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Abstract 

Background  Each year, half of all long-term care (LTC) residents will sustain a fall, and many will sustain a fall-related 
fracture. Fifty percent of all fractures in this vulnerable cohort occur at the hip, which is a life-changing health event 
leading to hospitalization, impaired physical functioning, and increased risk of premature mortality. National osteopo-
rosis guidelines for the prevention of fractures are not consistently used in LTC homes. Improving osteoporosis guide-
line implementation may prevent hip fractures and other fractures. This study will examine whether the PREVENT 
(Person-centered Routine fracture prEVENTion) model can reduce hip fracture rates over one year compared to usual 
care in LTC homes.

Methods  Our study design is a pragmatic, cluster, randomized controlled trial. We will recruit 122 for-profit and not-
for-profit LTC homes across Ontario, Canada. Homes will be randomized in a 1:1 ratio to intervention (PREVENT model) 
or control (usual care) arms. Eligibility criteria include a minimum of 50 occupied beds and access to the Point-
ClickCare (PCC) electronic medical record system. One or two local opinion leader(s) and a leadership team con-
sisting of five to ten healthcare providers will be recruited within each LTC home to support the implementation 
of the fracture prevention knowledge translation (KT) intervention. Generalized estimating equations (GEE) will be 
used to examine the effect of the PREVENT intervention vs usual care on hip fracture incidence (primary outcome), 
adjusting for important resident and LTC home characteristics; and secondary outcomes, including new osteoporosis 
medication prescriptions, non-hip fracture rates, falls, hospitalizations, death, LTC quality indicators, pain, mobility, 
responsive behaviors, and healthcare utilization costs. The Standard Protocol Items: Recommendations for Interven-
tional Trials (SPIRIT) statement was used to guide the development of this study protocol.
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Discussion  Preventing hip fractures in LTC has significant health, economic, and personal benefits. To our knowl-
edge, the PREVENT trial is the first KT study of its kind in LTC to measure hip fracture as the primary outcome. If 
the PREVENT trial successfully improves hip fracture rates, it may lead the way for implementing a standardized 
approach to preventing hip fractures in LTC homes across Canada and internationally.

Trial registration  ClinicalTrials.gov NCT04947722. Registered on July 1, 2021.

Keywords  Hip fractures, Falls, Long-term care, Knowledge translation, Osteoporosis, Prevention, Interdisciplinary, 
Audit and feedback
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Introduction
Background and rationale {6a}
Fractures represent a significant concern for individuals 
living in long-term care (LTC) homes, occurring at rates 
1.8 times higher than non-institutionalized seniors [1]. 
High rates of falls also contribute to the increased risk for 
fractures [2, 3], with up to 8% of falls among LTC resi-
dents resulting in fractures [4, 5]. More than 80% of all 
fractures in LTC are attributed to osteoporosis [6]. LTC 
residents have multiple risk factors for falls and fractures, 
including osteoporosis, frailty, cognitive impairment, 
and reduced mobility. Hip fractures constitute half of all 
reported fractures in LTC homes [7] and can have devas-
tating impacts on daily function, quality of life, and sur-
vival of residents [8–10]. Furthermore, hip fractures are 
costly to our healthcare system, with cost estimates dou-
bling when patients are discharged to a LTC home [6]. 
As the demand for LTC increases [11], there is a critical 
need for evidence-based practices to effectively prevent 
and reduce the health and economic burden of fractures.

In 2015, Canada established recommendations for frac-
ture prevention in LTC to improve fracture risk assess-
ment and treatment [12]. These practice guidelines, 
using the GRADE approach, recommend a multifaceted 
approach for preventing fractures in LTC, including iden-
tification of high fracture risk residents, calcium and 
vitamin D supplementation, pharmacotherapy, use of 
hip protectors, exercise, and a multi-factorial falls reduc-
tion approach [12, 13]. Despite this guidance, current 
practice often falls short of these recommendations, and 
many LTC homes are not consistently applying evidence-
based practices for falls and fracture prevention [13–15]. 
In LTC settings, factors such as time constraints, staffing 
challenges, limited resources, challenges to multidisci-
plinary team collaboration, and varying levels of organi-
zational support and leadership engagement present 
barriers to the uptake of practice guidelines [16–18].

Knowledge translation (KT) focuses on bridging the 
gap between research evidence and the effective and 
sustained implementation of this knowledge into clini-
cal practice [14, 15]. Designing a successful KT interven-
tion for fracture prevention in LTC requires strategies 
that address LTC-specific barriers and leverage known 

http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
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facilitators such as leadership and champions, resident-
centered care strategies, adequate services, and resources 
and tools to support better practice [14, 19, 20]. Our 
team has previously demonstrated the effectiveness of 
multifaceted KT models for improving vitamin D, cal-
cium, and osteoporosis medication prescribing in Cana-
dian LTC homes [21–23]. Importantly, the vitamin D and 
osteoporosis study (ViDOS) findings showed that  pro-
cess and policy changes were sustained in interven-
tion sites beyond the study period [24]. Building on this 
foundation, the iCare longitudinal study confirmed the 
feasibility of the PREVENT intervention and refined the 
methodology for the current trial [25].

To date, no large-scale randomized controlled trial 
conducted in LTC has evaluated KT strategies for reduc-
ing hip fractures as a primary outcome. The Bavarian 
Fall and Fracture Prevention study, a non-randomized 
implementation project, reported an 18% reduction in 
hip fractures using a multi-component approach includ-
ing staff education, medication review, vitamin D sup-
plementation, hip protectors, environmental adaptations, 
falls documentation, and exercise programming [26–28]. 
This study relied on external personnel to deliver inter-
ventions, which may challenge long-term sustainability 
and scalability within LTC homes. To address previously 
identified barriers to fracture prevention in LTC and 
build on the prior success of a KT model [25], we devel-
oped the PREVENT (Person-centered Routine Fracture 
PreEVENTion) trial.

