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Aims: This study was undertaken to estimate the effect of hip protectors on the incidence of hip fracture when introduced
into nursing homes as a regular part of the healthcare for all residents. Methods: A pre-test/test design was used. The pre-
intervention period lasted 18 months from May 1996. The intervention period lasted 18 months from May 1998. During the
intervention period all residents (965 beds) in nursing homes in two municipalities in Norway were offered free use of hip
protectors. The project manager provided motivational activities in the nursing homes during the whole period, aimed at
increasing the participation rate. Results: The intervention period showed a 39% reduction in the hip fracture incidence when
compared with the pre-intervention period (p~0.003). The percentage of daily users of the protector varied from 35%
during the first months to 22% at the end of the period. Among the 61 persons who suffered a hip fracture 31 were registered
as daily users. Fourteen of the 31 users were not wearing the protector when the hip fracture occurred, while five of the 31
had the protector on their knees. Twelve of the 31 suffered a hip fracture while properly wearing the protector. Conclusions:
This non-randomized study showed that hip protectors introduced to all residents in nursing homes considerably reduced
the incidence of hip fracture. It may be possible to achieve higher compliance and a further reduction in the incidence of hip
fractures if the producers of hip protectors increase the comfort of the protector without reducing its effect. In addition, it is
important that health workers encourage more individuals at high risk to use the protector.
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INTRODUCTION

Norway has one of the highest incidences of hip

fracture in the world (1, 2), and the incidence has

increased during recent decades (3 – 5). Several prog-

noses estimate that the number of hip fractures will

increase significantly during the next 25 years if

preventive measures are not improved (6 – 8).

About 10 years ago two different studies showed

that external hip protectors could reduce the number

of hip fractures by approximately 50% in randomized

controlled trials in high-risk groups of elderly persons

(9, 10). More recently, a Cochrane systematic review

concluded that hip protectors appeared to reduce the

risk of hip fracture within a selected population at

high risk of sustaining hip fractures (11). However, in

randomized controlled trials the hip protector is tested

under special study conditions, often with low external

validity.
The aim of the present study was to estimate the

effect of hip protectors on the incidence of hip

fracture when offered as a regular part of the

healthcare for all the residents in nursing homes.

MATERIALS AND METHODS

The external hip protectors used in this study

(SafeHip1) divert a direct impact away from the
greater trochanter during falls from standing heights.

At impact the protector transmits released energy

to the soft tissue and muscles anterior and posterior

to the femoral bone. The outer shield is made of

stiff polypropylene and the inner part is made of
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soft plastozote. The protector is fixed in special
underwear (12).

These external hip protectors were introduced in

1998 into all nursing homes in two municipalities

outside the capital of Oslo (13). The healthcare

authorities offered hip protectors free of charge to

all residents in 17 nursing homes including a total of

965 beds (mean age of residents 82 years, 69% women

(13)). The Norwegian Institute of Public Health was
asked to perform an external and independent

evaluation of this health service initiative.

Implementation of hip protectors

Although hip protectors were offered free of charge,

only a few of the nursing homes registered an interest

in participating in the programme. A chief council

nurse who was a member of the project’s administra-

tion and well known among the nursing home

managers contacted the manager at each nursing

home and requested his/her participation. During the

first months of 1998 the employees at the nursing
homes received instruction concerning the use of hip

protectors (13). First, the project manager gave a one-

hour lesson to employees from the nursing homes.

The topics included fracture and fall prevention in

general and the use of hip protectors. Second, the

manager visited each nursing home and gave one to

four hours of additional instruction. By 1 May 1998

all 17 nursing homes were involved in the project.
During the intervention period the project manager

provided motivational activities in the nursing homes

aimed at encouraging and supporting participation

in the project. The manager had a contact person

among the employees in each nursing home. The

contact persons received a small fee for their project

activities, which were performed in addition to their

daily duties. All the nursing home employees were
instructed to encourage the residents at high risk of

sustaining a hip fracture to use the hip protector. The

employees regularly completed questionnaires con-

cerning the use of hip protectors and regarding falls

among the residents. The intervention period ended

on 31 October 1999, although many nursing homes

continued project activities as they still had hip

protectors. All residents who suffered a hip fracture
in the nursing homes included in this study were sent

to Bærum Hospital.

