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Hip fractures among elders resulting from falls are a growing concern as the propor-
tion of elders increases and health care costs mount. A recent innovation is the
development of an undergarment worn to protect against hip injuries. This study
attempted to determine whether a community population of elders would be receptive
to wearing such a garment and the characteristics of those who would and would not
be receptive. It was assumed that receptivity can be predicted by variables that have
been shown to relate to risks of falling. Predictor characteristics represent three
domains: demographic/predisposition, health/mobility, and social support. A logistic
regression procedure was employed to determine the probability and odds of recep-
tivity among elders given a profile of specific characteristics. Results were interpreted
with reference to past research on risks of falling.

With increases in the number and proportion of elderly persons has
come increasing concern regarding the prevention of hip fractures, a
major cause of hospitalization and morbidity among older adults.
Studies are underway to evaluate the effectiveness of an energy-
absorbing hip protector for use in high-risk clinical populations. What
remains unknown is the receptivity of elders to wearing such a garment
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and the characteristics of those who are more or less likely to comply
with practitioners’ recommendations regarding its use. The specific
purpose of this study was to examine the receptivity of elderly persons
to the notion of wearing a protective undergarment to prevent a hip
fracture should a fall occur.

Background

It is estimated that there will be 300,000 hospitalizations for hip
fractures in the United States by the year 2000 (Brody, Brock, &
Williams, 1987). Some countries have estimated that the number of
hip fractures will more than double in the early part of the twenty-first
century (Rockwood, Horne, & Cryer, 1990). Worldwide projections
indicate that the number of hip fractures occurring each year will rise
from 1.66 million in 1990 to 6.26 million by 2050 (Cooper, Campion,
& Melton, 1992). Currently, Europe and North America account for
about half of all hip fractures among elderly people, but marked
increases are expected throughout Asia and Latin America (Cooper
et al., 1992). It is clear, then, that hip fractures among the elderly is a
growing worldwide concern.

Increases in the number of hip fracture patients are occurring at a
time when there is growing concern about the management of health
care costs. The Office of Technology Assessment (OTA) estimates that
the average per patient expenditure for in-hospital services for all hip
fracture patients 50 years of age and older was $9,483 and the
expenditure for posthospital and other outpatient services was $9,852
in 1990 (U.S. Congress, 1994). Others have estimated the cost for
hip fracture treatment and rehabilitation per patient to be $40,000
(McGinnis, 1994). Despite these discrepant cost estimates, it is clear
that hip fractures among older adults generates a high cost burden. The
total direct medical care costs are estimated to be approximately $6
billion per year in the United States alone (Institute of Medicine, 1990;
U.S. Congress, 1994), and this figure is rising with increases in the
number of reported cases.

Recovery from hip fracture remains a major challenge for the
elderly. More than half who experience a hip fracture do not return to
their prefracture functional status (National Institute on Aging, 1990).
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Two longitudinal studies revealed that hip fracture was more likely
than any other serious medical condition, including heart attack, stroke
and cancer, to lead to functional impairment (U.S. Congress, 1994).
Reduced functional abilities, in turn, increase the likelihood for health
care service and costly institutionalization.

These above-mentioned factors all point to the overwhelming need
to delay, prevent, and/or reduce the incidence of hip fractures. Because
90% of hip fractures are the result of the impact from a fall (Grisso
et al., 1991), one logical strategy for their reduction is to limit the
frequency of falling. Past research has indicated that there are a
number of personal and environmental risk factors associated with
falls, such as decreased muscle strength, balance problems, and selec-
tive medications. These factors have been addressed in intervention
studies (Tinetti, Baker, McAvay, 1994; Wagner et al., 1994).

