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Abstract

Falls and hip fractures are a major health concern among older adults in long term care

(LTC) with almost 50% of residents experiencing a fall annually. Hip fractures are one of the

most important and frequent fall-related injuries in LTC. There is moderate to strong cer-

tainty evidence that multifactorial interventions may reduce the risk of falls and fractures;

however, there is little evidence to support its implementation. The purpose of this study

was to determine the feasibility (recruitment rate and adaptations) with a subobjective to

understand facilitators to and barriers of implementing the PREVENT (Person-centred Rou-

tine Fracture PreEVENTion) model in practice. The model includes a multifactorial interven-

tion on diet, exercise, environmental adaptations, hip protectors, medications (including

calcium and vitamin D), and medication reviews to treat residents at high risk of fracture.

Our secondary outcomes were to determine if there was a change in knowledge uptake of

the guidelines among healthcare providers and in the proportion of fracture prevention pre-

scriptions post-intervention. We conducted a mixed-methods longitudinal cohort study in

three LTC homes across southern Ontario. A local champion was selected to help guide the
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implementation of the model and promote best practices. We reported recruitment rates

using descriptive statistics and challenges to implementation using content analysis. We

reported changes in knowledge uptake and in the proportion of fracture prevention medica-

tions using the McNemar’s test. We recruited three LTC homes and identified one local

champion for each home. We required two months to identify and train the local champion

over three, 1.5-hour train-the-trainer sessions, and the local champion required three

months to deliver the intervention to a team of healthcare professionals. We identified sev-

eral facilitators, barriers, and adaptations to PREVENT. Benefits of the model include easy

access to the Fracture Risk Scale (FRS), clear and succinct educational material catered to

each healthcare professional, and an accredited Continuing Medical Educational module for

physicians and nurses. Challenges included misperceptions between the differences in fall

and fracture prevention strategies, fear of perceived side effects associated with fracture

prevention medications, and time barriers with completing the audit report. Our study found

an increase knowledge uptake of the guidelines and an increase in the proportion of fracture

prevention prescriptions post-intervention.

Introduction

Falls and hip fractures are a major health concern among older adults [1]. An estimated one in

three individuals aged 65 years and older fall each year, and almost half of individuals living in

long term care (LTC) fall annually [2]. Hip fractures in residents living in LTC are devastating

and are likely to increase with current demographic trends in aging [3–5]. Each year, almost

50% of residents in LTC facilities fall at least once, and 40% of residents fall twice or more

[4,6]. Of those LTC residents that fall, 10% to 25% of falls are associated with serious injuries

requiring medical treatment with 2% to 6% resulting in fractures of the hip, wrist, or vertebra

[7–9]. Hip fractures are particularly devastating as both mobility and the capacity to live inde-

pendently are affected [4,7–9]. Moreover, about half of the residents in LTC who experience a

hip fracture may die within the next year or develop total dependence within six months of

their hip fracture [4,7–9]. Thus, interventions to reduce falls and fractures in LTC are impor-

tant to decrease morbidity and mortality.

In 2015, the Canadian recommendations for preventing fractures in LTC were released to

facilitate the evidence-based decision-making process [10]. Indeed, guidelines have the

capacity to promote high quality practice informed by evidence, enable appropriate resource

allocation, and advance research by identifying knowledge gaps [11]; however, the existence

of guidelines alone is not enough to change practice [11,12]. The lack of guideline uptake in

practice is evident with the high morbidity and mortality associated with fractures in LTC

[13]. The major gap is the limited evidence on effective knowledge translation strategies to

prevent falls and fragility fractures in residents who are at high risk of fractures [13–15].

Active strategies that utilize an integrated knowledge translation approach may help to

uptake guidelines into practice [13]. Current methods to uptake guidelines involve co-devel-

oping models with end-users and stakeholders and piloting their implementation under

real-world conditions.

PREVENT (Person-centred Routine Fracture PreEVENTion) is an educational outreach

model for delivering routine assessments on fall and fracture prevention to healthcare provid-

ers working in LTC. The model includes a multifactorial educational intervention on diet,
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exercise, environmental adaptations to reduce falls, hip protectors, medication (including cal-

cium and vitamin D), and medication reviews. The educational material in the model aligns

with the 2015 Canadian evidence-based recommendations [10] and with recommendations

from Australia and the USA [16]. The model utilizes a multifactorial knowledge mobilization

strategy that engages the entire multi-disciplinary LTC team (e.g., physicians, nurses, physio-

therapists, dietitians, personal support workers) and builds automated identification and treat-

ment of high-risk fractures into routine care processes.