Study design and data

To evaluate this intervention project in Asker and

Bærum we decided to conduct a pre-test/test design

because we were not able to find comparable data

from any control municipality. The incidence of hip

fracture in the nursing homes during the intervention

period was compared with the incidence of hip
fracture before the project started. Therefore, we

registered hip fractures during two 18-month periods

in the 17 nursing homes. The two periods had to be

comparable with regard to season and number of

months. The pre-intervention period started on 1 May

1996 and ended on 31 October 1997. The interven-

tion period started on 1 May 1998 and ended on

31 October 1999. Several sources of information were
used. In the hospital patient register (HPR) at Bærum

Hospital all the patients with hip fractures during the

pre-intervention period and the intervention period

were selected (ICD-9 code 820 and after 1 January

1999 ICD-10 codes S72.0 and S72.1, fractura

colli femoris/fractura pertrochanterica). The patient

records of the participants were studied to find hip

fractures that had occurred in the 17 nursing homes
during the actual periods. Next, the surgery protocols

were investigated to see if there were patients with hip

fracture surgery that were not registered in the HPR.

These fractures were also verified later in the patient

records. In addition, the project manager registered

hip fractures manually, but only during the interven-

tion period. The project manager had continuous

contact with all the nursing homes and the hospital
during the whole intervention period. This register

includes information about the use of the hip

protectors among the hip fracture patients. The

project manager found five additional patients with

new hip fractures as compared with the HPR and

surgery protocols. On the other hand, the HPR and

surgery protocols included four additional patients

who were not identified through the manual investiga-
tion. Thus, there was one more hip fracture reported

in the manual register than in the HPR. In our main

analysis we have used information from the HPR

since this source of information registered hip

fractures during the pre-intervention and intervention

periods in the same manner. We have, however, used

the manual register when dealing with use of hip

protectors, since this is the only register that includes
information on adherence.

The two 18-month periods were comparable in

respect of the number of beds in the nursing homes

since the intervention period had only six more bed

months than the pre-intervention period.

The Data Inspectorate of Norway and the

Norwegian Board of Health approved the study,

and the proposal was presented to the Regional
Committee for Medical Research Ethics.

Statistical methods

We have based our analyses on the concept ‘‘occur-

rence/exposure rate’’ but we could not follow the
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residents from the day they entered the nursing homes
until the day they eventually left the homes. Instead of

computing ‘‘person time’’ for exposure we introduced

the concept ‘‘bed month’’. In this way we were able to

compute the rate ‘‘number of hip fractures per

number of bed months’’. However, in comparing

the intervention period and the pre-intervention

period we primarily used the numerator ‘‘number of

hip fractures’’ since the denominator ‘‘number of bed
months’’ was nearly constant in the two periods of

time.

Hip fractures during the two 18-month periods were

first regarded as events in two Poisson processes. The

numbers of hip fractures in the first period and in the

second period were assumed to follow Poisson

distributions with means m1 and m2, respectively.

The null hypothesis, H0: m1~m2, was tested (14) and
95% approximate confidence intervals (95% CI) for

the ratio m1/m2 was reported (15, 16). In addition, we

performed three different pair tests on the 18 pairs

with corresponding months during the two 18-month

periods. The three tests were Student’s paired t-test,

the Wilcoxon signed ranks procedure and the

permutation test. A trend analysis for the differences

in hip fracture incidence over the two 18-month
periods by means of regression analysis was also

performed.

RESULTS

According to the HPR, 60 hip fractures had occurred

in the 17 nursing homes during the 18 month

intervention period (Table I). The corresponding

number for the 18-month pre-intervention period
was 98. Thus, there was an absolute reduction from

98 to 60 (39%) in the number of hip fractures during

the intervention period compared with the pre-

intervention period. The residents in the nursing

homes had a relative risk of 0.6 (95% CI¡0.4 – 0.9)

of sustaining a hip fracture during the intervention

period compared with the pre-intervention period. On

average there were two more hip fractures per month
during the pre-intervention period compared with the

intervention period. Student’s t-test, the Wilcoxon test

and permutation test all yielded pv0.02 for this

difference.

A trend analysis for the difference in the incidence

of hip fractures over the two 18-month periods

showed no trend. The regression coefficient was

near zero (b~x0.019 fracture difference per month,
p~0.904).

