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N THE UNITED STATES, NEARLY

340000 hip fractures occur per

year,! more than 90% of which are

associated with falls,>* and the num-
ber of hip fractures may double or triple
by the middle of this century.* The high-
est incidence rates of hip fractures have
been reported in nursing home resi-
dents’” where 50% of residents fall each
year.%?

Factors contributing to hip fracture
in the nursing home population differ
from those in community-dwelling se-
niors. After 70 years of age, falls and
other indicators of frailty become the
dominant determinant of hip frac-
ture.'® Postural instability may be one
of the most important risk factors, based
on the finding that falls to the side in-
crease the risk of hip fractures 3- to
5-fold""? due to their impact forces. Re-
ducing the impact of falls onto the hip
with the use of hip protectors may be
an effective strategy for preventing
fractures, particularly in nursing home
residents.

For editorial comment see p 454.
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Context Past studies of the efficacy of hip protectors to prevent hip fracture in nurs-
ing home residents have had conflicting results, possibly due to potential biases from
clustered randomization designs and modest adherence to intervention.

Objective To determine whether an energy-absorbing and energy-dispersing hip
protector would reduce the risk of hip fracture when worn by nursing home residents.

Design, Setting, and Participants Multicenter, randomized controlled clinical trial
in which 37 nursing homes were randomly assigned to having residents wear a 1-sided
hip protector on the left or right hip. Participants were 1042 nursing home residents
(mean [SD] aged 85 [7] years; 79% women) who consented and adhered to the hip
protector use during a 2-week run-in period and were enrolled. Participating facilities
were in greater Boston, Massachusetts, St Louis, Missouri, and Baltimore, Maryland
from October 2002 to October 2004. Mean duration of participation for nursing home
residents was 7.8 months. None were withdrawn because of adverse effects.

Intervention(s) Undergarments with a 1-sided hip protector made of a 0.32-cm outer
layer of polyethylene (2.7 kg/m?) backed by a hard high-density polyethylene shield (0.95
cm) that was backed by 0.9 kg/m? of 1.27-kg ethylene vinyl acetate foam. Each facility
was visited 3 times per week to assess adherence and provide staff support.

Main Outcome Measure Adjudicated hip fracture occurrences on padded vs un-
padded hips.

Results After a 20-month follow-up (676 person-years of observation), the study
was terminated due to a lack of efficacy. The incidence rate of hip fracture on pro-
tected vs unprotected hips did not differ (3.1%; 95% confidence interval [CI], 1.8%-
4.4% vs 2.5%; 95% Cl, 1.3%-3.7%; P=.70). For the 334 nursing home residents
with greater than 80% adherence to hip protector use, the incidence rate of hip frac-
ture on protected vs unprotected hips did not differ (5.3%; 95% Cl, 2.6%-8.8% vs
3.5%;95% Cl, 1.3%-5.7%; P=.42). Overall adherence was 73.8%.

Conclusions In this clinical trial of an energy-absorbing/shunting hip protector con-
ducted in US nursing homes, we were unable to detect a protective effect on the risk
of hip fracture, despite good adherence to protocol. These results add to the increas-
ing body of evidence that hip protectors, as currently designed, are not effective for
preventing hip fracture among nursing home residents.

Trial Registration clinicaltrials.gov Identifier: NCT00058864
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HIP PROTECTOR TO PREVENT HIP FRACTURE IN NURSING HOME RESIDENTS

Hip protectors have been designed
to either divert the energy of a fall (hard-
shell type) or to absorb the energy of a
fall (foam type). If effective, the use of
hip protectors would have immediate
effects on fracture rates, in contrast to
osteoporosis medications, which rely on
a gradual increase in bone mineral den-
sity and a change in the rate of bone
turnover. In addition, the efficacy, ex-
pense, and adverse effects of these medi-
cations have not been examined in
nursing homes.

Results from efficacy trials of exter-
nal hip protectors conducted outside
the United States have been conflict-
ing. Recent meta-analyses concluded
that the effectiveness of hip protectors
in an institutional setting was uncer-
tain.”>!* The pooled data from cluster
randomized trials in which nursing
home units were randomized to use hip
protectors or not, showed evidence of
astatistically significant reduction in in-
cidence of hip fractures in the groups
allocated to hip protectors (relative risk,
0.77; 95% confidence interval [CI],
0.62-0.97), whereas the significant re-
duction in hip fracture was not appar-
ent on pooling only the studies in which
individuals were randomized (relative
risk, 0.86; 95% CI, 0.54-1.34).** Clus-
ter randomization may introduce meth-
odological bias. The nursing home or
unit designated for intervention may
differ from the control facility or unit
with respect to hip fracture rates, aware-
ness of falls, and aggressiveness of fall-
prevention programs."

In addition to differences in effi-
cacy trial study design, the mechani-
cal characteristics of hip protectors used
in previous trials may have contrib-
uted to conflicting results. In many
nursing home residents, the greater tro-
chanteric prominence projects above
the plane of the hip as a result of muscle
atrophy. The use of a hard-shell energy-
shunting type of hip protector with-
out sufficient convexity may result in
the protector coming in contact with the
trochanteric prominence because of a
lack of a surrounding soft-tissue base.
As a result, the impact force of a fall
would be transmitted directly to the
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proximal femur instead of being
shunted to the surrounding soft tis-
sue. It is not clear that biomechanical
testing of hard-shell hip protectors has
adequately accounted for the role of the
soft tissue surrounding the hip.'**® Fi-
nally, adherence with required hip pro-
tector use was not well monitored and
was relatively low in most previously
reported trials.'**

Because of the continued contro-
versy surrounding randomization
approaches and the efficacy of hard-
shell external hip protectors, we per-
formed a randomized controlled clini-
cal trial of an energy-absorbing/
shunting hip protector using a unique
study design. The Hip Impact Protec-
tion PROject (HIP PRO) was designed
to test the efficacy of a biomechani-
cally tested energy-absorbing/shunting
hip protector?! in reducing hip frac-
ture incidence among nursing home
residents. The hip protector was
selected based on its performance in a
pilot study and biomechanical testing
that demonstrated superior capacity to
reduce peak impact force in simulated
drop-weight experiments.?' Nursing
home residents wore a hip protector
on 1 hip only so that each participant
served as his or her own control. This
design was based on data showing that
right and left hip fractures occur with
equal frequency? and it eliminated the
biases inherent in cluster randomiza-
tion and in nonuse of blinding of
treatment between individual partici-
pants. This study also was designed to
better ascertain adherence with hip
protector use by incorporating 3
weekly unannounced visits to all par-
ticipants.