The PREVENT model may have several benefits including reducing falls and fractures

and improving quality of life of residents in LTC. Before a trial can be implemented to deter-

mine the effectiveness of the PREVENT model in practice, we need to determine the feasibil-

ity of implementing the model under real-world conditions. The purpose of the iCare study

was to determine the feasibility of implementing the PREVENT model, herein known as

PREVENT, to healthcare providers in LTC. The iCare study is the feasibility study and proj-

ect name. Our secondary outcomes were to determine if PREVENT improved knowledge

uptake of the Canadian recommendations [10] and increased the proportion of fracture pre-

vention prescriptions post-intervention. We selected the proportion of change in fracture

prevention medications as our secondary outcome since fracture prevention medications

currently have the highest certainty of evidence to reduce the risk and the rate of fractures

[17,18].

Methods

Study design

We conducted a longitudinal cohort study in three LTC homes across Ontario. We conducted

our study in accordance with the STROBE 2007 guidelines (S1 Table) [19,20] and TIDieR

2014 checklist (S2 Table) [21]. We registered our study on clinicaltrials.gov on June 30, 2022

(NCT05445336); we updated the registry on December 18, 2023. Our study was reviewed and

approved by the Hamilton Integrated Research Ethics Board (Project ID 14463).

Study setting

Between January to June 2022, we sent emails to five organizations operating several LTC

homes in Ontario; only two organizations were interested in participating in our study. One

organization recruited one LTC home, while the second organization recruited two homes.

We recruited one for-profit and two not-for profit homes, herein known as Home A, 120 beds,

Home B, 425 beds, and Home C,240 beds. All three homes are located in southern Ontario,

Canada in large metropolitan cities.

Knowledge translation model

PREVENT is an organizational-level, service provision approach that embeds falls and fracture

assessment and management strategies in LTC. The model utilizes several intervention func-

tions and behaviour change techniques based on the Behaviour Change Wheel (Table 1)

[20,22]. The PREVENT components can be found in S1 File.

PREVENT was designed to be integrated into regularly scheduled healthcare sessions

(e.g., Professional Advisory Committee, Falls Committee), which may occur quarterly in

LTC. We identified a local champion to help guide the implementation of the model and

continue to promote best practices [21]. The standardized model includes: 1) train-the-

trainer sessions with the local champion [23]; 2) a multidisciplinary educational session with

fracture prevention care recommendations and real-world case studies [24]; 3) orientation
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to the Fracture Prevention Toolkit developed by the lead researcher (IBR) that is provided to

each home to access the Fracture Risk Scale (FRS) which identifies residents at high risk of

fracture (score between 4 to 8) and low risk of fracture (score between 1 to 3) [25], templates,

standard order sets, and quick reference guide to the 2015 Canadian LTC fracture prevention

guidelines; 4) an audit and feedback report developed by the local champion for physicians

and healthcare providers regarding the number of residents at high versus low risk of frac-

ture, number of residents who have experienced a fragility fracture in the last six months,

and the number of high fracture risk residents on a fracture prevention medication (see S3

Table) [26]; and 5) implementation intentions that include an implementation intentions

template and care planning template. We utilized a three-step process to implement PRE-

VENT. In step one (train-the-trainer), the research team (IBR, GI and LK) worked with each

home to identify a local champion. We sought champions who the home considered trust-

worthy and influential, acted as a role model for behaviour change, supported and legiti-

mized the work, provided a mechanism of communication between the research team and

healthcare providers in LTC, and serviced to sustain long term gains [21]. The lead investiga-

tor (IBR) met with each local champion using an online platform (i.e., Zoom) and in-person

at the LTC home to review how to deliver PREVENT, which included reviewing how to use

the FRS to identify residents at high and low risk of fracture [25], a training manual (see S2

File), Fracture and Fall Prevention Guide (S3 File), educational module, and other point of

care tools. Our processes were guided by the Getting to Outcomes Framework, which

includes a 10-step program for implementing, evaluating, and continuously improving pre-

vention programs [27]. In step two, the local champion adapted the educational meeting to

the LTC home and developed the audit and feedback report. During the third step, the local

champion presented the adapted PREVENT material during the educational session to a

leadership team consisting of physicians, nurse practitioners, registered nurses, dietitians,

physiotherapists, kinesiologists, personal support workers, and interRAI coordinators. Dur-

ing the meeting, the leadership team also brainstormed and implemented intentions and

care plans to identify and treat residents at high risk of fracture. LTC homes received remu-

neration for their participation in the study.

Table 1. Intervention functions and behaviour change techniques used in PREVENT.