Objectives {7}
The primary objective of this trial is to examine whether 
the PREVENT model can reduce one-year hip fracture 
rates among high-risk LTC residents in intervention ver-
sus usual care LTC homes. Secondary objectives include 
evaluating the effect of the multifaceted PREVENT 
model on osteoporosis medication prescribing, incidence 
of non-hip fractures, time to fracture, falls, hospitaliza-
tions, mortality, pain, mobility, responsive behaviors, 
and additional LTC quality indicators (e.g., falls, pressure 
ulcers, and worsened physical function, and pain) [29]. 
The trial will also include an economic evaluation of the 
differences in direct healthcare utilization costs between 
the intervention and control arms.

Trial design {8}
PREVENT is a pragmatic cluster RCT comparing an 
18-month, multifaceted KT intervention with a usual 
care control group in LTC homes. The unit of rand-
omization will be the LTC home, rather than individ-
ual practitioners, to reduce the risk of contamination 
inherent in the team-based model common in LTC 
settings. Figure  1 illustrates the overall study design. 

This trial scores 43 on the PRECIS-2 tool (see Addi-
tional file 1), indicating a high level of pragmatism in its 
design [30].

Methods: participants, interventions, 
and outcomes
Study setting {9}
The trial will be conducted in for-profit and not-for-
profit LTC homes in Ontario, Canada. In Canada, 
LTC homes are government-regulated facilities for 
adults who require primarily long-term, onsite nurs-
ing care and personal support [31]. In Ontario, with 
a total population of over 16 million people, there are 
626 licensed LTC homes with a total of approximately 
77,000 long-stay beds. Our recruitment strategy will 
include LTC homes located in communities of all sizes 
and geographical regions in Ontario. Our intervention 
is directed toward interdisciplinary leadership teams 
at each participating LTC home, comprising physi-
cians, nurse practitioners, administrators/care direc-
tors, nurses, consultant pharmacists, personal support 
workers, and allied health professionals including phys-
iotherapists, occupational therapists, and recreational 
therapists.

Eligibility criteria {10}
Eligibility criteria will include both organizational and 
resident-level factors. At the LTC home level, inclu-
sion criteria are as follows: (1) a minimum of 50 occu-
pied beds, (2) access to and use of the PointClickCare 
(PCC), a cloud-based healthcare software provider offer-
ing an integrated Electronic Medical Records (EMR) 
system [32], to access the fracture risk scale (FRS), and 
(3) located within Ontario, Canada. During data analy-
sis, the following resident-level exclusion criteria will be 
applied: (1) end-stage disease (1.2% of all LTC residents), 
(2) comatose (0.3% of all LTC residents), (3) receiving 
hospice or respite care (1.8% of all LTC residents), or an 
expected short stay of 90 days or less (9.2% of all LTC res-
idents) [33].

Who will take informed consent? {26a}
Once the appropriate representative(s) from the LTC 
home have agreed to participate in the study, a formal 
letter of agreement (in place of a consent form) will be 
executed between each participating LTC home, McMas-
ter University, Hamilton Health Sciences, and the Prin-
cipal Investigator (PI). For intervention LTC homes, 
implied consent will be assumed for individual health-
care providers participating in sessions who voluntarily 
complete a study participant demographic questionnaire. 
Obtaining informed consent at the individual resident 
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level would be impracticable due to the large volume and 
turnover of residents. A waiver of consent to perform the 
data collection and analysis from ICES (formerly named 
the Institute for Clinical Evaluative Sciences), which pro-
vides health administrative data in Ontario, has been 
provided by the Hamilton Integrated Research Ethics 
Board (#13622). An independent, non-profit research 
institute funded by an annual grant from the Ontario 
Ministry of Health and the Ministry of Long-Term Care 
(MOHLTC), a prescribed entity under Ontario’s privacy 
legislation, ICES is authorized to collect and use health 
care data without consent for health system evaluation 
and improvement.

Additional consent provisions for collection and use 
of participant data and biological specimens {26b}
N/a: No further consent provisions apply to this study. 
Biological specimens will not be collected for this trial.

Interventions
Explanation for the choice of comparators {6b}
Given the pragmatic nature of our proposed trial, the 
comparison against usual care is justified. Usual care in 
LTC homes may include physical or occupational ther-
apy, quarterly medication reviews, nutritional screening 
and assessment. All LTC homes in Ontario must have a 

fall prevention program that reviews all falls, implements 
prevention strategies, and monitors high-risk residents 
[34]. Control homes have access to the Fracture Preven-
tion Toolkit [35]—an open-access resource that includes 
risk assessment resources, best practices for osteoporosis 
and fracture prevention in LTC, standard order sets, and 
quick reference guides for fracture risk assessment and 
prevention recommendations. At the end of the study 
period, all control LTC homes will receive access to the 
materials needed to implement the PREVENT interven-
tion in their home.

Intervention description {11a}
Co‑design
The PREVENT KT intervention was co-designed in 
consultation with healthcare professionals, the Ontario 
Association of Residents’ Councils, and Family Coun-
cils Ontario. The intervention was piloted in the iCare 
study with interdisciplinary care teams at three Ontario 
LTC homes; and participants identified several facilita-
tors that were integrated within the current study design 
[25]. These included having local opinion leaders (i.e., co-
champions) from the LTC homes, automating audit and 
feedback reports, and providing KT tools for facilitating 
discussions about fracture prevention medications.

