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Effect on hip fractures of increased use of hip protectors
in nursing homes: cluster randomised controlled trial
Gabriele Meyer, Andrea Warnke, R Bender, I Mühlhauser

Abstract
Objective To assess the effects of an intervention
programme designed to increase use of hip
protectors in elderly people in nursing homes.
Design Cluster randomised controlled trial with 18
months of follow up.
Setting Nursing homes in Hamburg (25 clusters in
intervention group; 24 in control group).
Participants Residents with a high risk of falling (459
in intervention group; 483 in control group).
Intervention Single education session for nursing
staff, who then educated residents; provision of three
hip protectors per resident in intervention group.
Usual care optimised by brief information to nursing
staff about hip protectors and provision of two hip
protectors per cluster for demonstration purposes.
Main outcome measure Incidence of hip fractures.
Results Mean follow up was 15 months for the
intervention group and 14 months for the control
group. In total 167 residents in the intervention group
and 207 in the control group died or moved away.
There were 21 hip fractures in 21 (4.6%) residents in
the intervention group and 42 hip fractures in 39
(8.1%) residents in the control group (relative risk
0.57, absolute risk difference − 3.5%, 95% confidence
interval − 7.3% to 0.3%, P=0.072). After adjustment
for the cluster randomisation the proportions of
fallers who used a hip protector were 68% and 15%
respectively (mean difference 53%, 38% to 67%,
P=0.0001). There were 39 other fractures in the
intervention group and 38 in the control group.
Conclusion The introduction of a structured
education programme and the provision of free hip
protectors in nursing homes increases the use of
protectors and may reduce the number of hip
fractures.

Introduction
Hip fractures are a major cause of disability and functional impairment among elderly people.1 Residents in
nursing homes are at particularly high risk.2 External
hip protectors can effectively reduce the impact of falls
and thereby the risk of the hip fracturing. Trials of hip
protectors in nursing homes have reported a reduction
of 50% in the incidence of hip fracture.3 In general,
however, acceptance of hip protectors is poor.3 Adherence will be largely determined by the motivation and
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competence of staff in nursing homes.4 We developed a
two part intervention, consisting of structured theory
based education and provision of free equipment,
directed at nursing staff and residents to encourage the
use of hip protectors. We evaluated whether there were
fewer hip fractures among elderly people in nursing
homes that received the intervention programme
compared with those in nursing homes with optimised
usual care.

Participants and methods
Nursing homes and residents
All 86 nursing homes in Hamburg with at least 70 residents were invited and 42 with 49 nursing home clusters agreed to participate (see figure). A cluster was
defined as a nursing home by itself or an independently working ward of a large nursing home.
Recruitment took place from March to November
1999. In each cluster a study coordinator was
nominated. The nursing staff selected 15 to 30
residents according to predefined inclusion criteria:
>70 years old, not bedridden, and living in the nursing
home for more than three months. Nursing staff
collected baseline data supported by the investigators.
For description of the functional and cognitive status
we used degrees of disablement as assessed by expert
raters of the medical service of the German statutory
health insurance system (0=none, 1=considerable,
2=severe, 3=most severe).5

Unit of Health
Sciences and
Education,
University of
Hamburg,
Martin-Luther-KingPlatz 6, D-20146
Hamburg, Germany
Gabriele Meyer
research fellow
Andrea Warnke
research assistant
I Mühlhauser
professor
Department of
Epidemiology and
Medical Statistics,
School of Public
Health, University
of Bielefeld, PO Box
10 01 31, D-33501
Bielefeld, Germany
R Bender
statistician
Correspondence to:
I Mühlhauser
Ingrid_Muehlhauser@
uni-hamburg.de
bmj.com 2003;326:76