Intervention

function

Definition of intervention function Behaviour change technique Behaviour change

technique example

Education Improving knowledge and understanding of roles and responsibilities for key

healthcare professionals responsible for service provision and improving knowledge

through a community of practice (21)

• Feedback on behaviour

• Prompts/cues

• Self-monitoring of

behaviour

• Audit and Feedback

Report

Training Providing key professionals with core skills in management and leadership (21) • Demonstration of the

behaviour

• Instruction on how to

perform a behaviour

• Train the trainer

• Educational videos

Modelling Discussion of identified successful strategies for change within network (21) • Demonstration of the

behaviour

• Train the trainer

• Educational videos

• Training manual

• Fracture and Fall

Prevention Guide

https://doi.org/10.1371/journal.pgph.0003096.t001
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Intervention timeline

Intervention Timeline

Month 1 and

Month 2

1. LTC home recruitment

2. Identify local champion

Month 3 1. Train-the-trainer to prepare audit and feedback report and adapt/deliver the

educational module

Interactive Session 1

Month 4 1. Local champion leads education module with the leadership team

2. Audit and feedback report review

3. Develop action and care plan

Months 4 to

Month 6

1. LTC home implements action and care plan

Interactive Session 2

Month 7 1. Focus group with local champion and leadership team to understand barriers,

facilitators, and adaptations

2. One-on-one interview with local champion to understand barriers, facilitators, and

adaptations

Inclusion/Exclusion criteria

As this is a pragmatic study, our inclusion and exclusion criteria were broad and generalizable

to represent real world practice. Our organizational level inclusion criterion was to include

LTC homes with a minimum of 70 beds. At the individual level, we recruited one local cham-

pion in each home who was identified by the home’s executive team and had most of the fol-

lowing characteristics: influence, ownership, physical presence at the point of change, grit,

persuasiveness, and participative leadership style [25].

Outcomes

Primary outcome. The primary outcome was feasibility of implementation defined by the

number of LTC homes recruited within two months, length of time for the local champion to

deliver the PREVENT program, and to determine the logistics of developing the audit and

feedback report (Table 2) [28]. A fidelity checklist was developed by the lead investigator (IBR)

and defined using a five-step guide proposed by Michie and colleagues [29,30]. The fidelity

checklist assessed domains related to preparing the educational session (e.g., audit reporting,

scheduling a date and time for the leadership team to meet), presenting the educational session

Table 2. Feasibility outcomes and criteria for success [28].

Feasibility outcomes Criteria for success

Recruitment rate (organizational level–length of time to

recruit three LTC homes)

• Recruit three LTC homes in Ontario within 2

months

Recruitment rate (participant level—length of time to

identify and train local champion)

• Two months to identify, meet, and train local

champion

Determine challenges to deliver the PREVENT model and

program

• � 80% on the fidelity checklist

• Identify facilitators of and barriers to

implementation during the focus group

Determine challenges in linking the data for the audit and

feedback report

• Identify facilitators of and barriers to developing the

audit and feedback report

https://doi.org/10.1371/journal.pgph.0003096.t002
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(e.g., reviewing the FRS and guidelines, developing and reviewing the audit and feedback

report), and leading discussions on the action and care plan processes. The fidelity checklist

included 23 items, and each item was rated from 0 (action was not completed), 0.25 (action

was 25% completed), 0.50 (50% completed), 0.75, and 1.00. A total score of 85% (20/23) was

considered good fidelity, moderate between 50% to 84%, and poor <50% [29,30]. The fidelity

checklist was completed by the lead investigator (IBR) during each of the three education ses-

sions. To understand adaptations after implementing the intervention, we held focus groups

with the local champion and healthcare team. Focus groups were recorded and transcribed

verbatim. Moreover, informal one-on-one interviews were held with each local champion

using open-ended questions to identify adaptations to the model. These interviews were held

three months after the educational session and were not recorded.

Secondary outcomes. Our secondary outcomes were to determine if there was a change

in knowledge uptake and in the proportion of fracture prevention medication prescriptions

before and after the intervention based on the audit report. We assessed change in knowledge

uptake using a McNemar test. First, the research team developed a case study of a typical resi-

dent living in LTC. Next, healthcare providers were asked to complete a series of multiple-

choice questions about identifying the residents FRS, prescribing medications, using calcium

and vitamin D supplements, prescribing exercise, conducting an environmental hazard scan,

and using hip protectors. Immediately following the education session, we asked healthcare

providers to repeat the same multiple-choice questionnaire. Data on fracture prevention pre-

scriptions were collected at baseline (six months prior to implementing the intervention) and

post-intervention (three to four months after the intervention). We collected information on

the number of residents at high risk or low risk of fracture using the FRS, the number of resi-

dents on a fracture prevention medication (e.g., bisphosphonates, denosumab), and the num-

ber of osteoporotic fractures at baseline and post-intervention. We defined fractures as any

major osteoporotic fracture of the hip, pelvis, vertebrae, or distal radius [31,32]. A list of frac-

ture prevention medications is provided in S3 Table.