Fig. 1  Depiction of PREVENT intervention and assessments
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Guiding frameworks
PREVENT has been developed and tailored to the LTC 
setting in accordance with the Knowledge-to-Action 
(KTA) Cycle by Graham et al. [15]. The “Action Cycle” is 
based on planned-action theories and represents phases 
of activities that “are needed for knowledge applications 
to achieve a deliberately engineered change in groups 
that vary in size and setting” [15, 36]. Development of 
our intervention has also been informed by The Behav-
iour Change Wheel, a theory- and evidence-based tool 
for designing and evaluating behavior change interven-
tions [37, 38]. By systematically analyzing both indi-
vidual and organizational or system-level factors, the 
Behaviour Change Wheel identifies mechanisms requir-
ing change and guides the selection of evidence-based 
intervention functions, or strategies, that lead to effective 
change. Based on the framework, the PREVENT model 
incorporates multiple intervention functions and behav-
ior change techniques (Fig.  2), with a specific focus on 
three core functions: education, training, and modeling 
[25, 39, 40]. The following sentences illustrate the spe-
cific behavior change techniques associated with each of 
these core functions: Education enhances understanding 
by providing information, feedback, prompts, and cues. 
Training builds practical skills through instruction and 
hands-on practice, while modeling demonstrates and 
reinforces the behavior. All intervention components are 
described according to standardized terminology from 
the Cochrane Effective Practice and Organisation of Care 
(EPOC) Taxonomy [39].

Overview of PREVENT intervention

1.	 Fracture Risk Scale: The FRS is a validated and stand-
ardized instrument for predicting fractures for LTC 
residents over a 1-year period using risk factors that 
are directly relevant for LTC residents such as prior 
fractures, dementia, and falls. The FRS is embedded 
in the Resident Assessment Instrument Minimum 
Data Set Version 2.0 (RAI-MDS 2.0), a mandatory 
assessment tool for LTC homes in Canada [41–43]. 
The FRS will be used to identify residents at high 
fracture risk (FRS scores 4 to 8; see Additional file 2) 
at each quarterly or annual assessment.

2.	 Local opinion leaders: One or two local opinion lead-
ers from each intervention home will be recruited to 
act as LTC home co-champions [44]. These profes-
sionals are considered influential in their LTC home 
and play a key role in facilitating behavior change 
[40]. Preferred co-champions will be one professional 
already involved in the assessment and management 
of osteoporosis medications and one involved in care 

planning and in regular communication with the res-
ident/family and the physician providing care.

3.	 Train-the-trainer sessions: Local opinion leaders 
within the intervention homes will participate in 
three, 60–90-min virtual train-the-trainer sessions to 
learn about the PREVENT KT strategies and famil-
iarize themselves with the recommendations for frac-
ture prevention (Fig. 2). The first session includes an 
overview of the PREVENT intervention, an orienta-
tion to the Fracture Prevention Toolkit and viewing 
multidisciplinary expert video modules. The second 
session outlines the process for collecting data from 
PCC and generating and presenting an audit and 
feedback report for their interprofessional team. In 
the final session, champions give a mock presenta-
tion of the session they will be moderating in their 
LTC home, with the opportunity to receive feedback.

4.	 Educational meetings: Local opinion leader(s) will 
deliver an educational session for the interdiscipli-
nary leadership and/or falls prevention program 
committee, who typically meet quarterly. All attend-
ing physicians and nurse practitioners practicing in 
the LTC home will also be encouraged to partici-
pate during work hours. Session content includes: 1) 
reviewing recommendations for fracture prevention 
in LTC (Fig. 2) [12]; 2) reviewing results of the audit 
and feedback report; and 3) completing action plan-
ning templates and care planning for residents iden-
tified at high risk for fractures based on their FRS 
scores.

5.	 Educational materials: All educational materials will 
be accessible to interdisciplinary teams in the inter-
vention homes via a password-protected online 
Portal (GerasPREP) including (1) the Fracture Pre-
vention Toolkit (open access) [35] based on the 
recommendations for fracture prevention in LTC 
(Table  1); and (2) evidence-based osteoporosis geri-
atric drug summaries and infographics via a collab-
oration with GeriMedRisk, a non-profit provincial 
consultation service for medication optimization 
[45]. Developed through rapid review methodology 
and validated by content experts, these geriatric drug 
information materials improved geriatric pharmaco-
therapy knowledge uptake and retention among cli-
nicians [46].

6.	 Audit and feedback reports: Reports for intervention 
homes will be generated using PCC. LTC homes will 
have the option to independently conduct the audit 
report using PCC or authorize PCC to perform the 
audit report on behalf of their home. Reports will 
include the total number of high fracture risk resi-
dents (FRS scores > 4, indicating an annual hip frac-
ture rate of 3.1%; all fracture rate of 4.4%), fractures 
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by type (hip, vertebral, pelvis, distal radius, or other), 
and the number of osteoporosis medications pre-
scribed by type. Aggregate data will be presented in 
a graphical format at the educational session [47]. 
Audit and feedback will focus solely on internal per-
formance metrics within each LTC home to moti-
vate the assessment of current practices and drive 
improvements in osteoporosis care. Confidential, 
individual performance audit reports will be pro-
vided to each prescriber.

7.	 Inter-professional education: An osteoporosis expert 
and an experienced long-term care physician will 
deliver an accredited, case-based Continuing Profes-
sional Development (CPD) module on the clinical 
application of the 2015 recommendations for frac-
ture prevention in LTC. This CPD activity, delivered 
in a webinar facilitated by the Ontario College of 
Family Physicians, will be offered to all prescribing 

physicians within the intervention LTC homes. Local 
champions and other members of the leadership 
team will also be encouraged to attend this webinar.