Randomisation
We used computer generated randomisation lists for
concealed allocation of clusters by external central
telephone. To obviate disparate sample sizes we used
random permuted blocks of four, six, and ten.
Intervention
Hip protectors are not covered by German health
insurance. In homes allocated to usual care (control
group) the nominated study coordinator received brief
information (10 minutes) about and demonstration of
the hip protector, and two hip protectors were
provided for demonstration purposes.
In the intervention group we aimed to prevent the
number of hip fractures by increasing the use of hip
protectors rather than by preventing falls. The
intervention consisted of structured education of staff,
who then taught residents, and provision of free hip
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protectors. We provided three hip protectors per
resident (Safehip (Tytex, Denmark), the only evaluated
hip protector available at the start of the study6).
The development of the programme followed the
framework for design and evaluation of complex interventions as suggested by Campbell et al.7 Details of the
initial development phases have been published.8 The
programme was based on principles of the social
learning theory, which considers modelling as a
powerful means of transmitting values, attitudes, and
patterns of thought and behaviour.9 Self efficacy is posited as a fundamental to behaviour change.10 11 The
development of the curriculum followed approaches
we have successfully tested for other teaching
programmes.12 13
The education session lasted for 60-90 minutes,
took place in small groups (average 12 members of
staff from each cluster), and was delivered by two investigators. It covered information about the risk of hip
fracture and related morbidity; strategies to prevent
falls and fractures; effectiveness of hip protectors;
relevant aspects known to interfere with the use of protector, such as aesthetics, comfort, fit, and handling;
and strategies for successful implementation. The
session included experience based, theoretical, and
practical aspects. Staff members were encouraged to
try wearing the hip protector. Apart from the printed
curriculum we also developed and provided 16
coloured flip charts illustrating the main objectives and
leaflets for residents, relatives, and physicians.
At least one nurse from each intervention cluster
was then responsible for delivering the same education
programme to residents individually or in small
groups. Nursing staff were encouraged to wear a hip
protector during these sessions and to include
residents who readily accepted the hip protector as
activating group members.
About two weeks later we visited the intervention
clusters again to encourage the administration of the
programme. Otherwise frequency and intensity of
contacts were similar for intervention and control
groups.
Study outcomes
Nursing staff used a specially developed documentation sheet on falls to collect outcome variables. We
checked data every two months during personal visits.
At the end of the study, one investigator and the nominated study coordinator from each cluster reviewed all
records to verify the completeness of data.
Our primary outcome variable was hip fracture.
Secondary outcome measure was use of hip protectors
expressed as the proportion of falls with documented
use of the protector and the proportion of fallers with
documented use of the protector during at least one
fall. Reasons for non-adherence were registered. We
also recorded frequency of falls; other fractures related
to falls; hospital admissions and consultations with a
physician related to falls irrespective of the reason for
falls; quality of life; and costs.
Sample size
As a previous randomised trial has shown that use of
hip protectors reduces the incidence of hip fracture6
we chose the one sided hypothesis that our
intervention would reduce the incidence of hip
fracture. Under conditions of usual care the incidence
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of hip fracture is about 60 per 1000 residents per year.6
We calculated that we would need a sample size of 384
in each group to detect a reduction in relative risk of
50% at á=5% and 80% power. To allow for the methods
of analysis required for clusters we increased this
number to 477 in each group.14
Statistical methods
We analysed the main outcome “hip fracture” and the
variable “other fractures” with ÷2 test adjusted for cluster randomisation.14 Though the trial was designed
with a one sided hypothesis, to follow statistical
convention we report results for two sided 5% tests for
the primary outcome and all other variables. The effect
of the intervention is expressed as relative risk,
difference in absolute risk, and number needed to
treat.15 For risk differences we calculated 95%
confidence intervals using a method appropriate for
cluster randomised trials.16 For all other follow up data
we used the cluster as the unit of analysis—that is, we
averaged residents’ values within clusters and calculated means (SD) of the cluster values within the
groups. For statistical comparisons between the groups
the Wilcoxon rank sum test was used. P < 0.05 was
regarded as significant. For computations we used SAS
6.12 and 8.02.
Ethical approval
As the unit of intervention was the cluster we obtained
informed consent from all nursing home clusters
rather than from residents. The protocol was approved
by the ethics committee of the Hamburg chamber of
physicians and the regional data protection office.

Eligible nursing homes (n=86)
Declined to participate (n=44)
Agreed to participate
(42 nursing homes with 49 clusters)

Baseline assessment
(49 clusters with 942 residents)

Randomisation

Intervention group
(25 clusters with 459 residents)

Control group
(24 clusters with 483 residents)

Early study termination
Deceased (n=157)
Moved (n=10)
Hospital stay lasting >3 months
(n=0)

Early study termination
Deceased (n=183)
Moved (n=23)
Hospital stay lasting >3 months
(n=1)

18 month follow up
(n=292 residents)

18 month follow up
(n=276 residents)

Analysed for outcome
(25 clusters with 459 residents)
Mean follow up 14.7
(SD 5.7) months

Analysed for outcome
(24 clusters with 483 residents)
Mean follow up 13.7
(SD 6.1) months

