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Hip protectors are cost-effective in the prevention of hip fractures
in patients with high fracture risk
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Abstract

Cost-effective preventive interventions are necessary for tackling the increasing number of hip fractures, which are frequently
occuring as a serious consequence of osteoporosis. Several interventions have been available for preventing and treating
osteoporosis. The aim of this study was to systematically review and critically appraise studies that assessed cost-effectiveness
of hip protectors for the prevention of hip fractures and to investigate the effects of age, gender and residence situation on cost-
effectiveness. A systematic review was conducted in order to identify economic evaluation studies examining the hip protector
solely or compared to no treatment according to the Preferred Reported Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement. Synthesis of results was performed to observe trends between the studies. Methodological quality of the
studies was assessed by the use of the Quality of Health Economic Studies (QHES) instrument. A total of 15 economic evaluation
studies were included for analysis. The methodological quality was high in most studies (13/15). The hip protector was solely
evaluated in three studies and within 12 other studies compared with no intervention. All studies that investigated the cost-
effectiveness in long-term care facilities revealed that hip protector use is a cost-effective strategy for the prevention of hip
fractures in elderly. Cost-effectiveness was also observed in two studies that provided hip protectors in a geriatric hospital ward.
Four studies included both community-dwelling residents and residents living in a long-term care facility in their study. These
studies showed more variability regarding cost-effectiveness. One study did not report information regarding the residence
situation of their cohort, but also observed cost-effectiveness. In conclusion, this review suggests that hip protectors are a cost-
effective approach in the prevention of hip fractures in populations with high risk of hip fractures especially in long-term care
facilities and a geriatric ward in a hospital.
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Introduction

Osteoporosis is a major public health problem that affects
millions of people worldwide [1-3]. A frequent and serious
consequence of osteoporosis is a hip fracture leading to high
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morbidity, excess mortality, substantial costs and decreased
quality of life [2, 4-9]. As a consequence of an ageing popu-
lation, the number of hip fractures is estimated to increase by
32% (615,316 to 814,747 cases) in Europe between 2010 and
2025 [10]. Several risk factors are known to predispose indi-
viduals to hip fractures, including: female gender, older age, a
high number of comorbidities, low cognitive function, previ-
ous spine or hip fracture and poor neuromuscular function [8,
11-15]. Additionally, it is well described that patients in long-
term care facilities have much higher fall rates compared with
community-dwelling residents and that these falls more fre-
quently lead to serious complications [16—18].

Preventive interventions are needed to reduce the number
of hip fractures. Several interventions have been described to
reduce the risk of hip fractures including regular exercise (e.g.
muscle strengthening and balance trainings), drug treatments
(e.g. calcium, vitamin D and antiresorptives/anabolics) and/or
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the use of hip protectors [19-23]. Since more than 90% of the
hip fractures are the result of a fall [24, 25], hip protectors
could be an interesting strategy/intervention for preventing
hip fractures. Hip protectors are shields of hard plastic or soft
foam that are processed in specially designed underwear lead-
ing to an immediate protective effect [26-29]. The force of
impact is shunted or partly absorbed by the shield in case of a
fall, which aims to prevent a fracture from occurring [26, 28,
29]. The level of effectiveness of the hip protector has been a
topic of debate for the last 15 years [23, 30-34], indicated by
the great amount of publications regarding this device, the
variability in reported effectiveness ratios and the frequent
systematic review updates [31-33]. Currently, the most re-
cently updated Cochrane systematic review reports an 18%
reduction of hip fractures by the use of hip protectors in
long-term care facilities [23] and concludes that the effective-
ness could even be higher with improved adherence and ac-
ceptance levels [23, 30, 35].