Statistical analysis

We reported our recruitment rates and fidelity scores using descriptive statistics as a total

score or value. Results of the focus groups were reported using content analysis and the pri-

mary author (IBR) coded the data and met to discuss and compare the codes with two co-

authors with experience in content analysis (LK or LH) [33]. Demographic characteristics of

the local champion and leadership team were collected and reported using the number of indi-

viduals and a percentage. To assess change in knowledge uptake, we conducted a McNemar

test for two related samples, for those who completed both pre- and post-assessments and

reported the results using an exact significance (2-tailed). To report changes in fracture pre-

vention medications, from the audit report, we conducted two data pulls at baseline and post-

intervention; we included residents who “moved-in” (i.e., moved into the home during the

post-intervention phase) in the analysis. We reported the results using a McNemar’s Test.

Quantitative results were analyzed using IBM SPSS Statistics for Windows, version 28

(Armonk, NY: IBM Corp) and qualitative transcripts were analyzed using NVivo, version 14

(QSR International Pty Ltd, Doncaster, VIC, Australia).

Results

Feasibility

We recruited three LTC homes between October 2022 and February 2023; our recruitment

process was impacted by residual COVID-19 complications (Fig 1). After we identified a
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home, the home’s administrative team took about a month to identify a potential local cham-

pion. Local champions included a kinesiologist and two nurse practitioners. Subsequently, our

research team met with the local champion to complete the train-the-trainer sessions. Our

research team completed two, one-hour train-the-trainer sessions with Home A; however,

based on feedback from Home A, a third train-the-trainer session was added. The local cham-

pion led the third session where they practiced delivering the educational module to the

research team. Homes B and C received three training sessions, each session was 1.5 hours in

Fig 1. STROBE flow chart. STROBE, Strengthening the Reporting of Observational Studies in Epidemiology.

https://doi.org/10.1371/journal.pgph.0003096.g001
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length (see S4 Table). After the train-the-trainer sessions, the local champion required at least

three months to review the educational materials, adapt the material to their home, and

develop the audit and feedback report. The characteristics of the local champion and leader-

ship team are presented in Table 3. PREVENT requires at least 10 to 12 months per home to

recruit, train, and implement.

We had a diverse group of healthcare professionals on the leadership team (Table 3). In

Home A, the local champion recruited ten healthcare professionals on the leadership team, in

Home B, 19 healthcare professionals, and in Home C, 12 healthcare professionals. The atten-

dance rate during the leadership team for Home A was 90% (9/10), Home B, 84% (16/19), and

Home C, 90% (10/11). Fidelity scores ranged from moderate to good (Table 3).

Table 3. Local champion and leadership team characteristics (n = 3).

Home A (k = 10) Home B (k = 19) Home C (k = 11)

Local champion

Highest level of education College University/post-graduate University/post-graduate

Fidelity score (total score 23 points) 19.75/23 (86%) 20.25/23 (88%) 20.00/23 (87%)

Leadership team

Sex (female), n (%) 8 (80%) 8 (42%) 10 (91%)

Level of Education, n (%)

College 5 (50%) 4 (21%) 1 (9%)

University 5 (50%) 8 (42%) 9 (82%)

Prefer not to answer 0 (0%) 7 (37%) 1 (9%)

Role in LTC home, n(%)

Physician 0 (0%) 4 (21%) 1 (9%)

Pharmacist 0 (0%) 1 (5%) 1 (9%)

Administrator 1 (10%) 1 (5%) 0 (0%)

Director of care/Nursing director 1 (10%) 2 (11%) 1 (9%)

Neighbourhood coordinator 2 (20%) 4 (21%) 2 (18%)

Dietitian 0 (0%) 1 (5%) 1 (9%)

Nurse practitioner 0 (0%) 1 (5%) 2 (18%)

Nursing student 1 (10%) 0 (0%) 0 (0%)

Registered nurse 1 (10%) 0 (0%) 0 (0%)

Rehabilitation specialist/Physiotherapist 2 (20%) 2 (11%) 2 (18%)

Personal support worker 2 (20%) 3 (16%) 1 (9%)

Length of time worked within current profession in LTC, n (%)

< 1 year 2 (20%) 1 (5%) 1 (9%)

1 to 2 years 0 (0%) 2 (11%) 1 (9%)