However, not all risk factors can be modified. A second viable
strategy would be to protect the hip from impact forces related to a
fall. The incident of a hip fracture is a biomechanical event in which
potential energy changes to kinetic energy during a fall. On impact
with the floor, it must be absorbed by the structures of the body if a
fracture is not to occur (Muckle, Bentley, Deane, & Kemp, 1978).
Recent research efforts have been directed toward the development of
energy-absorbing materials in the laboratory (Hayes et al., 1991; Hipp
et al., 1991; Lauritzen & Askegaard, 1992; Lauritzen & Lund, 1990;
Robinovitch, Takeuchi, Hayes, & MaMahon, 1991; Wortberg, 1988),
while clinical studies have been and are currently evaluating the
effectiveness of these materials (Heikinheimo, 1994; Robinovitch,
Hays, & McMahon, 1995; Wortberg, 1994). Lauritzen, Petersen, and
Lund (1993), reporting on the results of a clinical study with nursing
home residents, found a protector to be effective in preventing a hip
fracture as the result of a fall but also pointed out problems with
compliance. In more recent research, Ross, Woodworth, and Wallace
(1996) examined compliance from 2 to 6 months among selected
nursing home residents and community-dwelling persons. They found
a compliance rate of 60% among subjects wearing protectors 80% of
their waking hours. Hence, of paramount importance to the develop-
ment of hip protectors is the perception of and receptivity to the idea
of wearing a hip protector, because receptivity is the first step toward
eventual compliance.
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Because most older persons reside in noninstitutional settings, this
analysis explores the response of community dwellers to the idea of
taking protective action to prevent a hip fracture. Identifying initial
responses to the idea of a protective garment would be helpful in
planning for implementation, evaluation, and compliance by re-
searchers and practitioners. We begin with the notion that factors that
determine receptivity are similar to those that have been found to relate
to risks of falling. In this way, it is likely that those who are most
concerned or fear the consequences of a fall would be those who are
most receptive. Previous research has found that demographic factors
such as age and gender, health-related factors such as mobility and
balance, and social support factors such as the size of one’s network,
all may contribute to risks of falling (Blake et al., 1988; Campbell,
Borrie, & Spears, 1989; Grisso et al., 1991; Lipsitz, Jonsson, Kelley, &
Koestner, 1991; Mahoney, Sager, Dunham, & Johnson, 1994; Myers,
Baker, Van Natta, Abbey, & Robinson, 1991; Nevitt, Cummings, &
Hudes, 1991; O’Loughlin, Robitaille, Boivin, & Suissa, 1993;
Ryynanen, 1994; Studenski et al., 1994; Teno, Kiel, & Mor, 1990;
Tinetti, Speechley, & Ginter, 1988). In this study, we conceptualize
these predictor variables as representing three general domains: demo-
graphic/predisposition factors, such as age and level of education;
health and mobility items, such as the existence of chronic conditions
or mobility problems in the home; and social support factors, such as
family size and satisfaction with social contact. When an effective hip
protector becomes available, it is critical that we understand whether
those who are receptive to it are also those at high risk based on our
knowledge of risk factors for falls.

Data and Study Population

The data used for this study were from the Canadian Aging Re-
search Network (Group A) needs-assessment project. The project’s
primary aim was to collect information on the needs of elders that
could be met through product and service development. Personal
interviews were conducted with 1,406 individuals aged 65 years and
older. A two-staged sampling design was used. In the first stage, nine
sites were purposively chosen. These included Winnipeg—the one
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major city in the province—and eight smaller communities ranging in
population from 2,000 to 10,000 inhabitants. Within each site, respon-
dents were selected randomly from a list of Medicare recipients. (The
province provides universal Medicare coverage to its residents.) The
random sample was stratified for age and sex, and hence, these
proportions are characteristic of the elderly population of Manitoba.
Half of the sample were chosen from Winnipeg, whereas an equal
number of respondents were selected from each of the other eight sites
(1/16 of the sample coming from each smaller community). The
response rate for this study was 78%.

Fifty-eight percent of the sample was female and 42% was male.
The mean age was 75.8 years. The mean household size was 1.7, with
40% of respondents living alone. The mean years of education was
9.3. Fifty-five percent of respondents were married, 35% were wid-
owed, and the remainder were single never married, divorced, or
separated. Income level was recorded using a 13-point total household
income scale. Twenty-eight percent of respondents reported total
monthly household income to be less than $1,000, 45% reported it to
be between $1,000 and $2,000, and the remaining 27% had monthly
household incomes of more than $2,000. A more detailed description
of the sample and methods of data collection can be found in Zimmer
and Segall (1992).