Given the increasing economic burden of hip fractures,
there is a growing interest in cost-effective preventive inter-
ventions such as the hip protector. In recent years, several cost-
effectiveness studies on hip protectors in different populations
have been published. However, to our knowledge, there is no
systematic overview and critical assessment that solely evalu-
ates the cost-effectiveness of the hip protector. Therefore, the
aim of this study is to systematically review and critically
appraise studies that assessed cost-effectiveness of hip protec-
tors for the prevention of hip fractures. Furthermore, we aimed
to investigate the effects of age, gender and residence situa-
tion, as being risk factors of a hip fracture, on hip protector
cost-effectiveness.

Materials and methods

This systematic review was conducted according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guideline [36]. The search was
conducted within PubMed/Medline, Embase, Econlit, Web
of science and Cochrane library. The search consisted of a
combination of several terms related to the disorder (‘Hip
fracture’, ‘Femoral neck fracture’, ‘Proximal femur fracture’,
‘Subtrochanteric fracture’, ‘Femur fracture’, ‘Fractured fe-
mur’, ‘Periprosthetic fracture’), the intervention (‘Hip protec-
tor’, ‘Hip saver’, ‘Protecting trouser’, ‘Protector’, ‘Protective
devices’, ‘Fall prevention’, ‘Protected fall’, ‘Protect’,
‘Underwear’, ‘Trouser’, ‘Pad’, ‘Pants’) and the outcome
(‘Economic evaluation’, ‘Economic analysis’, ‘Economic’,
‘Health economics’, ‘Health technology assessment’, ‘HTA’,
‘Cost effectiveness’, ‘CEA’, ‘Cost effective’, ‘Cost utility’,
‘CUA’, ‘Cost benefit’, ‘CBA’, ‘Cost analysis’, ‘Costs’
‘ICER’ or ‘ICUR”). No restrictions on language and publica-
tion date were applied to the search strategy. The initial search
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was performed on April 9th, 2019. Furthermore, reference
lists and citations of the included studies were screened for
additional studies.

Titles and abstract of the retrieved studies were first
screened and studies reporting an economic analysis (i.e.
cost-effectiveness, cost utility or clinical effectiveness and as-
sociated costs) of the hip protector were included.
Subsequently, full-text article screening was done. Studies
were included if the hip protector was solely evaluated
(i.e. partial economic evaluation) or compared with other in-
terventions (i.e. full economic evaluation). Another criterion
for eligibility was that studies should report the results of the
hip protector as solely preventive intervention, thus not as an
addition of other preventive strategies. Only original scientific
papers in academic English were included. Two reviewers
(RdB and HV) conducted the initial search and study selection
process independently and discrepancies were resolved by
discussion and consultation of a third reviewer (MH).

Relevant information was extracted including study char-
acteristics (i.e. author, year of publication, journal) and study
design (i.e. country, population, study perspective, model
type, time horizon, outcome measure, valuation, year of val-
uation and discount rates). Furthermore, the main results in
terms of outcomes and associated costs were collected includ-
ing study population’s characteristics, the incremental cost-
effectiveness ratios (ICER) in terms of cost per hip fracture
prevented and/or cost per quality-adjusted life years (QALY)
gained and the overall conclusion of each study including the
used cost-effectiveness threshold. Subsequently, the data was
reviewed to observe similarities and differences regarding the
cost-effectiveness. Since previous studies investigated that hip
protector effectiveness is influenced by residence status (i.e.
long-term care facility or community-dwelling), age and gen-
der, this was incorporated in reporting of the results [23, 30].

The methodological quality of the included studies was
assessed by the use of the Quality of Health Economic
Studies (QHES) instrument. The QHES is a validated
quality scoring instrument, which was developed to eval-
uate health economic analyses and emphasize appropriate
methods, valid and transparent results and comprehensive
reporting of results in each study [37, 38]. The 16 items
were scored with “Yes’ (reported) and ‘No’ (not reported).
Each item is weighted with points and the total amount of
points earned represents the methodological quality [37].
The possible score ranges between 0 (lowest quality) and
100 (highest quality). Additionally, the studies were
grouped according to the following quartiles: extremely
poor quality (0-24), poor quality (25-49), fair quality
(50-74) and high quality (75—100) [39]. The data extraction
process and quality assessment was independently executed
by two reviewers (RdB and HV). Inconsistencies in data ex-
traction or critical appraisal of the studies were resolved by
discussion until consensus was reached.
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Results
Study selection