METHODS

Nursing Home Recruitment,
Randomization, and Staff Training
HIP PRO was conducted at 3 clinical
centers and a data coordinating center
(Hebrew Rehabilitation Center, Bos-
ton, Massachusetts, University of Mary-
land, Baltimore, and Washington
University, St Louis, Missouri; and
Maryland Medical Research Institute,
Baltimore). It was approved by the in-

stitutional review boards at the partici-
pating sites and data collection and resi-
dent safety were monitored at 6-month
intervals by an independent data and
safety monitoring board. There were no
prespecified formal guidelines for rec-
ommending modification or termina-
tion of the trial.

Research staff at each clinical center
recruited nursing homes giving consid-
eration to the following criteria: (1) geo-
graphic proximity to the clinical cen-
ter; (2) number of licensed beds (ie, 100
or greater); (3) evidence from discus-
sions with nursing home administra-
tion and staff that they would
support and adhere to the HIP PRO
research protocol; (4) past research par-
ticipation; (5) low usage rate of agency
temporary personnel; (6) established
reputation in the community; and
(7) areview of quality indicators avail-
able at http://www.medicare.gov
/nhcompare. Beginning in October 2002,
the clinical center teams began enroll-
ing nursing homes into the study and
obtaining Federalwide Assurance (Of-
fice for Human Research Protections,
US Department of Health and Human
Services) for each facility. A total of 37
nursing homes were recruited and each
was randomly assigned as a left- or
right-padded facility. Given the flow of
garments through facilities, left or right
assignment helped staff accurately track
and support resident adherence with-
out also having to recall the side to be
protected. When a facility was ready to
be randomized, a call to the coordinat-
ing center was made. Designation for
newly enrolled facilities as left- or right-
padded was based on the number of li-
censed beds in the nursing home and
the number of previously enrolled fa-
cilities that were left- vs right-sided. In
each participating nursing home, all
residents wore the external hip protec-
tor on the same side. To keep the num-
ber of residents balanced between right
and left hip protection across all nurs-
ing homes, a dynamic allocation proce-
dure was adopted. This method en-
abled the sequential recruitment of
nursing homes. Using Monte Carlo
simulations, we determined that the
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randomization procedure would
achieve a balance within 5% of a 50-50
split more than 70% of the time.?®

Before enrolling residents, the clini-
cal centers delivered in-service training
sessions to nursing home staff across all
3 shifts. During these sessions, nursing
home staff was instructed as to
how the hip pads should be worn and
how the pads and garments should be
laundered. A strong emphasis was placed
on the importance of proper hip pad use
24 hours per day. Staff was told that our
research team would visit residents 3
times each week to help with any prob-
lems that arose during the study.

Recruitment of Residents

Sample size calculations indicated that
if the rate of hip fracture in protected
hips was 50% lower than the expected
rate of fracture in unprotected hips (2.3
hip fractures/100 hip-years of follow-
up,”) and if resident adherence was only
50%, 546 individuals would be needed
to generate 1632 hip-years of observa-
tion over the 3-year follow-up period.
This sample size would provide 90%
power to detect a 50% reduction in frac-
ture rates in the protected hip.

Due to the expected high rate of
resident withdrawal from the study
(ie, from death, transfer, loss of mobil-
ity), residents who withdrew were
replaced to maintain a reasonably con-
stant census of active residents. Resi-
dents who became ineligible during
participation (eg, became totally bed
bound) were also withdrawn from the
study. Thus, within a participating
nursing home, resident enrollment
was a 2-stage process. Beginning in
October 2002, when the first nursing
home was enrolled, screening of all
facility residents was followed by
enrollment of eligible consenting resi-
dents. After this initial facility-wide
screening, periodic screening of all
newly admitted residents was carried
out through the end of the study in
October 2004.

Screening to determine resident eli-
gibility was a 3-tiered process con-
ducted by trained research assistants,
and involved chart review, nursing

©2007 American Medical Association. All rights reserved.
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home staff interviews, and a brief physi-
cal examination. The physical exami-
nation was not conducted until in-
formed consent was obtained. In each
enrolled nursing home, research staft
initially identified all residents who met
the following inclusion criteria: (1)
long-stay resident (not in Medicare-
type rehabilitation); (2) evidence of an
attempt to get out of their chair or bed
or to walk without human assistance in
the past 4 weeks; (3) older than 65 years
of age; (4) absence of a terminal ill-
ness expected to result in death in less
than 6 months or a severe illness re-
sulting in the resident being bed bound,
(5) absence of a history of bilateral hip
fractures or hip replacement surgery;
(6) absence of a contagious disease ne-
cessitating isolation procedures; (7) ab-
sence of pressure ulcers, blisters, or skin
tears over bony prominences that would
be covered by the hip protector gar-
ment; (8) hip circumference of 122 cm
or less; (9) absence of a nursing home
staff recommendation not to enroll a
resident because of behavior pertain-
ing to adherence to the protocol (eg, not
willing to wear undergarments).
Competency of eligible residents to
provide informed consent was ascer-
tained from nursing home staff. Writ-
ten consent was obtained directly from
residents who were considered compe-
tent. For residents considered to be in-
competent, the designated responsible
party was contacted by letter, tele-
phone, and/or in person to obtain con-
sent. All consenting residents who were
capable of responding were adminis-
tered a global measure of cognitive func-
tion (the Short Blessed Test [SBT]**). For
those residents considered competent by
the nursing home staff who scored 12 or
greater on the SBT, informed consent was
also obtained from the designated re-
sponsible party (a score greater than 12
corresponds with a Mini Mental Status
Examination® score of 19, alevel of cog-
nitive impairment that most would agree
would suggest the need for consent from
a responsible party). For those resi-
dents considered incompetent by the
nursing home staff, but who scored less
than 12 on the SBT, informed consent

was obtained from the resident as well.
After consent was obtained, residents’
hips were measured and examined for
signs or symptoms of past or present hip
fracture/replacement. A brief skin ex-
amination was also done to look for skin
breakdown in the area covered by the hip
pad garment.