Variables

DEPENDENT VARIABLE: RECEPTIVITY

As part of a section determining the needs of older persons in the
area of clothing, respondents were asked the following question:
“Would you consider wearing a garment that could prevent or decrease
injury should you fall?” Interviewers were instructed to explain that
the garment could be something like an undergarment worn under-
neath one’s outerwear. Responses were coded as yes or no. Those
individuals who responded yes were classified as being receptive to
wearing a protective undergarment. In total, 36.2% responded favor-
ably to the possibility of wearing a protective undergarment.
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DEMOGRAPHIC/PREDISPOSITION FACTORS

Demographic variables included were gender, age, education,
monthly household income, and place of residence. Gender (female
and male) and place of residence (rural and urban) were dichoto-
mously measured. Respondents from communities outside of Win-
nipeg were considered rural residents. Income was measured on a
13-point scale of monthly household income. A little more than 13%
did not report a level of income. Missing values for income were
replaced by a mean income level given the household size and sex of
the respondent. For example, a woman living alone with missing
income data was given the mean income value for women living alone
in the study. This strategy provides a more accurate replacement value
than a simple mean substitution. Age and education were measured in
years, continuously.

Predisposition variables are those that, along with demographics,
may influence personal outlook. A life satisfaction index combines
nine individual items, each measured on a 7-point scale. Specifically,
respondents were asked to rate their satisfaction in terms of health,
family, recreation, religion, self-esteem, transportation, finances,
housing, and friendships. The alpha coefficient for this index is .74.
Receptivity to a protective garment may also be determined by one’s
previous experiences with new products. For instance, an individual
who already owns other helpful products may be predisposed toward
being receptive to a protective undergarment. In this study, ownership
of amicrowave was used as a proxy for previous experience with other
products.

The need to climb stairs inside or to enter a home may predispose
an individual to being receptive due to need. A stairs variable was
created in which a score of 0 indicated no stairs in and around the
home, 1 indicated stairs needed either to enter the home or inside the
home, and 2 indicated both. Having experienced an injury due to an
accident in the past may also be an important predisposition factor.
Respondents were therefore asked if they have had a recent accident
(in the past 2 years) and if they were injured in that accident.

Finally, a variable was included to indicate previous experience of
having completed home renovations. Those who renovate may do so
for health reasons and therefore may be more conscious of their health
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and safety. These individuals would be expected to be more receptive
to products that could also assist in providing a feeling of security. This
variable was measured dichotomously.

HEALTH/MOBILITY FACTORS

Those who are in poor health and have difficulties with daily tasks
may be in greater need of a protective undergarment because the risk
of falling in these cases increases. For this reason, several health- and
mobility-related variables are included as predictors. A measure for
the number of chronic health conditions experienced by an individual
was constructed by adding the number of affirmative responses to a
list of 20 common chronic conditions such as heart trouble, stroke,
high blood pressure, cancer, diabetes, breathing problems, and others.
A measure for the number of health symptoms was constructed by
adding the number of affirmative responses to a list of 11 symptomatic
difficulties, which include dizziness, irregularity, tiredness, head-
aches, rashes, shortness of breath, pain, difficulty sleeping, loss of
appetite, indigestion, and depression. Chronic conditions indicate the
presence of an illness. Symptoms indicate problems that are not
necessarily specific to a condition but might restrict the things that
people do. The alpha coefficients for these indices are .62 and .69,
respectively. In addition to these objective measures of health status,
a subjective assessment of overall health was included. The indicator
used here was one found in much gerontological research. Respon-
dents were asked, “For your age, would you say in general your health
is excellent, good, fair, poor, or bad?” A response of excellent was
coded as 1, whereas the poorest health category, bad, was coded as 5.
Elders tend to report a relatively high level of self-assessed health
status despite experiencing a number of health symptoms, chronic
conditions, and mobility restrictions. Hence, they feel good about
themselves generally and feel as if they cope well despite being faced
with various health problems. It is for this reason that various measures
of health are necessary to tap the range of health issues faced by
seniors.

An in-home mobility index was created by adding affirmative
responses to questions asking if difficulty is experienced: getting in or
out of the bath, getting in or out of bed, using the toilet, toweling dry
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after a bath or shower, getting in or out of the shower, climbing a
flight of stairs, doing heavy household chores, doing light household
chores, getting in or out of a chair, and preparing meals. The alpha
coefficient is .84.