The initial search yielded 601 articles (Fig. 1). After title and
abstract screening, 119 potential articles were identified. Of
those, 53 duplicates were excluded leading to 66 articles for
full-text assessment. During this full-text assessment, 51 arti-
cles were excluded. The majority of studies was excluded
because they did not describe original research (n = 23), be-
cause they did not investigate the intervention of interest (n =
13), or because they did not examine both outcome and asso-
ciated costs (n = 9). Finally, a total of four studies was exclud-
ed because they investigated a multiprevention program with-
out a distinction in results for hip protectors and two were not
written in the English language. Therefore, a total of 15 arti-
cles were eligible for inclusion in this systematic review. No
additional records were identified after screening of the refer-
ence lists and citations of the included studies.

Study characteristics

An overview of the study characteristics is presented in
Table 1. The fifteen original economic studies regarding
the hip protector were performed and published between
2000 and 2015. The studies were conducted in several
countries including the USA (n=4), Germany (n=4),
Canada (n=3), the UK (n=2), the Netherlands (n=1)

Initial search (n = 601)

PubMed (n = 158), Embase (n = 102),
Cochrane (n = 75), Econlite (n = 2),
Web of science (n = 264)

y

Records excluded (n = 482)
No economic analysis
No hip protector or prevention
program

Title and abstract screened
(n=601)

v

A4

Potential records based on title

and abstract > Duplicates removed (n = 53)
(n=119)

v Full-text articles excluded (n = 51)

Full-text articles assessed for No original research (n = 23)
eligibility »| No hip protector (n=13)
(n=66) Multiprevention program (n = 4)

No economic evaluation (n =9)

Non-English language (n = 2)

Studies included in the
systematic review
(n=15)

Fig. 1 Flowchart of the study selection process

and Australia (n=1). A societal perspective was used in
five studies and in another five studies, a third party payer
perspective. Two studies reported both perspectives [51,
53] one reported a hospital perspective [52] while two
studies did not mention the used cost-perspective [40,
43]. The majority of the studies were model-based, where-
as eight studies used a Markov model, and three studies
used a decision tree. The remaining studies performed a
trial-based economic evaluation [46, 47] or did not spe-
cifically report their study type but were on a mathemat-
ical basis [40, 50]. A lifetime perspective was considered
in eight studies, while one study limited their time horizon
to 17 years since the low probability (i.e. 0.001%) of
survival after this timeframe within their population
[51]. Four studies considered time horizons between 12
and 18 months [42, 46, 47, 50], while two studies did not
report their time horizon [40, 52]. Furthermore, outcomes
were generally expressed in QALYs (n=7), hip fractures
prevented (n=4) or a combination of both (n=2). One
study reported their outcomes as lifetime absolute risk
reduction of fracture per person [48].

Methodological quality

Table 2 represents the individual quality assessment results
per study, and Fig. 2 gives an overview of total scoring per
criteria. Five studies received 100 points [41, 44, 49, 51, 54],
which reflect the highest possible QHES score [39]. Another
eight studies [42, 43, 45-48, 50, 53] reached scores above 75,
indicating high quality studies [39]. In addition, one study [52]
had 73 points indicating fair quality, and another study [40]
had 30 points indicating poor quality [39]. The last study with
the lowest methodological quality according to the QHES
criteria was the first economic evaluation study on hip protec-
tors published in 2000 [40]. Within this study, several major
shortcomings regarding the methodology for evaluation of the
cost-effectiveness analyses were identified, and only 5 out of
the 16 criteria were reported.