3 to 5 years 2 (20%) 1 (5%) 1 (9%)

> 5 years 5 (50%) 8 (42%) 7 (64%)

Prefer not to answer 1 (10%) 7 (16%) 1 (9%)

Length of time providing care to residents at risk of falls and fractures, n (%)

< 1 year 2 (20%) 1 (5%) 1 (9%)

1 to 3 years 1 (10%) 0 (0%) 1 (9%)

3 to 5 years 6 (60%) 10 (53%) 8 (73%)

> 5 years 1 (10%) 1 (5%) 0 (0%)

Prefer not to answer 0 (0%) 7 (16%) 1 (9%)

https://doi.org/10.1371/journal.pgph.0003096.t003
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Challenges, successes, and adaptations

During the focus group, each home identified similar barriers to and facilitators of implement-

ing PREVENT in practice (see S5 Table).

Challenges. Challenges to implementing PREVENT included having an unclear sustain-

ability strategy, misperceptions between fall and fracture prevention strategies, fear of prescrib-

ing fracture prevention medications, and time barriers with completing the audit report.

During the focus group, the local champion expressed that it was unclear who would sustain

the role of implementing PREVENT after the research team had left; but Home C suggested

the falls program leaders and/or staff educators should be involved upon study completion to

sustain practices. The local champion cited lack of time and other commitments as a barrier to

sustaining the model; all three champions noted that a major barrier was dedicating time to

the audit and feedback report. To manually extract the data and link the variables to each resi-

dent for the audit report, the local champion required at least one full day per week for five

weeks (i.e., 40 hours total). Moreover, several leadership members were unsure of the imple-

mentation plan after identifying a resident at high risk of fracture:

“I found myself often sometimes ignoring the prompts for FRS<Fracture Risk Scale> unless
there was a specific reason. Cold calling families to say your fracture risk scale is high, and
that’s the only reason I’m calling is weird.”

[Home B]

Several healthcare professionals on the leadership team felt the strategy to prevent frac-

tures (i.e., PREVENT) was akin to their current fall prevention strategy. It was perceived

that if a healthcare professional could prevent a fall, it would translate to preventing a

fracture.

“I think a lot of homes already are looking at all the PREVENT aspects, it’s just not known as
PREVENT or they’re not grouping them together, but I think it’s just something that’s already
being looked at from all the different disciplines.”

[Home A]

Other healthcare providers believed PREVENT was a tool to ensure the staff were per-

forming their fall prevention duties, rather than a model of change to prevent fractures in

LTC.

“It’s worked well just as a tool to let us know if there’s any missing boxes that we’re not check-
ing for fracture prevention. It’s very helpful with just making sure we’re looking at everything
and yea, just crossing off any things we can possibly to do help the residents.”

[Home A]

Additionally, several healthcare providers were unsure about the ethical implications of pre-

scribing fracture prevention medications to residents at high risk of fracture. The main barrier

to prescribing medications was fear of side effects (i.e., osteonecrosis of the jaw, atypical femur

fractures, hypocalcemia). Some providers were also concerned about the ethical implications

of prescribing fracture prevention medications to residents who could not consent or had lim-

ited knowledge of the medication.
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“We are worried that, we weren’t overly confident that would lead to prescription. So there
was a trigger. We didn’t know if they were going to have informed consent and we didn’t
know if our nursing staff knew enough about these medications to provide it”

[Home B].

Successes. Despite some challenges, we also identified several facilitators to our model.

Facilitators included easy access to the FRS, clear and succinct educational material catered to

each healthcare professional, and an educational module with an accredited program for phy-

sicians and nurses. All three homes deemed it beneficial to have the educational module deliv-

ered in person. We also received positive feedback on the type of information included in our

educational module. In particular, healthcare providers found it helpful to review real-world

case studies followed by discussions and suggestions to overcome barriers to implementation

(e.g., using hip protectors for residents with incontinence).

“A visual to see the walkers and those pieces, I think even the slide with the hip protectors, like
how to apply them and which ones were incorrect. I think that’s a nice reminder because I
didn’t even know how to position them correctly and I didn’t even have awareness of the FRS.
Like I kind of knew like our FRAT<Falls Risk Assessment Tool> score and our falls risk,
and when I go to my units I know who the falls, the higher risk of falls are but I didn’t, and
then I just thought of them like okay, we have hip protectors for them, like what are we doing
about it but I didn’t necessarily do a full review of like let’s look at their meds and let’s look at
their hips, are they wearing hip protectors, what are they, let’s look at all these other things. I
wasn’t sort of looking at that.”

[Home C].

