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Abstract

Background: Knowledge translation (KT) research in long-term care (LTC) is still in its early stages. This protocol
describes the evaluation of a multifaceted, interdisciplinary KT intervention aimed at integrating evidence-based
osteoporosis and fracture prevention strategies into LTC care processes.

Methods and design: The Vitamin D and Osteoporosis Study (ViDOS) is underway in 40 LTC homes (n = 19
intervention, n = 21 control) across Ontario, Canada. The primary objectives of this study are to assess the feasibility
of delivering the KT intervention, and clinically, to increase the percent of LTC residents prescribed ≥800 IU of
vitamin D daily. Eligibility criteria are LTC homes that are serviced by our partner pharmacy provider and have more
than one prescribing physician. The target audience within each LTC home is the Professional Advisory Committee
(PAC), an interdisciplinary team who meets quarterly. The key elements of the intervention are three interactive
educational sessions led by an expert opinion leader, action planning using a quality improvement cycle, audit and
feedback reports, nominated internal champions, and reminders/point-of-care tools. Control homes do not receive
any intervention, however both intervention and control homes received educational materials as part of the
Ontario Osteoporosis Strategy. Primary outcomes are feasibility measures (recruitment, retention, attendance at
educational sessions, action plan items identified and initiated, internal champions identified, performance reports
provided and reviewed), and vitamin D (≥800 IU/daily) prescribing at 6 and 12 months. Secondary outcomes
include the proportion of residents prescribed calcium supplements and osteoporosis medications, and falls and
fractures. Qualitative methods will examine the experience of the LTC team with the KT intervention. Homes are
centrally randomized to intervention and control groups in blocks of variable size using a computer generated
allocation sequence. Randomization is stratified by home size and profit/nonprofit status. Prescribing data retrieval
and analysis are performed by blinded personnel.

Discussion: Our study will contribute to an improved understanding of the feasibility and acceptability of a
multifaceted intervention aimed at translating knowledge to LTC practitioners. Lessons learned from this study will
be valuable in guiding future research and understanding the complexities of translating knowledge in LTC.
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Background
The field of knowledge translation (KT) attempts to
bridge the gap between the generation of research evi-
dence and the application of this evidence into clinical
practice. KT is commonly defined as ‘a dynamic and it-
erative process that includes synthesis, dissemination,
exchange and ethically-sound application of knowledge’
[1]. Examining the effectiveness of KT strategies across
different contexts, healthcare professions, and target
behaviors is essential [2] if we are to effectively bridge
the gap between research evidence and clinical practice.
To guide decision makers in choosing the best imple-
mentation strategies, rigorous evaluations of KT pro-
grams, including well-designed cluster randomized trials,
are needed [3].
Despite a growing body of KT evidence in acute care

or community settings, KT research in long-term care
(LTC) is still in its early stages [4-6]. Recent LTC initia-
tives have examined the role of organizational context
and/or developed empirically-based theories related to
KT in LTC [7-9]. However, few studies within the LTC
setting have focused on evaluating the effectiveness of
common behaviour change strategies (e.g., audit and
feedback, educational materials, reminders) [10,11], par-
ticularly those involving multifaceted interventions. In a
recent scoping review by Bostrom et al. [5], only 3.6%
(n = 61) of KT studies identified were related to older
adults, and approximately one-half of them were done in
LTC. Problematic is the fact that the majority of these
studies were not targeted at the organizational level, did
not report on system level outcomes, and included only
a single KT strategy (e.g., audit and feedback alone). The
majority of KT interventions, regardless of setting, have
not targeted the entire interdisciplinary team (i.e., physi-
cians, nurses, pharmacists, dietitians, rehabilitation
therapists, and other professionals) [12]. Of the LTC
studies in the Bostrom review [5], 60% did not target
mixed professional groups despite the emphasis on col-
laboration among the disciplines practicing in LTC [13].
Previous multifaceted interventions for interdisciplinary
teams have had some success within the LTC setting
[14,15].
Implementing evidence into practice requires whole

system change [2,16], particularly in the LTC setting
[5,17]. Berta et al. [6] suggest the majority of factors that
may enhance the uptake and use of evidence-based prac-
tices in LTC are organizational and include: a working
culture that facilitates cooperation and knowledge
exchange; standardization of activities; experienced clin-
ical leaders that engage others in the process; and ultim-
ately the incorporation of guidelines that are reinforced
by regulatory bodies. Other factors that enhance imple-
mentation of evidence-based practices in LTC include
strong leadership [17-19], medical directives, and build-
ing best practices recommendations into training materi-
als [20].