Furthermore, the majority of QHES criteria (i.e. criteria 1—
5,7,9-11, 13-15) were reported in at least 75% of the includ-
ed studies. In at least 25% of the studies, incremental analysis
was not performed (i.e. 4 studies); there was no disclosure
regarding the statement of funding described (i.e. 4 studies);
the economic model, study methods and analysis not clearly
or transparent displayed (i.e. 4 studies), or no adequate ana-
lytic time-horizon chosen or discounting used (i.e. 6 studies).
The studies Van Schoor et al. and Meyer et al. received poor
scores on the last two criteria, basically due to the trial-based
study methodology [46, 47]. The time horizons in these stud-
ies were short and therefore also no discounting was per-
formed. Furthermore, due to the trial based methodology, no
additional economic model was used.
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Fig. 2 Quality of reporting of the
hip protector cost-effectiveness
studies per QHES item

Synthesis of results

In Table 3, the main outcome results of the individual eco-
nomic evaluation studies are reported. The hip protector was
solely evaluated in three studies [40, 48, 50] and within 12
other studies compared with no intervention. In three studies,
also the effect of other interventions was studied as an addition
(i.e. drugs, medication review, multifactorial intervention) [44,
45, 54]. Since this was outside the scope of the current study,
only the results of the hip protector compared to no interven-
tion were included in this systematic review. The patient pop-
ulation was a mix of males and females in nearly all studies,
although three studies reported specifically a female predom-
inance (ranging from 69.25 to 90.9%) [46, 47, 53]. Waldegger
et al. evaluated the hip protector solely in females [43].
Moreover, several residence situations were investigated.
Eight studies were performed within a long-term care facility
also referred to as nursing home, institutional care or residen-
tial aged care facilities. Four studies used a combined popula-
tion of community-dwelling and nursing home residents [40,
44, 46, 49]. Stollenwerk et al. examined in two separate stud-
ies the use of hip protector in a geriatric hospital setting [52,
53]. Finally, one study did not report information regarding
the residence situation of their population [41].

Economic evaluation in long-term care facilities

The eight studies that investigated the cost-effectiveness in
long-term care facilities [42, 43, 45, 47, 48, 50, 51, 54] re-
vealed that the hip protector is a cost-effective intervention for
the prevention of hip fractures in males and females, living in
long-term care facilities. Age of the residents ranges from 65
to 85 years old, in the included economic evaluation studies. In
four of these studies, the use of hip protectors was even found
to be dominant (i.e. better outcomes, lower costs) over no

@ Springer

intervention, meaning that the hip protector prevented fractures
from occurring, which subsequently lead to cost savings as a
consequence [42, 43, 45, 51]. One of these four studies,
Gandjour et al. concluded that hip protector use was a domi-
nant strategy irrespectively of the used perspective (i.e. societal
or statutory health insurance perspective) [51]. However,
Sawka et al. described that inclusion of the additional labour
expenditures, with associated extra costs for application of the
hip protector, made cost-savings unlikely [50].

Economic evaluation within a combined population
of community and long-term care residents

Four studies combined community-dwelling residents and
residents living in a long-term care facility in their study [40,
44, 46, 49]. Cost-effectiveness was observed in three studies
using different cost-effectiveness thresholds [40, 44, 49].
Using a general accepted threshold of $50,000 per QALY
[55], Fleurence et al. observed cost-effectiveness in males
and females aged 70 year and older [44]. Furthermore, cost-
effectiveness was greater in individuals with a previous hip
fracture (i.e. high risk population) compared with the ones
without (i.e. general population). Independent from medical
history, hip protector use was dominant in females. Honkanen
et al. (2006) suggested cost-effectiveness of hip protectors in
females aged 75 year and older and in males aged 85 years and
older [49]. Kumar et al. reported cost-effectiveness in females
aged 80 years and males aged 85 years and older and for
residents living in an long-term care facility by using the ar-
bitrary threshold of £7200 that corresponded with the average
cost of treating a hip fracture [40]. However, Van Schoor et al.
observed a comparable treatment effect in the hip protector
group (i.e. 18 fractures in 276 individuals) compared with
no intervention (i.e. 20 fractures in 285 individuals) in their
trial based economic evaluation [46]. Furthermore, the
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average costs per participant was €411 higher in the hip pro-
tector group (n=276) compared with the control group (n=
285), and therefore, the use of hip protectors was not associ-
ated with lower costs.