8.	 Action planning for quality improvement: Designed 
around continuous quality improvement (CQI) 
techniques to help with organizational-level pro-
cess change, a Plan-Do-Study-Act cycle [48–50] will 
be incorporated over a series of quarterly meetings 
in the year following the initial educational session. 
Action planning templates will be utilized to guide 
this process and assist teams with assigning roles and 
identifying barriers and facilitators to implementing 
the PREVENT intervention [51].

9.	 Resident care planning (ongoing): After developing 
the LTC home Action Plan from step 8, interdiscipli-
nary teams will focus on creating and implementing 
personalized care plans for residents, guided by the 
Fracture Prevention in LTC Care Planning Flowchart 

Fig. 2  Overview of PREVENT intervention: vitamin D and calcium supplementation, use of hip protectors, exercise, multifactorial interventions 
to prevent falls, and pharmacologic therapies
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(see Additional file 3). All members of the interdisci-
plinary team will be involved in this (e.g., physicians, 
nursing/care staff, dietitian, and occupational/physi-
cal therapy). The study team will meet with the inter-
disciplinary leadership teams on a quarterly basis for 
progress updates and discussion.

Sustained knowledge use
To ensure sustained knowledge application after study 
completion, the local opinion leader(s) will be instructed 
to continue to promote best practices for fracture pre-
vention using the online GerasPREP portal as a resource 
to support the implementation of the fracture prevention 
recommendations. All control homes will receive access 
to the portal upon study completion with the option 
to meet with the study team to review all resources to 
ensure adequate support of all participating LTC homes 
post-trial.

Criteria for discontinuing or modifying allocated 
interventions {11b}
For any participating LTC home, trial investigators will 
discontinue their involvement if the home wishes to 
withdraw from the study.

Strategies to improve adherence to interventions {11c}
Research personnel will meet on a quarterly basis with 
local opinion leader(s) of LTC homes to ensure adher-
ence to study interventions/timelines and assist them 
to resolve challenges, or barriers, to study implementa-
tion. Choosing local opinion leaders as the co-champions 

and providing adequate training via the train-the-trainer 
model will support adherence to the planned interven-
tion and sustainability both during and after the study 
[44, 47, 52]. The study investigators will also be avail-
able to the local opinion leader(s), physicians, and other 
members of the interdisciplinary leadership teams via 
email, telephone, or virtual meeting platform to discuss 
questions related to study implementation or fracture 
prevention recommendations.

Relevant concomitant care permitted or prohibited 
during the trial {11d}
N/a: LTC homes are permitted to maintain their existing 
care practices while implementing the fracture preven-
tion guidelines to ensure the continuation of best prac-
tices for the home and residents.

Provisions for post‑trial care {30}
This trial complies with the Tri-Council Policy State-
ment: Ethical Conduct for Research Involving Humans 
definition of minimal risk, where participants can regard 
the probability and magnitude of possible harms to be 
no greater than those that would be encountered in their 
everyday life. Fracture prevention recommendations and 
educational materials are based on established guidelines 
that have been available since 2015 [12]. No provisions are 
available for ancillary or post-trial care. There will be no 
compensation to LTC homes or residents for any harm 
suffered, as the study intervention is deemed low risk.

Outcomes {12}
The primary outcome is the rate of incident hip fractures 
from baseline to 18 months. Secondary clinical outcomes 

Table 1  Fracture prevention recommendationsa

a Strategies will be implemented on an individual resident basis as indicated/appropriate
b Evidence-based strategies recommended based on the recommendations for fracture prevention in LTC [12] are outlined as a part of the study intervention for the 
purposes of this trial but may be used in the usual care practices in LTC homes

Intervention componentsa Description and dose ARM 1: Control ARM 2: 
PREVENT 
Model

Usual care Continue usual care practices X

Nutritional assessmentb • Dietary review and consider supplementation
  o Dietary Calcium: 1200 mg per day
  o Calcium supplementation: 500 mg per day (if dietary calcium levels are 
not met)
  o Vitamin D3: 800 to 2000 IU per day

X

Multifactorial fall and fracture 
preventionb

• Assess predisposing and precipitating factors, environmental hazards
• Consider hip protectors
• Prescribe exercise: Balance, strength and functional training
• Review environmental hazards and assistive devices

X

Medication reviewb • Perform a review of residents’ osteoporosis and other medication prescriptions 
associated with falls and fractures
• Consider osteoporosis therapies for residents at high fracture risk based on their 
Fracture Risk Scale score

X
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include (1) one-year incidence of osteoporosis medica-
tion prescriptions, falls, non-hip fractures, time to hip 
fracture, hospitalization, and mortality; (2) LTC quality 
indicators, pain, mobility, and responsive behaviors (from 
MDS-RAI scales); and (3) Direct costs associated with 
healthcare resource utilization for each trial arm.

Participant timeline {13}
The timeline for LTC homes’ participation in the study 
trial is outlined in Fig. 3.

Sample size {14}
Evidence suggests that pharmacologic medications reduce 
hip fractures in high-risk LTC residents by as much as 55% 
(varies depending on the type of medication) [12]. Hip frac-
ture is the most common fracture type in LTC, accounting 
for 49% of all fractures [7]. A total of 5.2% of LTC residents 
experience a fracture each year, and annual hip fracture 
rates for high-risk individuals (FRS score of ≥ 4) range from 
3.1% to 12.6% [54]. Fracture rates among individuals in LTC 
have been shown to be similar across Canada [55]. Based 
on these assumptions, we will need to recruit 122 homes 
(61 intervention and 61 control) to detect a 2% absolute 
difference in hip fracture rates between groups after 18 
months (5% [56] and 3% [12] in control and intervention 
groups, respectively) with an intraclass correlation coef-
ficient (ICC) of 0.017 [57], a 10% LTC home dropout rate 
[58], 80% power, and an alpha level of 0.05.