SOCIAL NETWORK FACTORS

The social network variables included were satisfaction with con-
tact, network size, family size, distance to nearest family, and living
alone. Size of network considered the number of close friends and
neighbors, whereas family size considered the number of parents,
siblings, and children. Respondents were also asked how far away they
live from their nearest family member. Responses were coded on a
6-point scale with a score of 1 being lives in the same neighborhood,
5 being lives several days’ journey away, and 6 being used for those
without any family members. Satisfaction with contact and living alone
were dichotomous variables. The former asked whether respondents
consider the amount of contact that they presently have with friends
and family to be sufficient.

Analysis

Receptivity was examined by way of several logistic regression
equations. The first model examined all predictor variables within the
three domains. To present more parsimonious results, a reduced model
was then formulated by selecting significant predictors. Finally, we
tested for interactions and constructed a final model adjusting for those
that were significant. Because health measures tend to correlate, and
a variety of health measures are used in the analysis, appropriate tests
were conducted to determine whether colinearity problems exist and,
if so, which of the health measures to retain in a reduced model.

Recall that the sampling design involved two stages. First, a pur-
posive stage was employed for selecting sites based on several criteria,
including community size and, for rural communities, distance to a
major metropolitan center. Next, a stratified stage was employed for
selecting a random sample within each site stratified by age and sex.
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Sampling theory suggests that these two types of sampling strategies
have different influences on estimated errors (Kish, 1965). To produce
error terms that are more robust, it is appropriate to adjust for potential
design effects when using complex sampling strategies. For this
reason, the standard errors reported were estimated using SUDAAN
(Shah, Barnwell, & Bieler, 1996), a software package that adjusts for
the effects of sampling design.

Receptivity is then examined among those with specific combinations
of characteristics. To do this, we first constructed several population
profiles and determined a predicted receptivity probability for those who
fit these profiles. These predicted probabilities represent a simulation in
which the profiled variables are fixed at a value of 1, the other variables
are fixed at their sample means, and marginal effects are calculated
using the logistic probability formula {P, = 1/1 +e****!*»*2---} Next,
by combining the logit estimates from the first logistic regression
procedure, we obtained relative odds and confidence intervals of
receptivity for these same population profiles. These odds represent
the multiplicative effect of several variables acting simultaneously on
the ratio of receptivity to nonreceptivity. In both of these calculations,
the control variables include those in the reduced model, including the
significant interaction.

Bivariate analyses not reported in tabular form revealed that the
association between education and receptivity is nonlinear and resem-
bles an inverted-U shape. Hence, a quadratic term was used to repre-
sent the influence of years of education.

Results

Table 1 presents logistic regression coefficients for three models
predicting receptivity: full, reduced, and interaction. Because the third
model consists of all significant associations, adjusting for significant
interaction terms, we concentrate discussion on these results. The
relative odds and 95% confidence intervals for these odds are also
presented for Model 3.

Females, renovators, and those with a previous injury were more
likely to be receptive. This latter effect was particularly strong. Having
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Table 1
Logistic Regression Coefficients Predicting Receptivity*
Model
Relative 95% Confidence
1 2 3 Odds Interval
Demographic/predisposition
Gender (1 = female) 32% 33 33% 1.39 1.23-1.57
(.134) (121) (12D)
Education (in years) A7* A7* A7* 1.19 1.11-1.27
(.074) (071) (.071)
Education -01* -01* -01* 0.99 0.99-0.99
(.004)  (.004) (.004)
Recent renovations (1 = yes) 37* .39* .39* 1.47 1.28-1.70
(.147) (.141) (142)
Previous injury (1 = yes) .68* .60* .83* 2.30 1.81-2.93
(:226) (.219) (.240)
Residence (1 = rural) -12
(.127)
Age -.02
(.010)
Income level -02
(.036)
Life satisfaction -01
(.019)
Own microwave (1 = yes) 14
(.135)
Stair index -.03
(.078)
Health/mobility
In-home mobility index .08* .07* .07* 1.07 1.04-1.11
(.036) (.029) (.030)
Number of conditions .03
(.036)
Number of symptoms .02
(.038)
Self-assessed health -10
(.101)
Social support
Unsatisfied with contact 53* 57+ .68* 1.97 1.67-2.32
(1 =yes) (.167)  (.155) (.161)
Network size -.00
(.004)
Family size .03
(.018)
Distance to family -.05
(.053)
Lives alone (1 = yes) .01
(.153)