Economic evaluation within a hospital

Stollenwerk et al. examined in two studies the use of hip
protectors in a geriatric ward of a German hospital [52, 53].
Admitted patients received a hip protector during their in-
hospital stay of on average 15.4 days. The hospital, statutory
health insurance (SHI) and societal perspective were consid-
ered, and in all scenarios was the hip protector a cost-effective
strategy.

Economic evaluation within an undefined residence situation

Only Segui-Gomez et al. did not report information regarding
the residence situation of their cohort [41]. However, the hip
protector was a dominant strategy in females aged 65 years
and older and a cost-effective strategy in males aged over
85 years based on a threshold of $100,000 per QALY.

Discussion

This systematic review identified 15 economic evaluation
studies of hip protectors for the prevention of hip fractures
and suggests that hip protectors are a cost-effective approach
for the prevention of hip fractures in high-risk populations.
First, in all studies, hip protectors have shown to be a cost-
effective strategy for elderly living within a long-term care
facility. Second, wearing of a hip protector in a geriatric ward
of a hospital, where patients admitted to a hospital have the
highest risk of a fall, might also be a cost-effective strategy.
However, more variability regarding cost-effectiveness was
observed within studies that combined community-dwelling
and long-term care facility residents. Of those studies, three
observed cost-effectiveness in males and females although at
different ages ranging between 70 to 85 years old across the
studies [40, 44, 49]. One study did not observe cost-
effectiveness at all [46].

To the best of our knowledge, this is the first systematic
review that includes and evaluates all available economic
studies regarding hip protector use in a standardized and sys-
tematic way. Conclusions of some of the individual hip pro-
tector cost-effectiveness studies were reported in various stud-
ies [23, 31, 56, 57]. However, solely evaluation of the hip
protector, with extensive overview of the individual study
results, systematic comparison and quality assessment of the
studies, was not previously done. Therefore this study present
an overview of the main outcomes and conclusions used in
each of the individual studies, instead of solely reporting cost-

effectiveness conclusions [58]. Furthermore, another
strength of this study was the use of the QHES quality assess-
ment tool for assessment of the methodological quality of the
health economic evaluation studies, since this is a validated
tool that enables to gain insights in the quality of an economic
evaluation study in a reliable fashion [37-39].

Despite comparable results between various cost-effectiveness
studies, some limitations have to be acknowledged. First, an
important difference was the hip protector effectiveness for
prevention of hip fractures that varied between the economic
evaluation studies from 18 to 75% compared with no inter-
vention [44, 53]. Some of the included studies [40, 41, 48, 52]
used randomized control trials [59—62], while others [42, 44,
51, 53, 54] based their effectiveness on extensive systematic
reviews [23, 31-33] whereas another group of studies [43, 45,
49] estimated the hip protector effectiveness by combining
results of several studies. However, hip protector effectiveness
remains an ongoing topic of debate and is highly discussed
previously [23, 30-34]. The most recent Cochrane systematic
review reported that effectiveness was overestimated in stud-
ies until 2001 [23]. For instance, studies reported effectiveness
rates between 53 and 67% [59—61]; however, various meth-
odological issues and reasons were discussed in previous pub-
lished literature leading to such high effectiveness rates [23,
63]. Currently, the most recent Cochrane systematic review
from Santesso et al. [23], which was an update of previous
published systematic reviews [31-33], reported a risk ratio
(RR) within a long-term care facility of RR 0.82 (range 0.67
to 1.00) indicating 18% reduction of hip fractures by the use of
a hip protector [23]. No significant effects were observed by
providing hip protectors to the community [23]. A drawback
of the included economic evaluation studies published before
2008 is that those studies applied risk reductions that were
most likely estimated too high (i.e. 43 to 75%) [40-45,
48-50]. Based on the current insights on hip protector effec-
tiveness, previous studies probably overestimated the hip pro-
tector effectiveness, leading to overestimated cost-effective-
ness levels. However, more recent cost-effectiveness analyses
that used the current, more realistic and thus lower estimations
for effectiveness rates (i.e. 18 to 23%) as reported in updated
systematic reviews of 2006, 2010 and 2014 [23, 31, 33], still
concluded that hip protector use was a cost-effective interven-
tion in the prevention of hip fractures in long-term care facil-
ities and geriatric hospitals wards [51, 53, 54].