Recruitment {15}
Rolling recruitment of LTC homes will occur via several 
recruitment strategies including (1) contacting the home 
administrator, director of care, or medical director of eli-
gible LTC homes and providing basic information on the 
trial (e.g., role of PREVENT opinion leader(s) and lead-
ership team, treatment arms, and time commitment); 
(2) contacting the leadership of LTC organizations (e.g., 
chief medical officer, chief operating officer, vice presi-
dent of LTC operations); (3) partnering with pharmacy 
providers who will assist our team with recruitment, 
particularly not-for-profit LTC homes; (4) study promo-
tion through social media, professional conferences (e.g., 
Ontario Long-Term Care Clinicians annual conference), 
and LTC-related organizations (i.e., Ontario Long Term 
Care Association, Family Councils of Ontario); and (5) 
recruitment webinars about the trial targeting healthcare 
professionals and other staff working in LTC.

Assignment of interventions: allocation
Sequence generation {16a}
An independent statistician will prepare a computer-
generated allocation sequence using PASS software. 

Stratified randomization will be used to randomly allo-
cate eligible LTC homes to one of two treatment arms 
(control or intervention) in a 1:1 ratio. LTC homes will 
be stratified based on home size (< 100 vs ≥ 100 beds) and 
ownership (for-profit or not-for-profit). Stratification has 
been selected as it is anticipated that resources available 
within LTC homes to support the PREVENT implemen-
tation may vary by size and ownership type [59]. Addi-
tionally, quality of care and population characteristics 
may differ depending on home size, ownership, and prov-
ince [60–62].

Concealment mechanism {16b}
Research staff directly involved in the study will not have 
access to the computer-generated allocation sequence. 
The allocation sequence will be uploaded to the Research 
Electronic Data Capture (REDCap) where the rand-
omization module will then be used to randomize LTC 
homes. This module ensures concealed allocation and 
prevents selection bias.

Implementation {16c}
A LTC home’s eligibility to participate in the trial will be 
assessed by the study research coordinator and assistant 
following an initial screening meeting. Once eligibility is 
confirmed, the research coordinator will use REDCap to 
randomize the home and notify them via email of their 
assigned treatment group for the duration of the trial. 
A letter of agreement, based on the assigned treatment 
group, will be attached. The LTC home will be officially 
enrolled in the trial once a fully executed agreement is in 
place, defined as having obtained signatures from all par-
ties on the letter of agreement.

Assignment of interventions: blinding
Who will be blinded {17a}
Due to the nature of the intervention, the LTC home and 
participating healthcare professionals in each home will 
be unblinded to the treatment assignment. Although not 
formally blinded, the residents in each LTC home may 
not be directly aware of the treatment assignment. The 
research coordinator and assistant(s) will be unblinded to 
the treatment arms. The PI and the study statistician will 
be blinded.

Procedure for unblinding if needed {17b}
N/a: No procedures have been implemented for unblind-
ing a LTC home during the trial, as the trial targets 
healthcare professionals and does not directly intervene 
with LTC residents.
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Data collection and management
Plans for assessment and collection of outcomes {18a}
Demographic and clinical study outcomes will be 
obtained through administrative data sources (e.g., RAI-
MDS 2.0 within the Continuing Care Reporting System 
in Canada (CCRS) housed at the ICES Data Reposi-
tory). Administrative datasets from ICES will be linked 
using encrypted patient-specific identifiers and analyzed 
using ICES health services records [63]. Baseline data 
will be collected using an 8-year retrospective lookback 
window (Fig.  3). For the analyses, we will evaluate the 
difference in hip fracture rates between treatment arms 
and assess secondary outcomes 1-year post-intervention 
(18 months).

Primary outcome
Clinical data from the RAI-MDS 2.0 will be linked to the 
Discharge Abstract Database (DAD) and the National 
Ambulatory Care Reporting System (NACRS) to cap-
ture incident hip fracture (i.e., new hip fracture occurring 
from baseline to study end) and determine the residents’ 
FRS. Hip fractures will be captured based on the defini-
tion of the Public Health Agency of Canada (PHAC) in 
the Revised Framework for National Surveillance on 
Osteoporosis and Osteoporosis-Related Fractures and 
International Classification of Disease 9 or 10 codes 
(ICD-9, ICD-10) S72.0, S72.1, S72.2).

Secondary outcomes
Several databases will be utilized to capture secondary 
outcomes (Fig. 3). The Ontario Drug Benefit (ODB) data-
base will be used to obtain data on prescription medica-
tion claims for LTC residents 65  years or older covered 
under the provincial drug program. Drug identifica-
tion numbers (DINs) will be used to identify osteoporo-
sis medications (i.e., bisphosphonates and denosumab 
licensed for use to treat osteoporosis in Canada) as out-
lined by the PHAC. Calcium and vitamin D supplementa-
tion will not be assessed as these data are not available in 
ICES administrative datasets. We will also examine mean 
pain, mobility, and responsive behavior scores from RAI-
MDS 2.0 scales, located within the CCRS. In addition, 
LTC health quality indicators, non-hip fracture rates, 

falls, and pain will be obtained from the CCRS database. 
Hospitalizations and emergency department visits will 
be derived from DAD and NACRS, and mortality will be 
obtained from the Registered Persons Database (RPDB).