All consenting residents partici-
pated in a 2-week run-in trial to ex-
clude individuals with poor adher-
ence. During this run-in period, research
staff made 6 or more unannounced vis-
its to check for adherence. If a resident
was found not wearing the hip protec-
tor correctly at more than a third of the
random visits by the research staff dur-
ing the run-in period, the resident was
withdrawn from the study. However, if
the reason for nonadherence was be-
cause of nursing home staff actions or
garment/hip protector problems, an ad-
ditional 2-week adherence run-in pe-
riod was permitted after this problem
was corrected. The trial adherence pe-
riod also provided a means of evaluat-
ing cognitively impaired residents’ will-
ingness to wear the pads and garments

“assent”).

Baseline Assessment

The baseline assessment for all resi-
dents consisted of the administration
of the SBT and a review of select Mini-
mum Data Set items. Race/ethnicity was
recorded from the nursing home rec-
ord. Cognitively intact residents com-
pleted a brief interview about atti-
tudes related to falling, body image, and
the use of hip protectors. We were par-
ticularly interested in whether wear-
ing hip protectors might reduce the fear
of falling. Residents were asked about
their fear of falling at baseline using a
brief, validated, 8-item self-report mea-
sure® that generated an overall score
ranging from 1 (least fear) to 5. The as-
sessment was repeated every 6 months.
The SBT was not readministered for
residents who scored 17 or more at
baseline.

Hip Protector and Garment

The hip protector was made of a
0.32-cm outer layer of 2.7-kg/m? poly-
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Figure 1. Right-sided Hip Protector in Standard Pull-up Underwear
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ethylene vinyl acetate foam, backed by
a hard high-density polyethylene shield,
which in turn was backed by a 0.95-cm
layer of 0.9-kg/m’ polyethylene vinyl ac-
etate foam. The pad dimensions were
11.43 cm X'16.51 cm X 1.91 cm. Gar-
ments with pad pockets on 1 side were
available in sizes ranging from small to
triple-extra large. Garments were made
of a lycra/cotton blend that was du-
rable in multiple commercial laundry
washings. Several garment types were
available including a standard pull-up
underwear (FIGURE 1), a garment with
a baffled pocket inside for cognitively
impaired residents who might at-
tempt to remove the pad, a style with
snaps to afford easy access to chang-
ing of incontinence products, a fly front,
and an open-crotch design for use in
facilities where nighttime dressing prac-
tices required airing of the perineal area.
Each resident was provided as many
garments as needed for use around-
the-clock, allowing for soilage, laun-
dry turnaround time, losses, and dete-
rioration over time.

Assessment of Adherence

and Adverse Events

During the trial (including the 2-week
run-in period), participating residents
were visited 3 times per week by clini-
cal center research staff to assess adher-
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ence. These visits were unannounced and
conducted at times across all nursing
shifts and days of the week. At each visit,
research staff checked to determine if the
resident was wearing the pad correctly,
whether there were sufficient supplies of
garments and pads, and whether there
were any falls or adverse events related
to the hip protector. If the resident was
not wearing the hip protector for any rea-
son, the resident was considered non-
adherent. Percent of visits adherent was
calculated as the number of visits dur-
ing which a participating nursing home
resident was found to be correctly wear-
ing the garment and pad, divided by the
number of research staff visits to the resi-
dent. Percent adherence provided a mea-
sure of exposure to hip protection against
fracture and included nursing homes in
which policy required no nighttime gar-
ment use (6 of the 37 nursing homes).
Research staff was trained to identify and
address situations resulting in poor ad-
herence. Multiple strategies were used to
motivate the nursing home staff and to
engage their support in helping resi-
dents comply with wearing the hip pro-
tectors. Adverse events monitored were
skin lesions overlying bony promi-
nences in areas covered by the hip pro-
tector garments and development of im-
mobility for which no physical cause
could be ascertained.

inted)

Primary Outcome Variable

The primary outcome was hip fracture
defined as a fracture of the femoral head,
neck, or intertrochanteric region extend-
ing as far as the level of the lesser tro-
chanter regardless of the presence of a
fall. Fractures in regions below the lesser
trochanter, around a prosthetic hip de-
vice, and chip fractures were not in-
cluded. Fractures occurring around an
internal hip fixation device were in-
cluded. Each suspected fracture was re-
viewed by a geriatrician and orthopedic
surgeon who were blinded to the side
that was padded. All reviewers were
members of a clinical end points com-
mittee, which consisted of 2 geriatri-
cians, 2 orthopedic surgeons, and 1 mus-
culoskeletal radiologist. The reviewers
decided that (1) a fracture consistent with
the study criteria had taken place; (2) no
such fracture had taken place; or (3)
there was insufficient information to
make a decision. If the first 2 reviewers
did not agree, a third reviewer evalu-
ated the case. If 2 of 3 reviewers could
not agree, the full clinical end points
committee adjudicated the case.

To ensure complete ascertainment, a
hip fracture hotline telephone number
was made available and communicated
to all nursing staff in all participating
nursing homes. Also, research staff regu-
larly reviewed charts for suspected frac-
ture, especially if a resident’s behavior
suggested a new occurrence of pain or
immobility. For each suspected hip frac-
ture report, research staff spoke to nurs-
ing home staff to determine hip protec-
tor adherence at the time of the event.
In practice, many of the hip fractures
were discovered by research staff dur-
ing their routine weekly visits because
nursing home staff failed to notify our
research team. In 2 instances, our re-
search staff identified residents with hip
fractures not known to nursing home
staff. Whenever a hip fracture was sus-
pected, research staff completed a hip
fracture case report form, and obtained
all medical records from the nursing
home and hospital, including nurses
notes, radiology reports, operative re-
ports, and discharge summaries. These
were deidentified and then sent for ad-
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judication to the clinical end points com-
mittee. In addition to hip fractures, all
falls were ascertained from each facili-
ty’s fall-reporting system and personal
interviews of residents and staff.

Statistical Procedures

Each suspected fracture was classified
as being in the protected hip, unpro-
tected hip, neither (ie, no fracture), or
both hips. Because a resident’s 2 hips
are not independent, and thus violate
the independence requirement of the
standard x? test, the main analysis of
the primary outcome used the
Durkalski-adjusted McNemar test to
assess the difference in the proportion
of fractures in unprotected and pro-
tected hips. The McNemar test takes
into account the lack of independence
between the 2 hips and provides an
unbiased test statistic.”’” Incidence rate
of hip fracture was calculated by divid-
ing the number of fractures on pro-
tected and unprotected hips by the
hip-years of observation. The hip-
years of observation for each resident
was calculated as the number of years
from the time a resident entered the
2-week trial period until either unsuc-
cessful completion of the run-in trial
period (censored at end of failed
run-in period), death, withdrawal, hip
fracture or date of the end of the
study. We calculated CIs for the hip
fracture incidence rate by obtaining
the CI for the expected number of
events based on a Poisson distribution
and then dividing each confidence
limit by the number of hip-years of
observation.?® Interim monitoring
bounds were calculated for the
McNemar test of hip fractures based
on an a-spending function® and using
O’Brien-Fleming style** monitoring
bounds.