The percentage of daily users of the hip protector

among the residents varied from 35% during the first

months of the intervention period to 22% at the end

of the period with an average of about 29%. About

40% of the users used the hip protector continually.

The 29% are calculated in respect of all the residents

in the nursing homes. Among those who suffered a

hip fracture during the intervention period, the

general use of the protector was higher than this

average, namely 51% (31 of 61 from the manual
register of hip fracture). Among the 31 users, 14 users

were not wearing the protector when they fell and

broke their hip, while five of the 31 were wearing the

protector on their knees while getting dressed. Twelve

of the residents suffered a hip fracture while wearing

the protector.

During the pre-intervention period the municipa-

lities had 98*12/(965*18)~0.068 hip fractures per bed
per year in their nursing homes. The corresponding

number during the intervention period was 0.041.

DISCUSSION

This study is, to our knowledge, the first large-scale

intervention implementing hip protectors as part of

the healthcare in all nursing homes in a municipality.

The use of hip protectors showed a 39% reduction in
the incidence of hip fracture during the intervention

period compared with the pre-intervention period.

However, we cannot rule out the possibility that the

results have been influenced by confounding factors.

For example, the focus on falling and the associated

Table I. Number of hip fractures during the 18-month pre-
intervention period and during the 18-month intervention
period in 17 nursing homes in two municipalities in Norway

Pre-intervention
period
1.05.96 – 31.10.97

Intervention
period
1.05.98 – 31.10.99

1996 1997 1998 1999

January 6 4
February 10 3
March 5 3
April 4 4
May 4 6 3 0
June 9 2 2 5
July 4 5 8 4
August 9 6 3 2
September 6 4 2 2
October 4 6 1 5
November 4 5
December 4 4

Total for the
18-month periods

98 60

Average no. of
cases per month

5.4 3.3

Note: The nursing homes had six more bed months during
the intervention period than they had had during the pre-
intervention period.
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risk of hip fracture during the intervention period may
have had a preventive impact. Most of the fracture

cases did not use the hip protector when the fracture

occurred, but this group of residents had a higher

percentage of users of the protector in general than

the average. This was expected because the residents

at high risk of hip fracture were especially encouraged

to use the hip protector. Unfortunately, 45% of the

hip fracture patients who were daily users did not use
the protector when they fell and broke their hip.

Many elderly people find the protector uncomfortable

when resting and cumbersome when dressing and

undressing (11, 17). This is probably one reason why

the users did not wear the hip protector continually.

Another problem arises when a hip fracture occurs

among residents wearing a hip protector. As a result,

it becomes difficult to motivate other residents to use
a hip protector. The hip protector can only reduce the

risk of hip fracture in falls to the side. Although 76%

of the hip fracture patients in a Finnish study (18)

reported that they had fallen directly to one side, it is

important to realize that the hip protector cannot give

100% protection (19). When a person falls backwards

or is osteoporotic to the degree that it is possible to

break the hip simply by walking, the hip protector will
not provide very effective protection against hip

fractures (18). Twelve of the residents in our study

suffered a hip fracture while properly wearing the

protector. After each of these occurrences some of the

employees had difficulty motivating residents to wear

the protector. Studies published before our study

started had not reported cases with hip fracture while

wearing hip protectors, but none of these studies was
as large as our study (9, 10). In a more recent study,

however, there were four hip fractures among

individuals wearing hip protectors (19).

Special efforts and additional resources may

increase the incidence reduction beyond 39%. The

attainable incidence reduction will depend on (a) the

preventive effect of the hip protector in a given fall,

(b) the percentage of continual users and (c) to which
degree all those at risk are among the continual users.

We might have reached our highest attainable limit if

all such individuals in the nursing homes included in

this study had been among the continual users. Thus,

it is important to improve the selection process and

encourage individuals at high risk to use the protector.

Results suggest that the study of Harada et al. has

succeeded (20). With 70% day and night use they
achieved 85% reduction of hip fractures in the

intervention group compared with the control group

(1.2% hip fractures per year compared with 9.7,

respectively).