Flow of nursing home clusters and participants through trial
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Results
The figure shows the flow of study clusters and participants through the trial. Baseline characteristics of clusters and residents were similar between the study
groups (tables 1 and 2). Data on fractures are summarised in table 3. The relative risk of hip fractures was
0.57 and the absolute risk difference was − 3.5%, 95%
confidence interval − 7.3% to 0.3%, P=0.072; number
needed to treat=29 (number needed to treat to benefit
14 to ∞ to number needed to treat to be harmed 350).
Frequency of other fractures (table 3) and falls (table 4)
were not significantly different between groups. After
we adjusted for cluster randomisation hip protectors
were used on average by 15% of people who fell in the
control group compared with 68% in the intervention
group (40/274 v 158/237, P=0.0001) (table 4). There
were more hospital admissions related to falls in the
control group than in the intervention group
(P=0.015), whereas the difference in consultations was
not significant (P=0.27) (table 4).
In the intervention group there were four cases of
hip fracture with reported use of the hip protector.
However, we could not determine whether a hip
protector was being used at the time because of incomplete records or because staff or relatives refused to
allow further inquiries. The most common reason for
non-adherence in the intervention group was that residents declined to use the protector (249 of 394 unprotected falls).

Table 1 Baseline characteristics of nursing home clusters. Figures are means (SD)
unless stated otherwise
Characteristic

Intervention group (n=25)

Control group (n=24)

Ownership of homes (%):
State owned
Non-profit
Private
No of residents per home

6 (24)

4 (17)

14 (56)

16 (67)

5 (20)

4 (17)

137 (72)

116 (69)

82 (8)

84 (10)

Proportion of women

Proportion of residents according to degree of disablement:
None

12 (11)

10 (11)

Considerable

31 (9)

28 (10)

Severe

39 (11)

41 (12)

Most severe

16 (12)

19 (11)

Not available

2 (5)

1 (3)

3.4 (0.8)

3.3 (1.2)

Any

6 (24)

8 (33)

For 1 resident

4 (16)

3 (13)

For 2 or more residents

2 (8)

5 (21)

No of residents per caregiver
No (%) of homes using hip protectors:

Table 2 Baseline characteristics of nursing home residents. Values are numbers
(percentage) of residents unless stated otherwise
Characteristic

Intervention group
(n=459)

Control group
(n=483)

405 (88)

408 (84)

Women
Mean (SD) age (years)
Median (interquartile range) length of residence (months)

87 (6)

86 (7)

25 (9-52)

24 (9-51)

Degrees of disablement:
None

13 (3)

19 (4)

Considerable

173 (38)

161 (33)

Discussion

Severe

218 (47)

242 (50)

Most severe

44 (10)

58 (12)

We have shown that the use of hip protectors can be
substantially increased among residents in nursing
homes, resulting in a relative reduction of hip fractures
of more than 40% at borderline significance. The intervention comprised structured education of nursing
staff, encouragement of residents to use the protector,
and provision of hip protectors free of charge.
It is difficult to compare adherence to the use of hip
protectors across studies.6 17–22 There is no generally
accepted definition of adherence, and methods of
assessment differ. The most valid method would be to
observe the use of hip protectors during unscheduled
visits, but in a pilot study this turned out to be unfeasible.8 Often residents were not present or members of
staff were too busy to spend time answering questions.
Preselection of participants is a further source of variance in adherence. Kannus et al included only
residents who agreed to wear the protector.19 They
reported that in 74% of falls the hip protector had
been worn. In our study the programme was offered to
all eligible residents in those homes allocated to the

Not available

11 (2)

3 (1)

321 (70)

370 (77)

Urinary incontinence
Indwelling catheter

13 (3)

8 (2)

345 (75)

346 (72)

347 (76)

344 (71)

17 (4)

10 (2)

Any

158 (34)

133 (28)

1 fall

74 (16)

58 (12)

>2 falls

84 (18)

75 (16)

117 (25)

106 (22)

14 (3)

8 (2)

Any

52 (11)

48 (10)

Not available

16 (3)

12 (2)

Use walking aid
Falls during preceding 12 months:
Any
Not available
Falls during preceding 4 weeks:

History of hip fracture:
Any
Not available
Other fractures during preceding 12 months:

intervention group. This approach resulted in the use
of protectors during 54% of falls compared with 8% in
the control group (proportions adjusted for cluster
randomisation). Lauritzen et al found a compliance

Table 3 Fracture data
Intervention group
(n=459)*
No of hip fractures
No (%) of residents with hip fractures
No of other fractures
No (%) of residents with other fractures

11 JANUARY 2003

Relative risk

Absolute risk difference‡
(95% CI§)

P value§
(adjusted ÷2 test)

21

42

—

—

—

21 (4.6)