RESULTS

As shown in FIGURE 2, during the ini-
tial screening across all 37 participat-
ing nursing homes, 4894 long-stay
nursing home residents were identi-
fied. An additional 2258 were screened
on later admission to the nursing
homes. Of the total 7152 screened, 2268

HIP PROTECTOR TO PREVENT HIP FRACTURE IN NURSING HOME RESIDENTS

refused participation, leaving 4884 who Of these residents, 3816 were ineli-
were screened for eligibility according  gible, leaving 1068 eligible for whom
to the inclusion criteria (previously de-  informed consent was obtained. An ad-
scribed). ditional 26 residents failed to enter the

]
Figure 2. Progress of Participants Through the Trial

‘ 37 Nursing homes screened for eligibility ‘

37 Nursing homes randomized to use left-
or right-sided hip protectors

20 Nursing homes randomized to use 17 Nursing homes randomized to use
left-sided hip protectors right-sided hip protectors

7152 Nursing home residents screened
4894 At time of nursing home enrollment
2258 At time of admission to nursing home
(after nursing home enroliment)

6110 Nursing home residents excluded
2268 Refused to participate®
3816 Not eligible®
42 Had short-stay Medicare
1909 Never attempted to stand up
391 Younger than age 65 y
285 Had terminal iliness
121 Had prior bilateral hip fractures or hip replacements
47 Had infection requiring isolation
53 Had pressure ulcers
79 Had hip circumference >122 cm
389 Nursing home staff strongly recommended
not approaching resident
52 Refused to wear clothing in general
660 Other
26 Did not enter run-in period
12 Withdrew consent
1 Died
1 Became ineligible
10 Staff protocol violations
2 Other

1042 Entered run-in period

585 WithdrawnP
210 Withdrew consent
35 Responsible party withdrew consent
73 Dependent in transfer >5 wk
2 Out of nursing home >5 wk
1 Discharged to ineligible (short stay) nursing home bed
18 Discharged to another nursing home
42 Suspected hip fracture
142 Died
1 Hip circumference >122 cm
16 Physician prescribed second hip protector
11 In 2 nursing homes dropped from study
148 Not adherent during run-in

62 Other
[ |
1042 Hips assigned to hip protectors 1042 Unprotected hips included in
included in analysis analysis

587 In nursing homes randomized
to left-sided hip protectors

455 In nursing homes randomized
to right-sided hip protectors

aRefusals are indicated first because screening for eligibility was a multistage process in which participants could
refuse while being screened for eligibility. Reasons for nonparticipation were as follows: unable to make con-
tact with responsible party 26.7%; no interest 21.6%; too burdensome emotionally 13.5%; too burdensome
Ehysically 38.2%.

Multiple reasons for ineligibility and for withdrawal could be given.
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run-in period. Of the residents who di
Table 1. Baseline Characteristics of Enrolled Residents u pe od. Of the residents who did

enter the run-in period, 587 (56.3%)

Consenting Participants

Mean resident age was 85 years.
Nearly 80% of the sample were women,

Characteristic (N =1042) were from nursing homes that had been
Women 821 (78.8) assigned to be left-padded and 455
Race/Ethnicity 1040 (43.7%) were from nursing homes that
White 894 (86.0) had been assigned to be right-padded.
Black 142 (13.7) Residents who participated were older
Asian 1(0.9) than residents who did not participate
American Indian 2(0.2) (aged 84.8 years vs 83.2 years; P value
Other 2(0.2) <.001), sex did not differ between the
Hispanic 8(0.8) 2 groups (79.4% women vs 78.2% wom-
Age, mean (SD), y 85.3 (7.4) en; P value=.47), and history of hip frac-
Body mass index, mean (SD)P 24.4 (4.5) tures did not differ between groups
Short Blessed Test score, mean (SD) 21.5(9.0) (16.7% vs 15.4%; P value=.36). How-
Physical functioning ever, the need for consent by a respon-
Transfer sible party was more common in eli-
Independent 415 (40.2) gible residents agreeing to participate
Supenvision 121 (11.7) than in residents who declined partici-
Limited assistance 262 (25.4) pation (88.0% vs 74.6%; P value <.001).
Extensive assistance 177( 2) After the initial screening for eligi-
Total dependence 56 (5.4) bility within a nursing home, periodic
Activity did not ocour 0 screening of newly admitted residents
Wa'ﬁgeg)gnngen " 205 (36.3) Svas C?I‘l‘led out throughout the remain-
— er of the study. Thus, 267 additional
Supervision 171 (16.6) . h ident )
Limitod assistance 190 (18.4) nursing home residents were re
Extonsive assistance 95 (9.20) crulteq into the study during these later
Total dependence 1(1.10) SCreenings.
Activity did not occur 169 (16.4)

Walk in corridor

terim analysis (20 months of follow-
up), the data and safety monitoring

Independent 322 (31. 2) and 86% were white (TABLE 1). The

Supervision 214 (20.8 mean SBT score was 21.5, indicating
Limited assistance 185 (17. ) that on average residents had signifi-
Extensive assistance 88 (8.5) cant cognitive impairment. Less than
Total dependence 2(1.2) half of the study residents were able to
Activity did not occur 210 (20.4) independently transfer or walk in their

Locomotion on unit room, the corridor, nursing unit, or off
Independent 374 (36.3) the nursing unit. Bladder continence
Supervision 235 (22.8) most or all of the time was present in
Limited assistance 194 (18.8) only 41.5% of residents and bowel con-
Extensive assistance 109 (10.6) tinence, in only 57%. Hip replace-
Total dependence 111 (10.8) ments (6.6%) and hip fracture histo-
Activity did not occur 808 ries (15.7%) were relatively uncommon

Wa'h}gg;e”r%em 217 (210 despite falls in the last 30 days in ap-
Subervisi 208 proximately 29% of residents. The use

pervision (20. 2) . . K
Limitod assistance 176 (17.1) of osteoporosis medications such as bis-
Extonsive assistance 102 9.9) phosphongtes was uncommon (6%.).
Total dependence 270(26.2) At the time of the first planned in-
58 (6.