Identifying the knowledge-to-action gaps
The topic of our KT intervention is evidence-based
osteoporosis management and fracture prevention strat-
egies [21-27]. Previous research by our team indicates
that many LTC providers are unaware of osteoporosis
and fracture prevention best practices, or have concerns
surrounding diagnosis and treatment in elderly patients
[28,29]. Furthermore, as a recent survey of LTC Medical
Directors and Directors of Nursing documented, barriers
to fracture care were modifiable and could be overcome
through education and changes to local care delivery
systems [30]. Rather than focusing on individual provi-
ders, we propose a model that takes a more collective
approach and emphasizes integrating evidence-based
practices into care processes.
In addition to proper assessment of individuals at high

risk for fracture [21], we are emphasizing the wide-scale
implementation of adequate levels of vitamin D
(≥800 IU/day) because it is a tolerable, low-cost inter-
vention with strong evidence that it can prevent frac-
tures and falls in LTC residents [22,24,26,27,31]. In an
environmental scan of 15 LTC homes we conducted in
2008 (n = 3,132 residents), the overall rate of vitamin D
use was 38% [32], and there was considerable variation
between homes with rates ranging from 11 to 62%. An-
other study [33] we conducted using data collected via
the Resident Assessment Instrument (RAI) 2.0 [34,35]
found similar results.
We developed a multifaceted, interdisciplinary KT

intervention to improve the use of evidence-based osteo-
porosis and fracture prevention practices in LTC homes.
The current report outlines the research design and
protocol for evaluating this KT intervention.

Methods
Study population
The Vitamin D and Osteoporosis (ViDOS) study is cur-
rently underway in 40 LTC homes (19 intervention and
21 control) in Ontario, Canada. In Canada, LTC homes
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(also known as nursing homes or homes for the aged)
are government-regulated facilities designed for indivi-
duals who require onsite nursing care, 24-h supervision,
or personal support [36]. Our recruitment strategy
included LTC homes located in communities of all sizes
and geographical regions across the province of Ontario.
In order to make this study as generalizable as pos-

sible, we have only two facility-level eligibility criteria,
and no patient-level criteria. All LTC homes serviced by
our partner pharmacy provider (Medical Pharmacies
Group Limited) and who have more than one prescrib-
ing physician (at the time of recruitment) were eligible
for recruitment into the study. Medical Pharmacies is a
large pharmacy provider whose services include medica-
tion packaging and distribution, clinical support, and
consulting services to approximately one-third of all
LTC homes in Ontario. Our rationale for excluding LTC
homes with only one treating physician is to maintain
anonymity during the presentation of prescribing reports
at educational sessions. Furthermore, the requirement of
having at least two physicians per home decreases
sample size as it contributes to a lower intracluster cor-
relation coefficient [37].

Aims and objectives
The aim of the ViDOS study is to evaluate the feasibility
and effectiveness of a multifaceted KT intervention to
better integrate evidence-based osteoporosis and fracture
prevention care processes in LTC. In addition to measur-
ing feasibility of the intervention, the primary clinical
objective is to determine if the intervention can increase
the proportion of residents who are prescribed adequate
levels of vitamin D (≥800 IU/day). Secondary objectives
include: to determine if the intervention increases the
prescribing of calcium supplements (≥500 mg/day elem-
ental calcium); to determine if the intervention increases
the prescribing of osteoporosis medications in high-risk
individuals (i.e., documented osteoporosis or prior hip
fracture); to understand the experience of the LTC team
with the intervention and which components were per-
ceived as feasible, acceptable, and effective; and to docu-
ment falls and fractures occurring during the study
period.