(continued)
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Table 1 Continued
Model
Relative 95% Confidence
1 2 3 Odds Interval

Interaction

Previous injury X -1.29* 27 .16-.48

Unsatisfied with contacts (.543)
Constant 05 -178 -179
-2 log likelihood 1,594.53 1,655.32 1,307.06
a. Standard errors in parentheses.
*p < .05.

aprevious injury increased the likelihood of being receptive by a factor
of 2.30. Home renovators were 1.47 times as likely to be receptive
when compared to others, and females were 1.39 times as likely as
men, controlling for the other significant associations. Education was
considered in quadratic form. The results confirm an inverted-U shape
to its influence on receptivity, increasing at lower levels and decreas-
ing at higher levels. P values show that the shape of this association
is significant.

Of the health/mobility items, mobility inside the home was signifi-
cant.! Each mobility problem increased the relative odds of being
receptive to the undergarment by a factor of 1.07. Of the social support
items, only satisfaction with contact was significant, although its
influence was substantial, with relative odds of 1.97.

In addition to these independent influences, one significant inter-
action was found and is included in this final model. The interaction
between a previous injury and being unsatisfied with contacts shows
that the final probability of being receptive is reduced slightly for those
who have both of these characteristics. On the other hand, the coeffi-
cients for these two factors show an increase from Model 2 to Model 3.

These factors can work together to increase or decrease the likeli-
hood that someone would consider wearing a protective undergar-
ment. For instance, we know, from the results displayed thus far, that
having a previous accident that resulted in an injury increases recep-
tivity substantially. However, this factor alone does not guarantee that
someone would wear such a garment. However, in combination with
other strongly associated factors, the likelihood of being receptive will
increase. Table 2 profiles the proportion who said they would consider
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wearing the undergarment considering combinations of four important
variables. Although 36% of the total sample said they would consider
the undergarment, this table shows that combining predictors in-
creased the proportions substantially. For example, 62% of those with
a previous injury and unsatisfactory contacts and who are female
reported they would consider wearing the garment.

For some of these categories, the numbers who fit the profile are
quite small. Hence, to further illustrate the combined effects, we
present simulated probabilities of being receptive calculated from a
logistic regression equation. For example, we would predict that the
probability of being receptive is .685 for those with a previous injury
who are unsatisfied with personal contacts if the value of other
significant factors for these individuals equalled the sample means. In
other words, we would expect 68.5% of these individuals to be
receptive. Predicted receptivity probabilities reach greater than .7 for
a number of combinations of these characteristics.

We also present the relative odds of being receptive for those who
fit these various profiles, calculated from nonstandardized coefficients
that were obtained from Model 3 in the logistic regression procedure.
In other words, these ratios refer to the influence that the combination
of profiled factors has on the odds of receptivity to nonreceptivity,
controlling for the other variables in the model, which includes the
significant interaction. The relative odds for some of these combina-
tions of characteristics were quite high. For instance, those who have
had a previous injury and are unsatisfied with contacts were about 4.6
times as likely to be receptive compared to those without a previous
injury and who are satisfied with contacts. Having a previous injury,
being unsatisfied with contacts, and being female increased the odds
of being receptive to greater than 6. Moreover, having at least one
mobility problem as well increased the odds to more than 8. The most
common combination is having mobility problems and being female,
which increased the odds of being receptive by a factor of 1.8.

Discussion

This analysis has attempted to ascertain the factors that contribute
to receptivity of a protective undergarment that could protect in the
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case of a fall. Although 36% of community-dwelling seniors reported
that they would wear such a garment, this proportion increased among
certain subpopulations. When all predictors were considered simulta-
neously, six factors increased receptivity. These were dissatisfaction
with social contacts, female gender, in-home mobility problems, pre-
vious injury due to an accident, recent home renovations, and educa-
tion. The influence of this latter factor was found to be significant
despite its inverted U-shaped association. A significant interaction was
also found between previous injury and satisfaction with contacts.