39 (8.1)

0.57

−3.5% (−7.3% to 0.3%)

0.072

39

38

—

—

—

35 (7.6)

32 (6.6)

1.15

1.0% (−4.0% to 6.0%)

0.695

*Mean follow up 15 months.
†Mean follow up 14 months.
‡Intervention minus control.
§Calculated according to methods of Donner and Klar,14
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Table 4 Falls, use of hip protectors, and medical attention related to falls during study period. Values are means (SD) unless stated
otherwise
Variables

Intervention group (25
clusters, 459 residents)

Control group (24
clusters, 483 residents)

Mean difference between
groups* (95% CI)†

P value† (Wilcoxon
rank sum test)

−0.06 (−0.16 to 0.05)

0.32

Fallers and falls‡
Residents with >1 fall

237

274

0.50 (0.20)

0.56 (0.16)

946

1409

Falls per resident

1.99 (1.53)

2.79 (2.07)

−0.80 (−1.85 to 0.24)

0.14

Falls per resident per month

0.17 (0.13)

0.22 (0.15)

−0.05 (−0.13 to 0.03)

0.23

158/459 (34%)

40/483 (8%)
0.27 (0.17 to 0.36)

<0.0001

0.53 (0.38 to 0.67)

<0.0001

0.46 (0.34 to 0.59)

<0.0001

Proportion of fallers
No of falls

Use of hip protectors
Residents who used hip protector
Proportion of residents who used hip protector
Fallers who used hip protector
Proportion of fallers who used hip protector
Falls in which hip protector was used
Proportion of falls in which hip protector was used

0.35 (0.21)

0.08 (0.12)

158/237 (67%)

40/274 (15%)

0.68 (0.26)

0.15 (0.25)

552/946 (58%)

160/1409 (11%)

0.54 (0.25)

0.08 (0.15)

Medical attention related to falls
Residents with >1 hospital admission

96

135

No of admissions

121

211

Admissions per resident

0.26 (0.16)

0.46 (0.33)

−0.20 (−0.35 to −0.05)

0.015

Admissions per faller

0.58 (0.37)

0.81 (0.54)

−0.23 (−0.50 to 0.04)

0.12

93

119

Residents with >1 consultation with physician
No of consultations

117

234

Consultations per resident

0.25 (0.16)

0.47 (0.55)

−0.22 (−0.45 to 0.01)

0.27

Consultations per faller

0.51 (0.25)

0.81 (0.96)

−0.30 (−0.70 to 0.10)

0.61

*Intervention minus control.
†Confidence intervals and P values calculated on basis of data summarised at cluster level.
‡Fall data of one control cluster with 15 residents not available.

rate of 24% associated with a 56% reduction in hip
fractures.6 This finding was explained by a preferential
use of the protector by residents at the highest risk and
with the highest possible benefit. Thus, an increase in
compliance may not necessarily relate to an equivalent
decrease in fractures. On the other hand, it is likely that
even the limited use of hip protectors in the control
group of the present study was effective in preventing
hip fractures. In other studies people in control groups
did not use hip protectors.6 17–21 Thus, the relative risk
reduction in hip fractures might have been more pronounced in our study if hip protectors had been
unavailable in the control group.
The apparent benefit of a lower rate of hospital
admissions related to falls in the intervention group
should not be overinterpreted, as there was a trend of
fewer falls in the intervention group that remains open
to various explanations.
The present study has several strengths. To avoid
violation of randomisation and selection bias we did
not exclude participants who declined to use the hip
protector. In contrast, Kannus et al excluded 31% of
participants who were assigned to the hip protector
group but who declined to participate after randomisation, and people who dropped out were replaced
from a “waiting list.”19 In contrast with former
studies6 17 20 21 we used properly concealed allocation.
Cluster randomisation was essential because the intervention programme relied on changes to nursing techniques. We also recruited a large number of clusters
and performed statistical analyses taking cluster
randomisation into account.
In conclusion, we have shown that a structured
education programme and provision of free hip
protectors can increase use. Long term implementation of the intervention requires the provision of hip
protectors on prescription for elderly people at high
risk of hip fracture.
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What is already known on this topic
Nursing home residents are at particularly high
risk of fracturing a hip
Hip protectors can effectively prevent hip fractures
Adherence to the use of hip protectors is poor

What this study adds
The use of hip protectors in nursing homes can be
substantially increased by a single session
education targeted at nursing staff and residents
and provision of free hip protectors
Increasing the use of hip protectors resulted in a
relative reduction of hip fractures of about 40%
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