Study outcomes
Feasibility
Feasibility outcomes are measured at the facility-level
and include (some are only relevant to intervention
homes): the proportion of homes that are recruited and
retained, attendance of Medical Directors and other pro-
fessionals at educational sessions, internal champions
identified, action plan items identified and initiated, per-
formance reports provided and reviewed, falls and
fracture data collection completed. A criterion of ≥80%
will be used as the criterion for success on each of these
feasibility measures, with the exception of recruitment.
Other cluster randomized controlled trials (RCTs) in
nursing homes aimed at changing the behaviour of
health professionals have noted recruitment in the 40 to
50% range [38-40], thus our recruitment criterion for
success was 40%.

Clinical
The primary clinical outcomes are the proportion of
residents prescribed vitamin D ≥800 IU/day at 6 and
12 months. The secondary prescribing outcomes are the
proportion of residents prescribed ≥500 mg/day of elem-
ental calcium and the proportion of high risk residents
(i.e., those with a fracture or documented osteoporosis)
prescribed an osteoporosis medication (oral and IV
bisphosphonates, teriparatide, denosumab) at 6 and
12 months. Other secondary outcomes include the num-
ber of falls, hip fracture and all fracture (hip, wrist, spine,
foot, humerus, ribs, clavicle, ankle, other) for the data
collection periods (i.e., three months of falls and fracture
data collected three times during the study, see
Figure 1).

Study design
The ViDOS study is a pilot, cluster RCT [41] comparing
a multifaceted KT intervention with a control group.
The intervention is delivered over a 12-month time
period with data collection extending to 16 months. Al-
location by clusters of LTC homes rather than individual
practitioners was chosen to minimize contamination be-
cause we are targeting interdisciplinary care teams. Be-
cause few other studies have examined this type of
interdisciplinary multifaceted intervention within LTC,
the study was designed as a pilot RCT that emphasizes
feasibility outcomes [42].

Randomization and consent
Stratified block randomization was used to randomly al-
locate LTC homes to the intervention or control arm of
the study (recruitment is now closed). LTC homes were
stratified based on home size and profit/non-profit.
Profit status was taken into consideration because there
is some evidence that the quality of care is higher in
non-profit homes compared to for-profit homes [43-45].
The allocation sequence was computer generated using
nQuery 6.0 software by an off-site research member who
is not involved in the recruitment, enrollment of clus-
ters, or data analysis. Once the appropriate representa-
tive from the home was consented, the independent
member assigned intervention and control groups based
on the sequence and notified the coordinating centre.
Because the homes are not blinded to treatment arms,
the homes were informed of their allocation.



Figure 1 Overview of ViDOS Intervention.
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Intervention
A multifaceted strategy was chosen based on the consist-
ent evidence that the most successful KT interventions
tend to be interactive and multifaceted [3,10,11,14,15,46-
49]. Systematic reviews of single interventions such as
audit and feedback [50,51], reminders (i.e., tools to aid
decision-making and/or prompt a clinical action) [50],
and opinion leaders [52] have also demonstrated some
effectiveness in changing professional practice. As
described below, we tailored our KT intervention to fit
within the existing operational and organizational cul-
ture of each LTC home.

Target audience
The target audience of the multifaceted intervention is
the Professional Advisory Committee (PAC), an interdis-
ciplinary team [53] that meets quarterly to address resi-
dent care and quality improvement objectives. Members
of the committee typically include: the Administrator,
Medical Director, Director of Care, Consultant Pharma-
cist, Director of Food Services/Dietician, and other nurs-
ing, medical or rehabilitation staff. In addition to PAC
team members, all physicians responsible for the care of
residents within the LTC home are invited to the ses-
sions and are eligible for continuing medical education
credits with the Ontario College of Family Physicians.
Development and piloting the intervention
The multifaceted intervention was developed and piloted
in consultation with the PAC team at a local LTC home.
This home identified several procedural and
organizational barriers that we addressed in the final
version of our modules and materials. Learning modules
and materials were built around a toolkit (including
DVD, posters, panel cards, case studies) we developed
for the Ontario Osteoporosis Strategy in LTC (www.
osteoporosislongtermcare.ca [54]) in consultation with
stakeholders. Materials were based on a research synthe-
sis on hip fracture prevention strategies in LTC [22] and
incorporate the 2010 Osteoporosis Canada Clinical Prac-
tice Guidelines [21].