Considering the health measures that are available in survey re-
search, the mobility factor used here is relatively objective in nature
in that it reflects one’s actual physical ability to carry out normal daily
tasks. On the other hand, the social contact measure is more subjective
in nature in that individuals are responding to a subjective “feeling”
about the adequacy of personal contact, a less tangible notion. A
cursory examination of the data confirms the subjective nature of this
latter variable. For instance, satisfaction with contacts is not correlated
with living alone (r = .00, p = .88), a social relation variable that is
more objective in nature. Hence, although receptivity to wearing a
protective garment may be best determined by objective measures of
health, in terms of social relations measures, it is subjective perception
of contact that influences receptivity. If elders are unsatisfied with
contacts, this suggests that they feel unsupported and therefore may
fear the consequences of falling more than others. In addition, an elder
may perceive contact with others to be unsatisfactory whether they
live alone or with others or whether their family size is small or large.
It is therefore the individual’s perception of interaction that determines
receptivity. Those who feel the amount of contact with others is
unsatisfactory likely fear the consequences of falling and coping with
an injury without adequate support.

Previous studies report that problems with mobility (Mahoney
et al., 1994; O’Loughlin et al., 1993; Studenski et al., 1994; Teno
et al., 1990), balance (Studenski, Duncan, & Chandler, 1991; Tinetti
et al., 1988; Yip & Cumming, 1990), and change in position such as
getting out of a chair (Campbell et al., 1989; Lipsitz et al., 1991) are
associated with falls in the elderly. Our finding of problems with
mobility in the home suggests that these elders may be more frail and
are limiting their mobility to household ambulation. They may have
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experienced near falls and may feel vulnerable to a serious injurious
fall and therefore are receptive to the idea of taking protective action.
In this case, it appears as if those in greatest need in terms of mobility
are also those most receptive to wearing a protective garment.

History of a previous injury was a risk factor. Again, these elderly
may be perceiving that they are at risk for a recurrent and serious
injury. History of a fall has been reported in studies to be associated
with subsequent falling (Myers et al., 1991; Ruthazer & Lipsitz, 1993;
Teno et al., 1990). History of an injurious fall has been associated with
recurrent falls (Nevitt, Cummings, Kidd, & Black, 1989; Ryynanen,
1994) and with subsequent injurious falls (Nevitt et al., 1991). Our
analysis also revealed that women are more receptive. This result
would tend to be congruent with recent studies that found being female
to be associated with falls (Blake et al., 1988; Campbell, Spears, &
Borrie, 1990; Myers et al., 1991; Nevitt et al., 1989; Ruthazer &
Lipsitz, 1993; Teno et al., 1990).

Those who have made renovations in their homes were more likely
to be receptive to the idea of a protective garment. Those who have
made adjustments in the home environment may have been respond-
ing to their personal abilities and changes in relation to aging in place.
They may also be more aware of needs for safety and protection
through personal experiences or with spouses and other family mem-
bers (e.g., a parent who fell and was cared for by the respondent or
who died from a hip fracture or never returned to his or her previous
functional status).

Finally, those in middle categories of education are most receptive.
This result may relate, somewhat, to the association between years of
education and knowledge and awareness of available products and
services. It is possible that those in lower levels of education are less
aware and knowledgeable and therefore do not see the benefit of new
technology. Risks of falling decrease for those in high education
categories, and receptivity may then decrease at the higher levels of
education due to subsequent decreases in fear of falling.

With hip fractures on the rise and with surmounting costs of health
care, the future postponement, reduction, and/or prevention of hip
fractures becomes a vital issue. This analysis is therefore of interest to
both practitioners and academics interested in the future care of our
growing elderly population. It would seem advantageous if factors that
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promote receptivity are congruent with the risk factors of falling.
Overall, our findings do support this notion. In combination, individ-
ual influences increase the likelihood of receptivity substantially.
These combinations of factors may be helpful to researchers evaluat-
ing hip protection garments and eventually to clinicians working with
elderly populations.

NOTE

1. Tests revealed relatively high correlations between in-home mobility and both health
symptoms and chronic conditions. The latter two variables are significant in the absence of the
former. The in-home mobility variable, however, is the most powerful explanatory variable of
the three, and because we seek the most parsimonious model, this is the factor retained for our
reduced model.
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