Activity did not occur
Mobility No. (% with ability)

6)

Uses cane/walker/crutch 458 (44.5) board recommended termination of the
Resident wheels self 314 (30.5) study due to lack of efficacy and the low
Other person wheels resident 400 (38.8) probability of being able to demon-
Wheelchair primary mode of transportation 370 (35.9) strate efficacy in the remaining years of
None of the above 293 (28.4) the study. Three approaches were taken

(continued)  to assess the “futility” of continuing the
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study. First, we observed that the Cls
for the incidence rates of hip fracture
on padded and unpadded sides sub-
stantially overlapped. Second, we esti-
mated the power to detect the origi-
nally proposed effect size if the study
were continued, and found that to
achieve this effect size, we needed to ob-
serve 29 fractures in the unpadded hips
and 1 fracture in the padded hips in the
remaining 945 person-years of study.
Finally, we used EAST 2000 version 4
(Cytel Software, Inc, Cambridge, Mas-
sachusetts) to determine the probabil-
ity of crossing the boundary of futility
with the B-spending function pro-
posed by Pampallona, Tsiatis, and
Kim.*! With approximately 33% of data
accumulated, the probability of non-
futility was 0.21. At the current rate of
B spending, the next look at the data
(when approximately 67% of the data
are accumulated) would produce a sig-
nificant futility, allowing us to reject the
alternative hypothesis.

At the time the study was termi-
nated in October 2004, 1042 nursing
home residents had contributed a total
of 676 person-years of observation. The
mean participation time was 7.8
months. The overall adherence was
73.8%, and 32.2% of residents had ad-
herence exceeding 80%. As shown in
FIGURE 3, adherence was initially about
60%, but by the sixth month of the
study adherence rose to 80% and then
slowly decreased to less than 70% by
the end of the study. Excluding assess-
ments at night in facilities where policy
did not permit nighttime use, the ad-
herence was 78.4%, and 40.9% of resi-
dents had adherence exceeding 80%.

In the intent-to-treat analysis
(N=1042), the incidence rate of hip
fracture on protected hips (3.1%) did
not differ from the incidence rate on un-
protected hips (2.5%; P=.70 using the
Durkalski-adjusted McNemar test for
clustered matched-pair data; TABLE 2;
FIGURE 4). Similarly in the per proto-
col analysis for the 334 residents with
greater than 80% adherence, the inci-
dence of hip fracture on protected hips
(15 hip fractures/284 hip-years of ob-
servation; 5.3%) did not differ from that

©2007 American Medical Association. All rights reserved.
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Table 1. Baseline Characteristics of Enrolled Residents (cont)

Consenting Participants

Characteristic (N =1042)2
Incontinence
Bladder
Continent 305 (29.60)
Usually continent 123 (11.9)
Occasionally incontinent 123 (11.9)
Frequently incontinent 196 (19.0)
Incontinent 284 (27.6)
Bowel
Continent 498 (48.3)
Usually continent 90 (8.7)
Occasionally incontinent 91 (8.8)
Frequently incontinent 112 (10.9)
Incontinent 240 (23.30)
History of hip replacement 69 (6.6)
History of hip fracture 163 (15.7)
Taking osteoporosis medications
Bisphosphonates 62 (6.0)
Estrogen 15 (1.5)
Calcitonin 39 (3.8)
Selective estrogen-receptor modulators 10 (1.0
Prescription vitamin D 95 (9.2)
History of fall in last 30 days 301 (29.2)
Fear-of-falling score, mean (SD) 2.6 (0.9

@Represents No. (%) unless otherwise noted.

Body mass index calculated as weight in kilograms divided by the square of height in meters.

on unprotected hips (10 hip fractures/
284 hip-years of observation; 3.5%;
P=.42; Table 2). Finally, when we
looked at only those residents who were
reported by staff to have been wearing
the hip protectors at the time of the hip
fracture, there were 13 hip fractures on
protected hips and 7 hip fractures on
unprotected hips. Nursing home staff
reported that 6 of the hip fractures oc-
curred on protected hips when resi-
dents were not wearing the pad and 7
occurred on unprotected hips when
residents were not wearing the pad. For
the remaining 5 hip fractures, informa-
tion on whether a resident was wear-
ing the hip protector was either miss-
ing or unknown. We also performed an
analysis stratified by mobility level at
baseline and observed no difference (all
P values >.30) between the treatment
effect of the pads within each mobility
group (ie, independent mobility or mo-
bility with limited assistance com-
pared with wheelchair-bound or mo-
bility with substantial assistance). The
differences in the incidence rates be-

tween padded and unpadded hips were
in the same direction in both mobility
groups and the absolute differences
were similar (3.8% in padded hips and
2.9% in unpadded hips in the indepen-
dent mobility group and 2.4% and 2.1%,
respectively, in the mobility-depen-
dent group).

There were 2470 reported falls dur-
ing the 20-month study period. Resi-
dents sustained a mean of 3.9 falls per
year and 566 of 1042 residents (54.3%)
fell at least once. In 184 participants
(17.7%) who were cognitively able to an-
swer questions regarding fear of falling
at baseline, the mean fear of falling score
was 2.6 (SD=0.9) on the 5-point scale.
Of these, 73 residents had a fear-of-
falling score at follow-up (mean=2.4,
SD=0.80) and 67 residents had a score
at both time points. The mean change
in the fear-of-falling score from base-
line to follow-up in residents who scored
at both time points was 0.22 (SD=0.67)
and was nonsignificant (P=.78).

Sixteen skin-related adverse events
were reported. None were judged to
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be “possibly related” to the use of
the hip protector garment and pad.
No adverse changes in mobility
occurred due to the wearing of the

COMMENT

In this first clinical trial (to our knowl-
edge) of an energy-absorbing/shunting
hip protector conducted in US nursing

garment and pad. homes, we were unable to detect a

Figure 3. Nursing Home Resident Adherence to Required Use of the Hip Pad, October
2002-October 2004

N

o] /\/

\o\‘\.—'\._._.,._.\._._.‘.