Costing analysis
Our study will compare healthcare costs between the 
intervention and control groups by capturing costs 
associated with various types of healthcare resource 
utilization captured in ICES databases, including hos-
pitalizations (inpatient hospital stays and same-day sur-
geries), LTC, prescription drug benefit claims, and other 
healthcare services such as emergency department visits, 
hospital outpatient clinic visits, and physician billings. 
Healthcare utilization data will be sourced from admin-
istrative datasets held at ICES (see Additional file 4) and 
costed using the ICES GETCOST macro [64, 65]. Using 
a bottom-up (micro level) costing approach, this macro 
assigns unit costs to publicly funded healthcare services.

Plans to promote participant retention and complete 
follow‑up {18b}
As a KT cluster RCT, our intervention is targeted at 
healthcare teams. To examine adherence with the PRE-
VENT standardized curriculum, we will track the attend-
ance of healthcare providers at the educational session. 
Audit and feedback report results will be developed by 
PCC to reduce the burden of data collection on health-
care professionals at the home’s discretion. Resident-level 
data will be available via provincial-level administrative 
databases and should not have loss to follow-up.

Data management {19}
All demographic questionnaires will be de-identified 
using a participant identification code containing letters 
and numbers. Completed physical/paper data forms will 
be stored in locked filing cabinets in a secure location 
at the Juravinski Research Centre in St. Peter’s Hospital, 
Hamilton Health Sciences. Adherence and demographic 
data of healthcare providers in the intervention homes 
will be entered by data entry personnel into REDCap. 
Online demographic questionnaires may be completed 
by the healthcare providers in intervention homes, 

(See figure on next page.)
Fig. 3  Schedule of enrollment, interventions and assessments. RAI-MDS 2.0 = Resident Assessment Instrument – Minimum Data Set 2.0; 
REB = research ethics board; ADL = activities of daily living; CIHI = Canadian Institute for Health Information; DIN = drug identification number. 
t0 = Initiation of training of local opinion leader(s), t1 = Baseline (enrollment date in control group, completion of the educational session 
in intervention group), t2 = initial implementation of current residents completed (sensitivity analysis (6 to 18 months)), t3 = initial implementation 
of newly admitted and change in status completed; at the 18-month timepoint, data pulls of baseline, 3-month, 6-month, and 18-month 
timepoints completed. *Based on the Revised Framework for National Surveillance on Osteoporosis and Osteoporosis-Related Fractures 
of the Public Health Agency of Canada [53]
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Fig. 3  (See legend on previous page.)
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Fig. 3  (continued)
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automatically entering data into the REDCap database 
upon completion of the questionnaire. The REDCap 
database will be password protected and kept on a secure 
network system. All data entered in REDCap will be 
audited by a research coordinator or assistant to assess 
accuracy and missing data. Only the research team and 
biostatistician will have access to the final trial database.

De-identified audit and feedback reports (part of the 
PREVENT model for intervention homes) completed 
either by the LTC home directly or via PCC will be trans-
ferred through a secure file transfer protocol system to 
the study team (and back to the LTC homes if PCC com-
pleted the reports). The study team will send data for 
the 122 recruited LTC homes including the name and 
address of the LTC home, institution number, and the 
trial enrollment and completion date, through a secure 
drive to ICES. All electronic data files will be password 
protected.

Confidentiality {27}
Physical de-identified demographic questionnaires 
will be stored in locked filing cabinets in a secure loca-
tion at St. Peter’s Hospital, Juravinski Research Centre, 
Hamilton Health Sciences. Electronic de-identified 
demographic questionnaires will be stored on McMas-
ter’s REDCap. Following completion of the trial, these 
files will be stored on a secure network at Hamilton 
Health Sciences accessible only with a password and 
encryption software.

Audit and feedback data collected by PCC will be 
sent through a secure file transfer protocol to the study 
team at the Geras Centre for Aging Research and will 
be de-identified using unique residents’ identification 
numbers. Audit and feedback data collected by the 
LTC home will be sent through a secure SharePoint to 
the study team. These files will be stored on a secure 
network at St. Peter’s Hospital, Hamilton Health Sci-
ences, accessible only with a password and encryption 
software. Final audit and feedback reports including 
de-identified aggregate-level LTC home-level data and 
individualized physician-level data will be transferred 
to the LTC home through a secure electronic portal.

A waiver of consent to perform the data collection 
and analysis from the ICES Data Repository has been 
provided by the Hamilton Integrated Research Ethics 
Board (#13622). ICES is authorized to collect and use 
health care data, without consent, as a prescribed entity 
under Ontario’s privacy legislation. The use of the data 
in this project is authorized under Section 45 of Ontar-
io’s Personal Health Information Protection Act. Secure 
access to these data is governed by policies and proce-
dures that are approved by the Information and Privacy 
Commissioner of Ontario.

Data collected from the ICES Data Repository will be 
de-identified, and the research team will not be able to 
re-identify residents living in LTC homes. As the research 
team is a separate entity from the ICES analyst, the strict 
policies of ICES mean that the study team cannot pro-
duce analytic outputs with cell sizes fewer than six or that 
could foreseeably be used to re-identify an individual. The 
research team will only share the LTC home information 
that is known in the ICES environment. All information 
is shared securely on ICES servers, which are reviewed by 
the Privacy Commissioner of Ontario. All other forms of 
data (i.e., demographics, adherence, audit and feedback) 
collected, shared, and maintained will be de-identified to 
protect confidentiality before, during, and after the trial.