Multifaceted intervention components
As outlined in Figures 1 and 2, intervention homes take
part in three interactive educational sessions, approxi-
mately six months apart. To maximize participation,
these sessions are delivered during a regularly scheduled
meeting of the PAC team. An expert opinion leader
facilitates the first two interactive educational sessions
(approximately 45 to 60 min in length) via webinar tech-
nology, with the study coordinator on-site to facilitate
and distribute materials. A Geriatric Nursing Consultant
leads the third session (approximately 30 min) via

http://www.osteoporosislongtermcare.ca
http://www.osteoporosislongtermcare.ca


Figure 2 Timeline of Data Collection and Sessions.

Kennedy et al. Implementation Science 2012, 7:48 Page 5 of 12
http://www.implementationscience.com/content/7/1/48
webinar. The key components of the multifaceted inter-
vention (Table 1) are:

1. Expert opinion leader: Utilizing the framework by
Locock et al. [55], we define an expert opinion
leader as ‘a credible authority (often an academic or
consultant) able to explain the evidence and respond
convincingly to challenges and debate.’ Such a
person is distinct from a peer opinion leader who
may be more influential as a role model in daily
practice. The expert opinion leader may be
particularly valuable in the initial stages of
implementing change by ‘translating it into a form
which is acceptable to practitioners and takes
account of their local experience’ [55]. In our study,
the expert opinion leaders are physicians specializing
in osteoporosis and/or geriatrics who are active in
national/international research and guidelines
development.

2. Learning modules: At each session, a learning
module is presented and there is opportunity for
discussion and active participation. In brief, the first
module introduces the study and materials, reviews
best practices for OP management and fracture
prevention, and provides an orientation to action
planning for quality improvement. The second
module emphasizes integration of osteoporosis and
fracture prevention into care processes, reviews
barriers and facilitators, shares strategies from other
intervention homes, and provides a case-study
exercise. The third module reviews accomplishments
and action plan progress, provides information on
hip protectors, identifies internal champions, and
discusses post-study sustainability including an
orientation to resources on our website (www.
osteoporosislongtermcare.ca [54]).

3. DVD: At the first interactive educational session, the
10-minute ‘Meeting the Challenge of Osteoporosis
and Fracture Prevention’ DVD is viewed, and a copy
is left at the LTC home so that other staff and
residents/families can be educated (available at www.
osteoporosislongtermcare.ca [54]).

4. Performance reports (audit and feedback):
Aggregate/facility-level data for vitamin D, calcium,
and osteoporosis medication prescribing are
presented in a graphical format at each interactive
educational session. Reports are based on the
previous month’s prescribing and are benchmarked
against other ViDOS intervention homes.
Confidential, individual performance reports are also
provided to each physician.

5. Reminders/Point-of-care tools are distributed and
discussed in the educational sessions. These tools
include the process indicator checklist, treatment alert,
and x-ray requisition stamp (summarized in Table 1).
Tools were developed in consultation with the
pharmacy provider, the Ontario Osteoporosis Strategy
in LTC [54] steering group, and our pilot LTC home.