Adaptations. The process of developing and implementing models into practice is an iter-

ative process. Through this process, we recognized three adaptations to the PREVENT model

including identifying additional characteristics for a successful local champion, developing an

automated audit report, and creating tools to facilitate conversations for prescribing fracture

prevention medications. It was suggested that the role of the local champion include co-cham-

pionship with at least two healthcare professionals to help manage the implementation pro-

cess. Suggested co-championship included one champion be either a registered nurse or a

nurse practitioner and the second champion be a registered practical nurse or resident care

manager. The benefit of including a resident care manager as a local champion is their estab-

lished rapport with residents and caregivers, and their knowledge of daily practices and the

types and frequency of assessments being done. Furthermore, the local champion must have a

basic understanding of medications and have strong collaborations with other healthcare pro-

viders including physicians, nurses, dietitians, pharmacists, and physiotherapists. Additional

co-champions may include a restorative care coach, RAI coordinator, and falls program lead.

Home C described certain characteristics that may make a good local champion including

someone who is interested and passionate about fracture prevention, willing to make change

happen, and a good communicator. Other adaptations for future practice include working

with the electronic medical record company to automate the audit report process, develop

conversational toolkits (e.g., between nurses and residents) to aid dialogues about fracture pre-

vention, and develop one-page educational guides for healthcare professionals and residents

about the side effects of fracture prevention medications.
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Knowledge uptake

We found that the educational module improved knowledge uptake of the LTC recommenda-

tions among healthcare providers. Knowledge uptake increased by 25% (pre = 57/108 = 52.8%

versus post = 84/108 = 77.8%, p-value < 0.01). A knowledge uptake subset analysis was per-

formed to assess healthcare providers knowledge surrounding FRS scores, corresponding frac-

ture risk, administrating fracture prevention medications and supplements (calcium and

Vitamin D), using hip protectors, and appropriate exercise. Results of this analysis indicate

that knowledge uptake also increased by 25% (pre = 50/99 = 50.5% versus post = 75/

99 = 75.8%; p-value < 0.01).

Healthcare professional in Home B were prompted by the PREVENT model to develop and

implement a “Fracture Prevention in LTC Order Set” as a multidisciplinary approach to care.

Physicians, nurse practitioners, physiotherapists and dietitians used this order set at the time

of study to review criteria for high fracture risk and non-pharmacological and pharmacological

medical orders for residents living in their home. Furthermore, use of the order set will be

rolled out to nurses who were identified as a key facilitator to integrate this tool into practice

across the home. Changes in healthcare provider behavior and practice were also observed in

Home C where providers reported greater awareness of the fracture risk scale and residents’

fracture risk. They also shared that their pharmacist now reviews fracture risk during quarterly

assessments and implemented a formal policy for hip protectors, which was previously lacking.

Additionally, this home integrated the FRS Manual Calculation Tool into their admission pro-

cess, ensuring that residents receive a fracture risk score upon admission.

Audit report

The results of the audit report are shown in Table 4. Home A results indicated the number and

percentage of residents at high risk of fracture on fracture prevention medications increased

by 16.5% (pre = 19/97 = 19.6% versus post = 35/97 = 36.1%; p-value = 0.005). Non-statistically

significant results were found for the number of residents at high risk of fracture changed by

6.2% (pre = 52/97 = 53.6% versus post = 58/97 = 59.8%; p-value = 0.41) and the number and

percentage of residents who sustained a fragility fracture in the last six months did not change

(pre = 3/97 = 3.1% versus post = 3/97 = 3.1%; p-value = 1.0). Home B reported an absolute

change of 3% (31% at baseline and 34% post-intervention), while Home C increased by 11%

(26% at baseline and 37% post-intervention).

Discussion

Falls and hip fractures are a major health concern among older adults living in LTC [4,7–9].

The purpose of the iCARE study was to determine the feasibility (recruitment rate, barriers,

Table 4. Aggregated pre-and-poster audit report.

Homes A, B and C

Pre-intervention Post-intervention

Total number of residents in Home A, B, and C 748 745

# high fracture risk residents (%) 430 (57%) 433 (58%)

# low fracture risk residents (%) 315 (42%) 306 (41%)

# of residents that sustained a fragility fracture (%) 22 (3%) 28 (4%)

# high fracture risk residents on fracture medications (%) 122 (28%) 153 (35%)

Note: The number of residents pre-and-post intervention are different because of the “moved-in” (i.e., moved into

the LTC home) and “moved-out” (i.e., passed away).

https://doi.org/10.1371/journal.pgph.0003096.t004
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facilitators, adaptations) of implementing PREVENT in three LTC homes in Ontario, Canada.