Plans for collection, laboratory evaluation and storage 
of biological specimens for genetic or molecular analysis 
in this trial/future use {33}
N/a: This study does not include the collection, labo-
ratory evaluation, or storage of biological specimens 
for genetic or molecular analysis, either for the current 
trial or for future use in ancillary studies.

Statistical methods
Statistical methods for primary and secondary outcomes 
{20a}
Baseline characteristics will be reported as mean 
(standard deviation) or median (inter-quartile range) 
values for continuous variables and as counts (percent) 
for categorical variables. Data will be summarized in 
tabular or graphical form. The primary outcome is hip 
fracture incidence from baseline to 18-months (total 
duration of the PREVENT intervention). Differences 
between control and intervention arms for the primary 
and secondary outcomes will be assessed with the GEE 
technique, assuming an exchangeable correlation struc-
ture. For the model, the unit of analysis will be the resi-
dent, and the unit of inference will be the LTC home. 
Unadjusted and adjusted odds ratios and correspond-
ing 95% confidence interval will be reported. These 
analyses will be adjusted for the stratified variables 
(home size, profit status) and baseline resident charac-
teristics associated with fracture. All p-values will be 
reported to three decimal places with those less than 
0.001 reported as p < 0.001. The criterion for statistical 
significance will be set a priori at alpha = 0.05. Analyses 
will be performed using SAS.

To evaluate the secondary outcome of time to hip 
fracture, we will use a Cox proportional hazards model 
to examine the effect of the PREVENT intervention 
vs usual care on time to hip fracture, while adjusting 
for important resident and LTC home characteristics. 
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Unadjusted and adjusted hazards models will be 
expressed as hazard ratios (HRs) and their 95% confi-
dence intervals (CIs). We will use the Kaplan–Meier 
method to estimate and visualize the cumulative frac-
ture incidence over time.

For the costing analysis, we will compare the costs 
incurred from baseline to 18-months between the con-
trol (cost associated with healthcare resource use only) 
and the intervention (cost associated with healthcare 
resource use, cost of implementing the intervention) 
arms. The cost of implementing the intervention will be 
derived from the trial (e.g., cost associated with train-
ing the LTC home or developing the educational mate-
rial). To deal with the clustered nature of the data and the 
skewness of the cost data, a GEE model using a logarithm 
link function, a Gamma distribution, and an unstruc-
tured correction matrix will be used to compare the costs 
between the arms. In addition to unadjusted analyses, 
the model will adjust for stratification factors and base-
line resident characteristics associated with costs (e.g., 
age, sex, comorbidities, prior fracture). The analyses will 
be conducted from a healthcare payer perspective. Sub-
group analyses will be performed as per the clinical anal-
yses (see next section).

All analyses will be performed by ICES Data and Ana-
lytic Services and results will be provided at the aggregate 
level. 

Interim analyses {21b}
No interim analysis is planned given the short duration 
and nature of our intervention (i.e., an adjunct to usual 
care).

Methods for additional analyses (e.g., subgroup analyses) 
{20b}
We will perform sensitivity analyses to examine the 
results between imputation and complete case analyses. 
We will also perform a sensitivity analysis from 6 months 
to 18 months. Exploratory subgroup analyses will be con-
ducted for home size, rurality (i.e., urban, rural), owner-
ship (i.e., for profit, not for profit). Sex differences will 
also be explored given that the prevalence of osteoporo-
sis and fractures are higher in females as compared with 
males [6]. Further, females represent a higher proportion 
of the LTC population: approximately 60% of the popu-
lation are female [66]. Therefore, the burden of fractures 
and the effect of the intervention may vary by sex. All 
secondary outcomes and sensitivity analyses will be con-
sidered exploratory rather than confirmatory. We will not 
be able to ascertain gender as a social construct from the 
electronically mandated, routinely collected LTC data for 
our outcomes. This is a limitation of our study and will be 
addressed in the publication of trial findings.

Methods in analysis to handle protocol non‑adherence 
and any statistical methods to handle missing data {20c}
To handle missing data from the intention-to-treat per-
spective, we will conduct multiple imputation of miss-
ing values to minimize bias and maintain the balance 
between groups achieved through randomization.

Plans to give access to the full protocol, participant 
level‑data and statistical code {31c}
The corresponding author can be contacted for reason-
able access to the full protocol and statistical code. There 
are no plans to share datasets given that trial data will be 
under the governance of the ICES Data Repository.

Oversight and monitoring
Composition of the coordinating center and trial steering 
committee {5d}
The study coordinating centre is at the Geras Centre for 
Aging Research at Hamilton Health Sciences. The study 
research coordinator and assistants will be responsible 
for recruitment, enrolling LTC homes, receiving and 
storing study agreements, and day-to-day trial manage-
ment including implementation logistics, monitoring 
adherence, adverse events, and overseeing data collec-
tion. The study steering committee will be comprised 
of all study co-investigators, chaired by the trial PI, and 
will meet approximately every 3  months or more fre-
quently, as needed. The steering committee will provide 
oversight and guidance to ensure that the study is in line 
with the protocol and ethical standards, while also ensur-
ing adherence to timelines and addressing any challenges 
that arise during the study.

Composition of the data monitoring committee, its role 
and reporting structure {21a}
A Data Safety and Monitoring Board has not been cre-
ated as a part of this trial as the possible harms to study 
participants are found to be no greater than those that 
would be encountered in everyday life.