The present study was primarily a healthcare

initiative and did not have a randomized controlled

trial (RCT) design. Our healthcare authorities wanted
to implement the hip protector based on previous

results (9, 10) in nursing homes to see if it was possible

to reduce the number of hip fracture in a setting

without the ideal circumstances as found in a RCT. In

spite of the sub-optimal pre-test/test design, we were

able to perform the evaluation of this healthcare

initiative in that we managed to register hip fractures

in a pre-intervention period. Unfortunately, we were
not able to find comparable figures for hip fractures

among those living in corresponding institutions in a

control municipality. We know, however, that there

was no reduction in the rate of hip fracture in

the neighbouring city of Oslo from 1988 – 89 to

1998 – 99 (5).

How convincing the result of our study is depends,

among other things, on the quality of hip fracture
registration. None of our information sources pro-

vided 100% registration. In the HPR at Bærum

Hospital we found hip fractures not included in the

Hospital Surgery Protocols and vice versa. By

combining these sources with the patient records we

still missed about 8% of the fractures that were

registered manually by the project manager during the

intervention period. In the comparison of the hip
fractures in the pre-intervention period and the

intervention period we were careful to use hip

fractures registered precisely in the same way using

the HPR. We assume that the misclassifications were

approximately the same in the two periods. If we

compute a worst-case scenario and add 8% hip

fractures to the intervention period and remove 8%

hip fractures from the pre-intervention period we still
get a significant result (p~0.05) with a 28% rather

than 39% reduction in the number of hip fractures.

The number of ‘‘bed months’’ in the actual

institutions had been nearly constant during the two

periods of time and could not explain the 39%

reduction in number of hip fractures. We were not

able to control for age, sex and health among the

residents, but have no reason to believe that the
residents were younger and healthier in the last

period.

The compliance of the hip protector decreased

during the intervention period from around 35% to

around 22%, but our trend analysis showed almost no

decrease in the monthly difference in the number of

hip fractures over the two 18-month periods. It is

possible that the employees were more effective in
persuading the high-risk individuals to use the

protector towards the end of the intervention

period. The registration of falls may have increased

their attentiveness towards the fallers.

The use of the hip protector may not be as effective

when implemented in routine practice (21, 22) as
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compared with use in tightly controlled trials run by
highly trained staff working under ideal conditions.

However, the implementation of hip protectors in all

nursing homes in two municipalities of Norway

showed a significant reduction in the incidence of

hip fracture nearly as great that documented in

randomized controlled trials (11).

Today there is considerable evidence indicating the

ability of the hip protector to reduce the risk of hip
fracture in high-risk groups (11). It is thus important

to increase the use of hip protectors among persons at

high risk. Another argument for increasing the use of

hip protectors is that the device improves self-efficacy

in respect of falls (23). As users of hip protectors feel

more confident they can complete tasks safely and

thus may become more physically active and require

less assistance with daily activities.
The employees in the nursing homes included in this

study succeeded in encouraging residents at high risk

to use hip protectors. Approximately 51% of the hip

fracture patients were daily users. Unfortunately,

it was difficult to achieve usage 24 hours a day.

Improved hip protectors that are more acceptable are

needed to increase adherence in nursing homes. Any

new hip protector needs to be investigated using well-
conducted randomized trials that are also designed as

bio-equivalence studies. Such a design will require a

very large number of participants. It is no longer

ethical to have a control group in which participants

do not receive hip protectors. The control group will

receive hip protectors proved to be effective against

hip fracture, while the intervention group will receive

hip protectors proved to be effective in mechanical
tests before use in clinical trials. It is a challenge for

the producers of hip protectors to increase the

protector’s comfort without reducing the protection

provided.

ACKNOWLEDGEMENTS

The authors would like to thank Asker and Bærum
municipality, Akershus County Administration and

Bærum Hospital for financing the project.

REFERENCES

1. Johnell O, Gullberg B, Allander E, Kanis JA. The
apparent incidence of hip fracture in Europe: a study of
national register sources. MEDOS Study Group.
Osteoporos Int 1992; 2(6): 298 – 302.

2. Meyer HE, Falch JA, O’Neill T, Tverdal A, Varlow J.
Height and body mass index in Oslo, Norway,
compared to other regions of Europe: do they explain
differences in the incidence of hip fracture? European

Vertebral Osteoporosis Study Group. Bone 1995; 17(4):
347 – 50.