Percentage Adherent

[ s s e L e s s Bt e e s s
Oct Jan  Apr Jul  Oct Jan Apr Jul  Oct
2002 2003 2004

Month
No. Enrolled 24 112 228 300 439 478 469 475 484

]
Table 2. Hip Fractures on Protected vs Unprotected Sides

Intent-to-Treat Analysis Per-Protocol Analysis

(N =1042) (n=334)2
I 1 I |
Protected Unprotected Protected Unprotected
No. of hips fractured 21 17 15 10
Hip-years of observation 676 284
Incidence rate 3.1 (1.8-4.4) 2.5(1.3-3.7) 5.3 (2.6-8.0) 3.5(1.3-5.7)

(95% confidence interval)
P value .70 42

2lncluded only residents with mean adherence of 80% or greater.

Figure 4. Number of Hip Fractures on Hips Assigned to Padded Side and on Hips Assigned to
Have No Pad.

257

20 /.-./' -

Hip protector ¢~
154 /._

No hip protector

Cumulative No. of Hip Fractures

Oct Jan  Apr
2002 2003

Jul Oct Jan Apr Jul  Oct
2004

Month

Person-years 1 15 45 101 168 251 320 391 478
of observation
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protective effect on the risk of hip
fracture, despite successful recruit-
ment, retention, and adherence to the
protocol. To determine if this was
related to adherence, we also per-
formed a per-protocol analysis in par-
ticipating nursing home residents who
were at least 80% adherent, which
confirmed the lack of a protective
effect. No study participants were
adversely affected in terms of skin
problems or mobility, by wearing the
garment and pad.

Several unique aspects of this trial
distinguish it from previous studies.
First, the study design, which used
1-sided hip protectors in all partici-
pants, allowed each participant to serve
as his or her own control. In this way
we avoided biases that have been pre-
sent in previous trials that have either
randomized residents within a facility
or units within a facility."” In such de-
signs, staff may have differentially cared
for the treated nursing home residents
compared with the control residents. A
second major strength of this study was
the use of a run-in period. In clinical
practice, health care providers typi-
cally follow this approach of prescrib-
ing a treatment on a trial basis, and if
it is successfully implemented with-
out adverse effects or without objec-
tion by residents who have dementia,
the treatment can be continued. Third,
to our knowledge this study had the
most comprehensive and precise way
of monitoring and measuring adher-
ence ever reported. Our research staff
made 3 random visits per week to each
resident during the course of the study
throughout all nursing home shifts.

Our results confirm the conclu-
sions of a recent Cochrane systematic
review that found no evidence of hip
protector efficacy.* To date, results of
13 randomized controlled trials have
been published, of which 8 studies (in-
cluding our own) did not demon-
strate a statistically significant reduc-
tion in hip fracture incidence.’* In the
Cochrane review,? the authors con-
cluded that hip protectors were not ef-
facacious in studies randomized by in-
dividual patient within an institution,
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or living independently. In contrast,
data from cluster randomized studies
indicated that for residents in institu-
tional care, where hip fracture rates are
high, hip protectors appeared to re-
duce the incidence of hip fractures.
The different conclusions drawn from
clustered and nonclustered random-
ized trials of hip protectors underscore
the methodologic biases in the design and
execution of cluster randomized trials."
While our study used clustering to as-
sign the side that was protected, the de-
sign differed significantly from the 5 stud-
ies that found significant reductions in
hip-fracture risk from the use of 2-sided
hip protectors.** It is possible that our
results differed from these positive stud-
ies because each resident served as his
or her own control, thereby eliminating
the inherent potential for bias that was
present in these previous trials. Likely
sources of bias include differences be-
tween matched facilities at baseline and
differences in nursing home resident co-
morbidities that influence fall risk. More
importantly, in all previous hip-
protector trials, the nursing staff in nurs-
ing home facilities were not blinded to
treatment group. This may have led to
differential co-interventions or other
practices that could have biased the re-
sults in favor of the active treatment. The
importance of these biases is under-
scored by the observation that the same
hip protector, Safehip, reduced hip frac-
tures in 2 cluster randomized trials®*
but did not reduce hip fractures in a large
trial that randomized individuals.*®
Further differences between HIP
PRO and previous studies may have re-
sulted from the type of hip protector
used. Most previous studies used the
hard-shield hip protector such as Safe-
hip, which because of its rigid struc-
ture is not likely to be worn at night
when 35% of hip fractures occur.® HIP
PRO used a more comfortable energy-
absorbing/shunting hip protector with
which generally higher adherence and
nighttime use was possible. At the time
the trials began, this hip protector,
which is currently not commercially
available, had been demonstrated to re-
duce peak impact forces to below the

©2007 American Medical Association. All rights reserved.
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fracture threshold of the hip of an el-
derly individual.*' Although other
pads have tested favorably in simu-
lated fall conditions in laboratory set-
tings,'"18:2L4547 differences in testing
conditions and types of testing con-
figurations have made it difficult to de-
termine the optimal pad design for use
in clinical trials. These observations
raise concerns about the efficacy of the
other commercially available force-
absorbing pads that performed less well
under the same test conditions.

Our study had several potential
limitations. First, the pad we chose,
while believed to be the best available
at the time of the study based on bio-
mechanical testing, may not have been
good enough to prevent hip fractures.
Since the time our trial began, other
pads have become available and are
being tested. Second, the nursing
homes participating in our study are
not necessarily representative of all US
nursing homes. We selected larger-
sized facilities in which our study was
likely to succeed (nursing homes with
previous research experience, higher
quality indicators, and proximity to
large academic centers). However, our
study was intended to be an “efficacy”
study and not an “effectiveness” study.
This is especially so because of the use
of 1-sided hip protectors. Our study
design, while overcoming potential
biases of cluster randomization and
individual randomization, does not
completely generalize to the clinical
setting where 2-sided hip protectors
are used. Even adherence data for
1-sided hip protector use may not be
generalizable to the setting of 2-sided
hip protector use. Nevertheless, there
is no reason to believe that the biome-
chanical properties of a pad used only
on 1 side would be affected by lack of
a pad on the opposite hip. However,
we cannot exclude the possibility that
having only 1 hip protected could
have modified the propensity to fall to
the protected side either because of
the mechanical positioning of the pad
or because of sensory cues from the
pad that altered gait. Also, we cannot
exclude the possibility that residents

purposely modified their gait to
avoid falls or, in the midst of a fall,
tried to fall on the side of the pad.
Given the high prevalence of cognitive
impairment in the sample, it is diffi-
cult to conceive that this could have
occurred.