Second, adherence is a key factor that influences hip
protector effectiveness as reported by previous published
studies [30, 35]. Adherence was reported and taken into
account in various modelling studies with levels varying
from 25 to 100% [40, 41, 43-45, 48, 50-52]. In some
studies, adjustments were made for clinical effectiveness
and QALY decrements taken into account due to the dis-
comfort and inconvenience of the hip protector [41, 49,
53]. The most realistic estimation of adherence to the hip
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protector is still unclear [23, 29, 30, 35]. An increase in
adherence might lead to a considerable increase of hip
protector effectiveness [29, 30, 35]. Several recommenda-
tions are described such as improvements in comfort and
ergonomics, promotion of hip protectors at institutional
level rather than at community level and motivation and
education of staff leading to a more interdisciplinary ap-
proach [29, 30, 35].

Third, besides differences between studies regarding input
parameters such as, clinical effectiveness and adherence to the
therapy, some variability exists between assumptions and
choices made in the methodology, which subsequently im-
pacts cost-effectiveness as well. For instance, the societal
and third party payer perspectives were the most frequently
used perspectives within the economic evaluation studies,
whereas the societal perspective is a broad approach that in-
corporates all types of costs related to the health care interven-
tions (e.g. health care costs, rehabilitation costs) and other
non-health related costs (e.g. costs related to productivity
losses at work), while a third party perspective or payer per-
spective only includes costs related to the health care sector
(i.e. medical costs) [64, 65]. However, the chosen perspective
was not directly related to the conclusions of the individual
studies since comparable results on cost-effectiveness were
found despite the differences in cost perspective. Despite the
differences in perspectives stated, also differences existed in
the costs that were considered in a certain defined perspective.
For instance, rehabilitation costs were not included in two
studies that used a societal perspective [41, 45], while
most others with the same perspective did include these in
their costs calculations [42, 46, 49, 51, 53]. However, besides
the variability in included costs, cost-effectiveness was ob-
served in most of the individual studies. In addition, the effects
and costs of additional nursing time related to the application
and use of the hip protector in a long-term care facility has yet
to be investigated since Sawka et al. found that inclusion of
these costs leads to disappearance of cost savings [50]. This
was based on an addition of 5 minutes to the total
daily nursing time for daily application and removal of the
hip protectors, which would lead to a yearly cost of $413 for
application of the hip protector for one resident. These extra
costs, seem to be overestimated and not directly necessary
since application and removal can be performed in the same
time when a patient will change their regular clothes or
underwear.

Fourth, another driver of costs that varied between studies
was the amount of hip protectors that was needed per person
and the related annual replacements. In most studies, 3 to 4 hip
protectors per person per year were considered as a realistic
amount [40, 42, 45,47, 48, 50, 54], while all amounts between
1 to 7 hip protectors per person per year have been used in
other studies [41, 43, 44, 49]. Also no universal cost-price per
hip protector was reported, but different prices per study. The

@ Springer

total annual costs varied between $50 US dollars and $322
Canadian dollars ($244 US dollars) [41, 43]. In summary,
heterogeneity between the studies exists, but cost-
effectiveness of the hip protector for the prevention of hip
fractures was observed in nearly all studies.