The model includes a multifactorial intervention on diet and supplements, exercise, environ-

mental adaptations, hip protectors, and medication reviews to treat residents at high risk of

fracture [10]. The standardized model utilizes local champions, educational outreach methods,

audit and feedback reports, and implementation intentions to change behaviour. Although we

did not meet our recruitment criterion to recruit three homes in two months, our process was

affected by residual COVID-19 complications. Nevertheless, it is possible to recruit LTC

homes by accounting for a longer recruitment period (i.e., three homes over five months). We

did meet our criterion to recruit a local champion and provide training within our timeframe.

Our local champions successfully delivered PREVENT with a fidelity score ranging from mod-

erate to good. We identified several barriers, facilitators, and adaptations to PREVENT. Bene-

fits of the model include easy access to the FRS, clear and succinct educational material catered

to each healthcare professional, and an accredited educational module for physicians and

nurses. Few challenges such as misperceptions between the differences in fall and fracture pre-

vention strategies, fear of prescribing fracture prevention medications, and time barriers with

completing the audit report were identified. Our study also found an increase in knowledge

regarding recommendations for preventing falls and fractures, which led to creation of new

order sets and site-specific policies and implementation of the FRS manual calculation tool.

An increase in the proportion of fracture prevention prescriptions post-intervention was also

found. The development and implementation of knowledge translation models is an iterative

process. This study identified additional changes to PREVENT including co-champions, auto-

mated audit reports, and tools to facilitate conversations when prescribing fracture prevention

medications.

Effective and sustainable knowledge translation models are essential to encourage the

uptake of evidence-based practices [12]. The greatest drawback is that there is limited evidence

on effective and sustainable models in LTC practice and such models may not be generalizable

from one setting to another [15]. Compared with community or acute care settings, there has

also been limited implementation models for LTC, especially focused on fracture prevention.

PREVENT is a scalable educational outreach model that utilizes a multifactorial intervention

to reduce falls and fractures among residents in LTC [34]. Our study provides preliminary

data that suggests PREVENT may be feasible within the LTC setting, particularly when struc-

tured to fit the unique practice environment and organizational structure. Most knowledge

translation models have been evaluated in non-LTC settings [34]. A 2009 Cochrane review

reported improvements in care that ranged from 4% to 12% using educational meetings, edu-

cational outreach programs, local champions, audit and feedback reports, and computerized

reminders [34]. When designing PREVENT, we utilized such techniques (e.g., educational

meetings, local champion, audit and feedback) as a method to change behaviour

[21,24,26,34,35]. We observed improvements in the proportion of fracture prevention medica-

tions before and after the intervention, although some results were not statistically significant

for specific homes. We saw greater improvements in prescriptions being filled in homes that

had a lower rate of medication use. We specifically focused on fracture prevention prescrip-

tions as the highest certainty of evidence to reduce the rate and risk of fractures is using such

medications [17,18]. We hypothesize that an increased uptake of fracture prevention medica-

tions may translate to lower fracture rates in LTC; however, a large trial is needed to confirm

the hypothesis.

Although we found a 7% increase in the number of prescriptions before and after the inter-

vention; healthcare providers and residents expressed concerns with prescribing and taking

fracture prevention medications, respectively. Physicians were concerned about polypharmacy

and the potential effects of residents who are taking multiple medications, while residents were
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more concerned about possible drug-related side effects than the consequences of fractures.

Fear of osteoporosis drugs is a common concern among people living with osteoporosis. The

National Osteoporosis Foundation conducted a survey with about 28,000 individuals of which

853 responded [36]. The foundation found that 38% of respondents had been prescribed a

medication but refused to take it, with 79% stating that fear of side effects was the reason for

refusing the medication [36]. Approximately 43% of survey respondents thought that the risk

of side effects with osteoporosis treatment was greater than the benefit. Implementing models

with behaviour change techniques will be important to target residents specifically. Potential

adaptations to the PREVENT model may include targeting residents directly, in addition to

healthcare workers, through an educational outreach program on the risks of fractures versus

the benefits of taking an osteoporosis medication. The outreach program should be delivered

by a potential resident council member that has developed rapport with residents in the LTC

home.