Last, we used a team of research as-
sistants who visited each resident 3
times a week to troubleshoot and sup-
port nursing home staff attending to
residents participating in the trial. This
took considerable time, energy, and pa-
tience that may have led to the excel-
lent adherence observed in the study,
which may not be as high in the real-
world setting. This study evaluated fac-
tors related to adherence, which will be
informative regardless of the number
and type of pads used.

In summary, this large multicenter
clinical trial failed to demonstrate a pro-
tective effect of a hip protector on hip
fracture incidence in nursing home resi-
dents despite high adherence, confirm-
ing the growing body of evidence that
hip protectors are not effective in nurs-
ing home populations. With the devel-
opment of better pad materials and
more thorough testing, future studies
should examine new hip protectors
using nonclustered randomized de-
signs like ours to avoid many method-
ological biases.

Author Contributions: Dr Kiel had full access to all of
the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data
analysis.

Study concept and design: Kiel, Magaziner,
Zimmerman, Barton, Birge.

Acquisition of data: Kiel, Magaziner, Zimmerman, Ball,
Brown, Stone, Dewkett, Birge.

Analysis and interpretation of data: Kiel, Magaziner,
Zimmerman, Barton, Brown, Stone, Dewkett, Birge.
Drafting of the manuscript: Kiel, Magaziner,
Zimmerman, Ball, Barton, Brown, Birge.

Critical revision of the manuscript for important in-
tellectual content: Magaziner, Zimmerman, Ball,
Barton, Brown, Stone, Dewkett, Birge.

Statistical analysis: Kiel, Zimmerman, Barton.
Obtained funding: Kiel, Magaziner, Zimmerman,
Barton, Birge.

Administrative, technical, or material support: Kiel,
Magaziner, Zimmerman, Brown, Stone, Dewkett, Birge.
Study supervision: Kiel, Magaziner, Zimmerman, Ball,
Brown, Birge.

Financial Disclosures: None reported.
Funding/Support: Funded by National Institutes of
Health, National Institute on Aging grant RO1
AGO018461 and supported in part by the Lawrence J.
and Anne Cable Rubenstein Charitable Foundation.
Role of Sponsor: National Institutes of Health sup-
port was attributed to the design and conduct of the

(Reprinted) JAMA, July 25, 2007—Vol 298, No. 4 421

Downloaded from www.jama.com at Chinese University of Hong Kong, on February 15, 2008


http://www.jama.com

HIP PROTECTOR TO PREVENT HIP FRACTURE IN NURSING HOME RESIDENTS

study, collection, management, analysis, and inter-
pretation of the data. Support from the Lawrence J.
and Anne Cable Rubenstein Charitable Foundation paid
for additional hip protector garments and pads for study
participants.

Additional Contributions: The authors would like
to acknowledge Shari Kronsberg, MS, Maryland
Medical Research Institute, for help with statistical
analysis; Cynthia Bourret, PhD, University of Mary-
land, Baltimore, for help in the initial planning and
implementation of the study; Barbara Jones, MS, Uni-
versity of Maryland, Baltimore, for data collection and
project direction; the members of the data and safety
monitoring board; and the end point committee mem-
bers. Individuals listed in this acknowledgment did not
receive additional compensation for their work with
this article.

REFERENCES

1. US Department of Health and Human Services. Hos-
pital Inpatient Statistics, 1996-1999. Rockville, MD:
Agency for Health Care Policy and Research; 1999.
AHCPR Publication 99-0034.

2. Grisso JA, Kelsey JL, Strom BL, et al. Risk factors
for falls as a cause of hip fracture in women. N Engl J
Med. 1991;324(19):1326-1331.

3. Hedlund R, Lindgren U. Trauma type, age and gen-
der as determinants of hip fracture. J Orthop Res. 1987,
5(2):242-246.

4. Schneider EL, Guralnik JM. The aging of America:
impact on health care costs. JAMA. 1990;263(17):
2335-2340.

5. Broe KE, Hannan MT, Kiely DK, Cali CM, Cupples
LA, Kiel DP. Predicting fractures using bone mineral
density: a prospective study of long-term care residents.
Osteoporos Int. 2000;11(9):765-771.

6. Cali CM, Kiel DP. An epidemiologic study of fall-
related fractures among institutionalized older people.
J Am Geriatr Soc. 1995;43(12):1336-1340.

7. Chandler JM, Zimmerman Sl, Girman CJ, et al. Low
bone mineral density and risk of fracture in white fe-
male nursing home residents. JAMA. 2000;284(8):972-
977.

8. Thapa PB, Brockman KG, Gideon P, Fought RL, Ray
WA. Injurious falls in nonambulatory nursing home
residents: a comparative study of circumstances,
incidence, and risk factors. J/ Am Geriatr Soc. 1996;
44(3):273-278.

9. Tinetti ME, Liu W, Ginter SF. Mechanical restraint
use and fall-related injuries among residents of skilled
nursing facilities. Ann Intern Med. 1992;116(5):369-
374.

10. Kaptoge S, Benevolenskaya LI, Bhalla AK, et al.
Low BMD is less predictive than reported falls for fu-
ture limb fractures in women across Europe: results
from the European Prospective Osteoporosis Study.
Bone. 2005;36(3):387-398.

11. Hayes WC, Myers ER, Morris JN, Gerhart TN, Yett
HS, Lipsitz LA. Impact near the hip dominates frac-
ture risk in elderly nursing home residents who fall.
Calcif Tissue Int. 1993;52(3):192-198.

12. Greenspan SL, Myers E, Kiel DP, Parker RA, Hayes
WC, Resnick NM. Fall direction, bone mineral den-
sity, and function: risk factors for hip fracture in frail

422

JAMA, July 25, 2007—Vol 298, No. 4 (Reprinted)

nursing home elderly. Am J Med. 1998;104(6):
539-545.

13. Parker MJ, Gillespie LD, Gillespie WJ. Hip pro-
tectors for preventing hip fractures in the elderly
[update of: Cochrane Database Syst Rev. 2001;(2):
CDO001255; update in: Cochrane Database Syst Rev.
2004;(3):CD001255]. Cochrane Database Syst Rev.
2003;(3):CD001255.

14. Parker MJ, Gillespie WJ, Gillespie LD. Effective-
ness of hip protectors for preventing hip fractures in
elderly people: systematic review. BMJ. 2006;332
(7541):571-574.

15. Hahn S, Puffer S, Torgerson DJ, Watson J. Meth-
odological bias in cluster randomised trials. BMC Med
Res Methodol. 2005;5(1):10.