Next to the heterogeneity, a limited number of studies in
community-dwelling residents were identified. Only four
studies investigated both community-dwelling and long-term
care residents in their study, whereas only the study of Kumar
et al. analysed these groups individually [40]. In the other
studies, community-dwelling and nursing home residents
were not individually analysed and therefore no solely evalu-
ation of this group was available [44, 46, 49]. Thereby, Kumar
et al. was the first cost-effectiveness study regarding the use
of hip protector. Within this study, major methodological
shortcomings were observed, which is also reflected by the
low QHES score of 30 indicating poor methodological quality
[39]. Furthermore, Van Schoor et al. was the only study who
did not observe cost-effectiveness in the mixed population of
community-dwelling and long-term care residents. However,
in this trial-based study was no statistical significant difference
in the incidence of hip fractures observed between the groups
with and without hip protectors. Therefore, only cost were
evaluated, which are estimated to be higher in the hip protec-
tor group, since such protectors have to be purchased and
annually replaced. Furthermore, this was a trial based eco-
nomic evaluation, with a small mixed cohort, a short follow-
up period on average of 69.6 weeks and was hip protector
adherence low compared to other economic evaluation stud-
ies. Finally, the two other economic evaluation studies ob-
served cost-effectiveness; however, due to different subgroup
analysis, no direct trends were observed [44, 49].

In three of the included economic evaluation studies,
hip protectors were also compared with vitamin D and/or
calcium supplementation besides the ‘no intervention’
comparison [44, 45, 54]. Fleurence et al. and Singh
et al. observed that hip protectors were a superior cost-
effective intervention for the prevention of hip fractures
compared with vitamin D and calcium supplementation
[44, 45]. However, Church et al. observed the opposite
and suggested that vitamin D was a superior cost-
effective intervention compared to hip protector use [54].
A reasonable possible explanation for these differences
could be the previous discussed clinical effectiveness rates.
Fleurence et al. and Singh et al. published in 2004 used
more optimistic effectiveness rates compared with the
study of Church et al. published in 2015.

Previously published clinical research has suggested that
multifactorial interventions in long-term care facilities might
be more beneficial than single interventions alone [63, 66, 67].
Multifactorial interventions could be combinations of, envi-
ronmental adaptation, resistance training, balance exercises,
provision of hip protectors and supplementation with calcium
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and/or vitamin D or other drugs for treatment of osteoporosis
[66, 68]. Therefore, combinations of the (cost-effective) hip
protector and other cost-effective preventive strategies (e.g.
drugs) could be interesting options and needs to be further
investigated [69]. Miiller et al. is currently the only cost-
effectiveness study that examined a multifactorial fall preven-
tion program including the hip protector within a long-term
care facility [68]. The program included education, exercises
offered in groups, a hip protector and assessment of personal
surroundings of a resident in a nursing home. This multifac-
torial fall prevention program resulted in a cost-effectiveness
ratio of €21,353 per QALY compared to no fall prevention,
indicating that a multifactorial facture prevention program
might be a cost-effective intervention for fracture prevention
in long-term care facilities [68]. Other combinations such as
vitamin D and/or calcium supplements and the hip protector in
a long-term care facilities have to be investigated. Further
research is recommended in order to obtain the most cost-
effective multifactorial prevention program.

In conclusion, this systematic review suggests that hip pro-
tectors are a cost-effective approach in the prevention of hip
fractures for elderly living within a long-term care facility or
admitted to a geriatric ward of a hospital. No weighted con-
clusion regarding cost-effectiveness can be drawn regarding
community-dwelling residents. Future studies towards
community-dwelling populations that stratifies for age and
gender as well as other potential risk factors (e.g. comorbidi-
ties, previous fractures, body mass index) are needed in the
specification of community-dwelling patient populations that
may benefit from the hip protector and in which of these
patients it may be a cost-effective intervention.
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