Adverse event reporting and harms {22}
Adverse events or harm at the healthcare provider level 
from any source will be reported to the research team and 
reported in a structured form. Adverse events or harm 
are not collected at the resident level. Direct risks to the 
residents are minimal as none of the multifaceted frac-
ture prevention recommendations being implemented 
are novel. Each element has been shown to be safe indi-
vidually, and the various interventions in the model are 
already available to LTC residents but often not targeted 
to high-risk residents (the group who can benefit the 
most). This trial does not affect LTC residents’ rights or 
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welfare and does not involve the use of new therapeutic 
interventions.

Frequency and plans for auditing trial conduct {23}
In addition to the Steering Committee, an External Sci-
entific Advisory Committee will be put in place to guide 
and maintain the scientific integrity of the trial. This com-
mittee will be chaired by the PI and will meet twice annu-
ally but may meet on a more frequent basis at the joint 
request of majority members or as deemed necessary by 
the PI. Meeting agendas shall be circulated in advance of 
meetings and accompanied by minutes sent after a meet-
ing taken by the research coordinator or assistant.

Plans for communicating important protocol amendments 
to relevant parties (e.g., trial participants, ethical 
committees) {25}
All modifications to the study protocol (i.e., changes to 
eligibility criteria, outcomes, and analyses) will be com-
municated to relevant parties (i.e., investigators, research 
teams, LTC homes, and trial registries) and submitted 
to the applicable research ethics board for review and 
approval.

Dissemination plans {31a}
Trial results will be disseminated in publications and 
presentations at international conferences (e.g., Inter-
national Osteoporosis Foundation, American Medical 
Director’s Association (Post-Acute and Long-Term Care 
Medical Association or PALTmed), Canadian Geriatrics 
Society, American Geriatrics Society). In addition, study 
collaborators—including Osteoporosis Canada, Ontario 
LTC Associations, the RAI-MDS network, LTC residents 
and family councils—will disseminate results through 
webinars, social media, and traditional media releases. 
The investigator team is also active in fracture-preven-
tion policy and strategy work at provincial, national, and 
international levels. Trial resources created to facilitate 
implementation of fracture prevention recommendations 
in LTC will be available on the Osteoporosis Canada and 
Geras websites.

Discussion
The PREVENT trial is the first adequately powered trial 
to evaluate the effectiveness of a multifaceted, interdis-
ciplinary KT intervention aimed at preventing fractures 
in LTC homes. A literature search in MEDLINE and 
EMBASE databases using the search terms fracture, LTC/
nursing home, and RCT​ did not yield any similar trials. If 
successful, the PREVENT trial will offer a standardized 
model of care that can be adopted in LTC homes across 

Canada and internationally. As PREVENT is an organ-
izational-level intervention, the findings may inform 
future studies examining the uptake of evidence-based 
practices for other clinical complications in LTC homes 
such as pain, falls, wounds, and behavioral and psycho-
logical symptoms of dementia. This trial may also serve 
as a foundation for advancing clinical trial research in 
LTC settings by providing insight on existing barriers and 
strategies for overcoming barriers in LTC.

The PREVENT intervention is designed to address 
modifiable barriers that limit the translation of evidence-
based recommendations into practice in LTC settings 
[16, 17]. In designing this trial, we considered organi-
zational contextual factors—including leadership, cul-
ture, available resources, and staff capacity—that can 
influence the effective implementation of innovative 
models of care in LTC homes [18]. Drawing on insights 
from our successful pilot trial [21, 22] and factors that 
can enhance guideline uptake [16, 17], the intervention 
incorporates several key strategies: stakeholder engage-
ment, co-design and co-delivery of the intervention with 
local champions, capacity development with educational 
sessions, and integration of study-related activities into 
usual care practices. These components are intended to 
improve LTC context readiness, implementation success, 
and sustainability of behavior. Further refinement of the 
intervention was informed by our longitudinal study [25], 
which led to the inclusion of co-champions, automated 
audit and feedback reports, and practical tools to facili-
tate conversations around prescribing fracture preven-
tion medications.

The PREVENT intervention addresses the complex-
ity of decision-making regarding the use of best practice 
evidence-based fracture prevention recommendations 
that healthcare professionals navigate in delivering care 
in LTC [17]. Our intervention takes a collaborative multi-
disciplinary approach as opposed to focusing on individ-
ual healthcare professionals. The intervention is tailored 
to be incorporated into real-world LTC settings given 
the pragmatic nature of the trial. To monitor knowl-
edge use throughout the trial, we will assess the results 
of the audit and feedback report, completed action plans 
will be reviewed, and outcomes will be evaluated using 
administrative datasets. Post-study sustainability mech-
anisms have been put in place through ongoing access 
to educational resources and materials via GerasPREP 
and continued support for fracture management by the 
local champions. The mechanisms and opportunities for 
interdisciplinary information exchange, group learning, 
and problem solving embedded in the intervention are 
targeted at fostering a supportive and connected learn-
ing and mentoring environment, which can increase the 
likelihood of care teams utilizing appropriate fracture 
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prevention strategies. Additionally, the development of 
automated audit and feedback at the home level supports 
post-study sustainability.

Guided by the well-known behavior change wheel 
framework [37, 38], we designed the intervention around 
three functions—education, training, and modeling—
to address this challenge and facilitate behavior change. 
Overall, the process of developing and tailoring the PRE-
VENT intervention to the context of LTC followed the 
established Knowledge-to-Action cycle [15] as described 
in our previous work [19]. If the expected changes in 
practice are achieved, the success of this intervention 
could lead to a reduction in fracture rates in the interven-
tion LTC homes.

Trial status
This article outlines the protocol (V6 – February 12, 
2025). The first LTC home was enrolled in June 2024, and 
LTC homes are currently being recruited. Recruitment 
will be completed by end of 2026.
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