16. Kannus P, ParkkariJ, Poutala J. Comparison of force
attenuation properties of four different hip protec-
tors under simulated falling conditions in the elderly:
an in vitro biomechanical study. Bone. 1999;25(2):229-
235.

17. Robinovitch SN, McMahon TA, Hayes WC. Energy-
shunting hip padding system improved femoral im-
pact force attenuation in a simulated fall. J Biomech
Eng. 1995;117(4):409-413.

18. van Schoor NM, van der Veen AJ, Schaap LA, Smit
TH, Lips P. Biomechanical comparison of hard and soft
hip protectors, and the influence of soft tissue. Bone.
2006;39(2):401-407.

19. Kurrle SE, Cameron ID, Quine S, Cumming RG.
Adherence with hip protectors: a proposal for
standardised definitions. Osteoporos Int. 2004;15
(1):1-4.

20. Warnke A, Meyer G, Bender R, Muhlhauser I. Pre-
dictors of adherence to the use of hip protectors
in nursing home residents. J Am Geriatr Soc. 2004;
52(3):340-345.

21. Wiener SL, Andersson GB, Nyhus LM, Czech J.
Force reduction by an external hip protector on the
human hip after falls. Clin Orthop Relat Res. 2002;398:
157-168.

22. Melton LJ III, listrup DM, Beckenbaugh RD, Riggs
BL. Hip fracture recurrence. A population-based study.
Clin Orthop Relat Res. 1982;167:131-138.

23. Efron B. The Jackknife, the Bootstrap and Other
Resampling Plans. Philadelphia, PA: Society of Indus-
trial and Applied Mathematics; 1982.

24. Blessed G, Tomlinson BE, Roth M. The associa-
tion between quantitative measures of dementia and
of senile change in the cerebral grey matter of elderly
subjects. Br J Psychiatry. 1968;114(512):797-811.
25. Thal LJ, Grundman M, Golden R. Alzheimer's dis-
ease: a correlational analysis of the Blessed Information-
Memory-Concentration Test and the Mini-Mental State
Exam. Neurology. 1986;36(2):262-264.

26. Lach H, Ball L, Birge S. Validation of a measure
of fear of falling for nursing home residents. The
Gerontologist. 2002;42(1, special issue):171.

27. Hollander M, Wolfe DA. Nonparametric Statis-
tical Methods. 2nd ed. New York, NY: John Wiley &
Sons; 1999.

28. Rosner B. Fundamentals of Biostatistics. Pacific
Grove, CA: Duxbury; 2000.

29. Lan KG, DeMets DL. Discrete sequential bound-
aries for clinical trials. Biometrika. 1983;70:659-663.
Doi:10.1093/biomet/70.3.659.

30. O'Brien KD, Kuusisto J, Reichenbach DD, et al.

Osteopontin is expressed in human aortic valvular
lesions. Circulation. 1995;92(8):2163-2168.

31. Tsiatis A, Pampallona S, Kim K. Interim monitor-
ing of group sequential trials using spending
functions for type | and type Il error probabilities.
Drug Inf J. 2001;35:1113-1121.

32. Birks YF, Hildreth R, Campbell P, Sharpe C, Torg-
erson DJ, Watt I. Randomised controlled trial of hip
protectors for the prevention of second hip fractures.
Age Ageing. 2003;32(4):442-444.

33. Cameron ID, Venman J, Kurrle SE, et al. Hip pro-
tectors in aged-care facilities: a randomized trial of use
by individual higher-risk residents. Age Ageing. 2001;
30(6):477-481.

34. Cameron ID, Cumming RG, Kurrle SE, etal. Aran-
domised trial of hip protector use by frail older
women living in their own homes. Inj Prev. 2003;
9(2):138-141.

35. Chan DK, Hillier G, Coore M, et al. Effectiveness
and acceptability of a newly designed hip protector:
a pilot study. Arch Gerontol Geriatr. 2000;30(1):25-
34.

36. Hubacher M, Wettstein A. Acceptance of hip pro-
tectors for hip fracture prevention in nursing homes.
Osteoporos Int. 2001;12(9):794-799.

37. Jantti PO, Aho HJ, Maki-Jokela PL, Heikinheimo
RJ. Hip protectors and hip fractures. Age Ageing. 1998;
27(6):3387-3389.

38. van Schoor NM, Smit JH, Twisk JW, Bouter LM,
Lips P. Prevention of hip fractures by external hip pro-
tectors: a randomized controlled trial. JAMA. 2003;
289(15):1957-1962.

39. Birks YF, Porthouse J, Addie C, et al. Random-
ized controlled trial of hip protectors among women
living in the community. Osteoporos Int. 2004;15
(9):701-706.

40. Ekman A, Mallmin H, Michaelsson K, Ljunghall

S. External hip protectors to prevent osteoporotic hip
fractures. Lancet. 1997;350(9077):563-564.

41. Harada A, Mizuno M, Takemura M, Tokuda H,
Okuizumi H, Niino N. Hip fracture prevention trial using
hip protectors in Japanese nursing homes. Osteopo-
ros Int. 2001;12(3):215-221.

42. Kannus P, Parkkari J, Niemi S, et al. Prevention
of hip fracture in elderly people with use of a hip
protector. N Engl J Med. 2000;343(21):1506-
1513.

43. Lauritzen JB, Petersen MM, Lund B. Effect of ex-
ternal hip protectors on hip fractures. Lancet. 1993;341
(8836):11-13.

44. Meyer G, Warnke A, Bender R, Muhlhauser |. Effect
on hip fractures of increased use of hip protectors in
nursing homes: cluster randomised controlled trial. BMJ.
2003;326(7380):76-80.

45. Birge S, Wiener SL, Smith HR, Biloff RM. Biome-
chanical properties of external hip protectors. J Am
Geriatr Soc. 2005;53(suppl):5113.

46. Parkkari J, Kannus P, Heikkila J, Pontala J, Siev-
anen H, Vuori |. Energy-shunting external hip protec-
tor attenuates the peak femoral impact force below
the theoretical fracture threshold. J Bone Miner Res.
1995;10(10):1437-1442.

47. Parkkari J, Kannus P, Poutala J, Vuori |. Force at-
tenuation properties of various trochanteric padding
materials under typical falling conditions of the elderly.
J Bone Miner Res. 1994;9(9):1391-1396.

©2007 American Medical Association. All rights reserved.

Downloaded from www.jama.com at Chinese University of Hong Kong, on February 15, 2008


http://www.jama.com