3. Falch JA, Kaastad TS, Bohler G, Espeland J,
Sundsvold OJ. Secular increase and geographical
differences in hip fracture incidence in Norway. Bone
1993; 14(4): 643 – 5.

4. Finsen V, Benum P. Changing incidence of hip fractures
in rural and urban areas of central Norway. Clin
Orthop 1987(218): 104 – 10.

5. Lofthus CM, Osnes EK, Falch J, Kaastad TS,
Kristiansen IS, Nordsletten L, et al. Epidemiology of
hip fractures in Oslo, Norway. Bone 2001; 29: 413 – 8.

6. Gullberg B, Johnell O, Kanis JA. World-wide projec-
tions for hip fracture. Osteoporos Int 1997; 7(5):
407 – 13.

7. Kanis JA. The incidence of hip fracture in Europe.
Osteoporos Int 1993; 3(Suppl. 1): 10 – 15.

8. Kannus P, Niemi S, Parkkari J, Palvanen M, Vuori I,
Jarvinen M. Hip fractures in Finland between 1970 and
1997 and predictions for the future [see comments].
Lancet 1999; 353(9155): 802 – 5.

9. Ekman A, Mallmin H, Michaelsson K, Ljunghall S.
External hip protectors to prevent osteoporotic hip
fractures [letter; comment]. Lancet 1997; 350(9077):
563 – 4.

10. Lauritzen JB, Petersen MM, Lund B. Effect of external
hip protectors on hip fractures [see comments]. Lancet
1993; 341(8836): 11 – 13.

11. Parker MJ, Gillespie LD, Gillespie WJ. Hip protectors
for preventing hip fractures in the elderly (Cochrane
Review). Cochrane Database Syst Rev 2002(2):
CD001255.

12. Lauritzen JB, Lund B. Impacts in patients with hip
fractures and in vitro study of the padding effect:
introduction of a hip protector. Acta Orthop Scand
1990; 61(Suppl. 239).

13. Sandvig S, Forsén L. Forebygging av lårhalsbrudd ved
bruk av hoftebeskytter. Et helsetjenestetiltak (Preven-
tion of hip fractures by hip protectors. A health service
initiative) [in Norwegian only] 2000: ISBN 82-91036-40-
3.

14. Oldham PD. Measurement in medicine: the interpreta-
tion of numerical data. Philadelphia: Lippincott, 1968.

15. Ederer F, Mantel N. Confidence limits on the ratio of
two Poisson variables. Am J Epidemiol 1974; 100(3):
165 – 7.

16. Armitage P, Berry G. Statistical methods in medical
research, 3rd ed. Oxford: Blackwell Scientific Publica-
tions, 1994.

17. Becker C, Walter-Jung B, Nikolaus T. The other side of
hip protectors (Letters to the editor). Age Ageing 2000;
29: 186.

18. Parkkari J, Kannus P, Palvanen M, Natri A, Vainio J,
Aho H, et al. Majority of hip fractures occur as a result
of a fall and impact on the greater trochanter of the
femur: a prospective controlled hip fracture study with
206 consecutive patients. Calcif Tissue Int 1999; 65(3):
183 – 7.

19. Kannus P, Parkkari J, Niemi S, Pasanen M, Palvanen
M, Jarvinen M, et al. Prevention of hip fracture in
elderly people with use of a hip protector. [see
comments]. N Engl J Med 2000; 343(21): 1506 – 13.

20. Harada A, Mizuno M, Takemura M, Tokuda H,
Okuizumi H, Niino N. Hip fracture prevention trial
using hip protectors in Japanese nursing homes.
Osteoporos Int 2001; 12(3): 215 – 21.

Prevention of hip fracture by external hip protectors 265

Scand J Public Health 31



21. Campbell AJ. Purity, pragmatism and hip protector
pads (Editorial). Age Ageing 2001; 30: 431 – 2.

22. Torgerson D, Birks Y. Purity, pragmatism and hip
protector pads (Letters to the editor). Age Ageing 2002;
31: 319 – 25.

23. Cameron ID, Stafford B, Cumming RG, Birks C,
Kurrle SE, Lockwood K, et al. Hip protectors improve
falls self-efficacy. Age Ageing 2000; 29(1): 57 – 62.

Accepted 02 10 07

266 L. Forsén et al.

Scand J Public Health 31