Similar models to prevent fractures in LTC include the Bavarian Fall and Fracture Preven-

tion model in Germany that focuses on exercise, documentation of falls, environmental adap-

tations, medication reviews, vitamin D, hip protectors, and education among healthcare

providers [37,38]. The PREVENT model is a version of the Bavarian Fall and Fracture Preven-

tion model adapted for the Ontario, Canada healthcare system. Akin to the Bavarian model,

our model uses similar components including exercise, fall prevention, environmental adapta-

tions, medication reviews, hip protectors, and educational material and all homes receive one-

on-one training on how to implement the model. The Bavarian Fall and Fracture Prevention

study is one of the few large studies to implement an educational outreach program to imple-

ment fracture prevention guidelines into LTC [37,38]. In the Bavarian study, the authors

implemented a multifactorial educational outreach program and after one-year found an 18%

reduction in hip fracture in residents from the intervention home (hazard rate ratio 0.82, 95%

confidence interval 0.72–0.93) [37,38]. While the model was effective, it was a non-random-

ized, quasi-experimental design that utilized insurance company staff to facilitate and dissemi-

nate knowledge on fall and fracture prevention. The PREVENT model used components of

the Bavarian model to adapt the model to the Canadian billing and healthcare system and

reflect the differences between our healthcare systems. Our next steps will be to conduct a

large randomized controlled trial (NCT04947722) of the adapted PREVENT model in 122

LTC homes across Ontario, Canada to determine if the model reduces the rate of hip fractures

in residents at high risk of fracture. The ultimate goal will be to implement the model across

the country. We hypothesize that an increased uptake of fracture prevention medications may

translate to lower fracture rates in LTC; however, a large trial is needed to confirm our

hypothesis.

Our PREVENT model attempted to leverage facilitators and limit barriers to implementa-

tion as described in other studies. A recent systematic review by the study team identified sev-

eral barriers to implementing guidelines into LTC settings including time constraints and

inadequate staffing, cost and lack of resources, knowledge gaps, and lack of teamwork and

organizational support [39]. Our model addressed such barriers including time constraints,

lack of resources, and knowledge gaps by developing a multi-modal approach to embed a vali-

dated computer decision support tool and the FRS into current established care pathways.

PREVENT also provides an accredited Continuing Medical Education module to physicians

and nurses as a method to disseminate evidence-based knowledge. We worked with the

home’s management team to identify potential local champions who could help lead the edu-

cational module and sustain best practices after the research team left. Characteristics for an

effective local champion were identified based on previous literature [21,40]. Through the

iCARE study, we identified additional characteristics to identify a local champion including
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having co-champions manage the implementation process and developing conversational

toolkits to aid dialogues between healthcare providers and residents on fracture prevention

medications. We are also working with the Canadian electronic medical record company to

develop an automated audit and feedback report to address the time barrier identified by

homes. We suggest that future knowledge translation and implementation science researchers

look to our adapted PREVENT model as there may be important changes to help move evi-

dence into practice.

Strengths and limitations

The iCARE study had several methodological strengths including the recruitment of homes

that were geographically diverse, of varied profit status, and located in communities of varied

population sizes. Our study implemented a multifactorial intervention that engaged a wide

variety of healthcare providers. In addition, our study builds on previous knowledge and was

designed to leverage facilitators and limit barriers to implementation. Given that our interven-

tion was multifaceted, it was challenging to identify the most significant components (e.g.,

educational outreach, local champion, audit and feedback report) that would result in effective

implementation of PREVENT. Moreover, measures of organizational context such as work

culture and leadership style, were not captured in the iCARE study which could have a signifi-

cant impact on our model’s components. For this study, we did not involve residents or their

caregivers during the implementation process; however, the Family Councils Ontario and

Ontario Association of Residents’ Councils advised upon the 2015 guidelines and the develop-

ment of the PREVENT model. Future adaptations for the PREVENT model will be to include

end-users on the research team and have LTC residents join a Resident Advisory Committee

to review and provide feedback on study-related materials to aid the implementation process..

Lastly, we did not collect secondary outcomes including changes in diet, exercise, environmen-

tal adaptations, and hip protector adoption due to the limited resources in the iCARE study.

For the larger PREVENT trial, we will collect these secondary outcomes to gain a larger per-

spective of the changes the PREVENT model may provide.

Conclusion

PREVENT is a multifactorial educational outreach model to implement education on diet,

exercise, environmental adaptations, hip protectors, medications (including calcium and vita-

min D) and medication reviews to treat residents at high risk of fracture. The model utilizes

educational meetings, local champions, and audit and feedback as methods to promote behav-

iour change. The model requires ten months to recruit, train, and implement PREVENT, with

five of the ten months dedicated toward recruitment of LTC homes. We suggest co-champion-

ship when delivering multifactorial models in LTC and developing tools that can be easily

embedded into routine practice. Our study found an increase in knowledge uptake and the

proportion of fracture prevention prescriptions post-intervention. Our next steps will be to

lead a large, randomized controlled trial to implement PREVENT to determine if the model

reduces the risk and rate of hip fractures in residents living in LTC.
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