing the hip protectors was that the garment was too
bulky or uncomfortable, whilst others found it too difficult to put the hip
protectors on.
This study has demonstrated the complexity and the value of pragmatic
research. Studying the implementation of the policy in an everyday service
environment has led to a reduced ability to control the research processes,
reflected principally in the wide variation between homes, both in implementing
the policy and providing requested data. However, this variation is itself a
225

significant subject for the research, and the difficulties experienced in
implementation and data collection are those that would face a policy-maker.
Ultimately, the problems experienced have proved to be some of the most
interesting aspects of the research.

8.1

Recommendations for policy-makers and others
considering the introduction of hip protectors in their
areas of responsibility

The implementation of policy achieved in this study is not likely to be
significantly bettered within existing resources. Even if much higher use of the
hip protectors could be achieved, there is insufficient evidence for the efficacy of
hip protectors to guarantee that this would lead to a significant reduction in the
incidence of hip fractures. Therefore, funding bodies should not introduce a
policy of making hip protectors available to residents of nursing and residential
homes.

8.2

Recommendations for future research

These recommendations relate to the use of hip protectors and to the
implementation of policy.

8.2.1

Technical development of hip protectors

Existing hip protector designs are a compromise between efficiency in reducing
the impact of the fall on the greater trochanter and the comfort and convenience
needed in underwear. Future research should focus on increasing both
efficiency and comfort. No hip protector can offer complete protection but
efforts should be made to make a protector that reduces the force transmitted
from falls to levels below the lowest estimates for fracture forces. Research into
comfort should focus on reducing the bulk and weight of the protective pad,
reducing the heat retained by the material, and increasing the ease with which
the protector can be put on and off.
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8.2.2

Clinical trials of hip protectors

The limited efficacy of hip protectors means that clinical trials are unlikely to
show a significant effect. Therefore, further research into effectiveness should
await improvements in design that have been shown to increase the
acceptability and efficacy of the hip protectors. If a much-improved design
becomes available, then a trial of policy, similar to our study, should be
undertaken.
Cluster randomised trials of effectiveness should provide details of the number
and characteristics of the clusters and should account for all members of the
clusters in the research report. Appropriate measures should be taken to allow
for the design effect inherent in this approach when estimating sample size and
analysing results.
Research into the acceptability of hip protectors should seek to identify
characteristics of residents who are more likely to wear the hip protectors and
those most at risk of hip fracture, in order to allow a targeted approach. To
allow comparison between trials, measures of the acceptability of hip protectors
should provide figures for both initial acceptance and continued adherence to
use. There is no agreed approach to measuring adherence, so a full set of
measures should be used and reported, to allow estimation of the number of
participants using the hip protectors over time. Reporting only the number of
participants who fell whilst wearing the hip protectors, or the number of falls
when the hip protectors were worn is insufficient because different populations
may fall at different rates. Studies comparing different types of hip protectors
should be randomised by individual, rather than by cluster. More research is
needed into the experience of those who wear hip protectors, and how this
relates to acceptability.

8.2.3

Implementation of policy
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The influence of organisational context on the success of a policy of offering hip
protectors free of charge should be investigated. The organisational
characteristics identified by Kitson et al (1998) and McCormack et al (2002) as
supportive of necessary change provide a useful starting point. In particular,
the impact of the management style of the senior manager in the home on the
implementation of policy should be explored.
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Home number

Resident number

Office use

Hip protector research
Resident information
Has this resident agreed to wear the hip
protectors?

Yes

No

If “No,” what reason (if any) was given?
……………………………………………………………………………………………
……………………………………………………………………………………………
Date of
birth:
Sex:
Date admitted:

Day

Month

Male

Femal
e

Day

Month

Year

Year

Care category for this resident:
Residentia
l

Residential EMI

Nursing

Nursing EMI

How many times has this resident fallen in the last 4
months?
(As recorded in accident book)

Is this resident already using hip protectors (other than
those supplied for this study)?

Yes

No

Cognition Scale (please tick the appropriate boxes)
1. Short term memory (able to
remember events 5 minutes ago –
tick one box)

Modified independence (some
difficulty in new situations only)
Moderately impaired (decisions
poor; prompting/supervision
needed)
Severely impaired (never/rarely
makes decisions)
4. Making self understood (verbally or
in any other way – tick one box)

Memory problem
Memory OK
2. Long term memory (able to
remember events long past – tick
one box)

Understood

Memory problem
Memory OK
3. Decision making (decisions regarding
tasks of daily life – tick one box)

Usually understood (difficulty
finding words or finishing thoughts)
Sometimes understood (ability is
limited to making concrete requests)

Independent decisions (decisions
consistent and reasonable)

Rarely/never understood
241

5. Orientation (what the resident has
normally been able to remember during
the last 7 days – tick all boxes that
apply)
a) Season of the year
b) Location of own room
c) That she/he is in a
nursing/residential home
d) None of the above (a,b,c) are
remembered

242

Dressing self-performance
How the resident puts on, fastens and takes off all items of day clothes,
including putting on / removing any prosthesis. Please tick one box that
best
describes the resident’s usual performance
1. Independent
(no help or direction – or – help/direction provided only 1 or 2 times during
the last 7 days)
2. Supervision
(direction, encouragement or prompting provided 3 or more times during
the
last 7 days – or – supervision [3 or more times] plus physical assistance
provided only 1 or 2 times during last 7 days)
3. Limited assistance
(resident highly involved in activity; received physical help in guiding limbs
into clothing or other non-weight bearing assistance 3 or more times – or –
more help provided only 1 or 2 times during last 7 days)
4. Extensive assistance

(while resident performed part of activity over the last 7 days, help of the following
type[s] provided 3 or more times:
•
Weight-bearing support [resident needed help to sit or stand whilst
dressing]
•
Full staff performance during part [but not all] of the last 7 days)

5. Total dependence

(full staff performance of activity during entire 7 days)

The Barthel ADL Index – how the resident has performed over the last 7
days
Activity
1. BOWELS
0 = Incontinent
1 = Occasional accident
2 = Continent
2. BLADDER
0 = Incontinent
1 = Occasional accident
2 = Continent (for over 7 days)

Score

Activity
6. TRANSFER
0 = Unable – no sitting balance
1 = Major help – can sit
2 = Minor help
3 = Independent
7. MOBILITY
0 = Immobile
1 = Wheelchair independent

Score

viii

2 = Walks with help of one person
3. GROOMING
0 = Needs help with personal care
1 = Independent (implements
provided)
4. TOILET USE
0 = Dependent
1 = Needs some help
2 = Independent
5. FEEDING
0 = Unable
1 = Needs help
2 = Independent

3 = Independent
8. DRESSING
0 = Dependent
1 = Needs help
2 = Independent
9. STAIRS
0 = Unable
1 = Needs help
2 = Independent – up and down
10. BATHING
0 = Dependent
1 = Independent

Thank you for your help
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