6. Action planning: This quality improvement
component is built around the plan-do-study-act
(PDSA) cycle [56,57]. In brief, the PDSA process
engages teams in planning and managing change
by breaking goals into manageable chunks, testing
ideas and assessing the results in order to better
monitor the impact of changes. Some LTC homes
may be familiar with the PDSA process from the
‘Long-Term Care Best Practices Initiative’ [12].
After the learning module is presented, PAC
teams discuss and complete an action plan work-
sheet at sessions one and two to address barriers
and identify organizational strategies, process
changes, and specific action items for team
members. Teams work on implementing action
plans and progress is reviewed at the next session.
Strategies generated from sessions are shared with
other LTC homes.

http://www.osteoporosislongtermcare.ca
http://www.osteoporosislongtermcare.ca
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Table 1 Key Components of the Multifaceted ViDOS intervention

Interactive Educational Sessions Presentation of three learning modules that include a summary of best practices, special considerations for
assessing/treating the elderly, key messages, integration of OP/fracture prevention into care processes, and a case
study. Opportunity for discussion and active participation via problem-based learning and completion of action
plans.

Expert Opinion Leader/
Study Coordinator

Expert opinion leader leads first and second interactive educational sessions via webinar (with study coordinator
facilitating on-site). A Geriatric Nursing Consultant leads the third interactive educational session via webinar.

DVD A 10-min DVD, ‘Meeting the Challenge of Osteoporosis and Fracture Prevention,’ is viewed at the first interactive
educational session (and a copy left for the team to educate other/new staff members, residents, families). This
DVD was created by the Osteoporosis Strategy for LTC (www.osteoporosislongtermcare.ca [54]) and is specific to
the LTC context.

Performance Reports
(Audit and Feedback)

Performance reports for vitamin D, calcium, and osteoporosis medications prescribing (aggregated for all
residents in a home) and benchmarked against other ViDOS intervention homes, are presented at each
interactive educational session. Confidential, individual performance reports are also provided to each physician.

Reminders/Point of Care Tools Treatment Alert: A tool used by consultant pharmacists to alert physicians and nurse practitioners to assess and
consider osteoporosis treatment for residents at increased risk for fracture (based on the 2010 Osteoporosis
Canada Clinical Practice Guidelines [21].

X-ray Requisition Stamp: A stamp labeled ‘please rule out vertebral fractures’ to add to chest X-ray requisitions.

Process Indicator Checklist: This tool assists teams with creating internal processes and policies that support and
sustain appropriate prescribing and other osteoporosis and fractures best practices (e.g., admission/quarterly
assessment, diagnoses documentation, ongoing staff education and training).

Action Planning for
Quality Improvement

Discussion/completion of a work-sheet to set specific action items for team members, address barriers and
facilitators, and outline best practices strategies. Homes work on action plans between study sessions.

Internal Champion A PAC team member, such as consultant pharmacist and/or Director of Care, who will network with champions
at other LTC homes (via online forum www.osteoporosislongtermcare.ca [54]) and continue to promote best
practices after the research team has left.

Tool-kit* The tool-kit includes: the 10-min DVD (‘Meeting the Challenge of Osteoporosis and Fracture Prevention’),
informational pocket cards, case studies, and posters. Distributed to all LTC homes as part of the Ontario
Osteoporosis Strategy for LTC.

Osteoporosis Long-Term
Care Website*

The website (www.osteoporosislongtermcare.ca [54]) with an interactive forum for Internal Champions, is
promoted to all LTC homes via the Ontario Osteoporosis Strategy for LTC.

*also provided to all control homes.
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7. Internal Champions: The concept of an internal
champion is introduced at the first session. By the
end of the study it is anticipated that each home will
have an internally nominated champion, such as the
consultant pharmacist and/or Director of Care.
Champions will be linked by a forum on our website
(www.osteoporosislongtermcare.ca [54]) to facilitate
the ongoing sharing of experiences in implementing
evidence-based changes in processes of care after
the study is completed. Previous studies have found
that the sharing of practical tips among LTC homes
is useful in the implementation of protocols to
improve processes of care [58].

Control homes
Control homes will receive no intervention. After the
intervention homes have completed the study, the con-
trol group will have the option of attending a group
webinar that presents a summary of key messages from
educational modules. They will also be provided with an
opportunity to appoint an internal champion who will
receive post-study resources and updates. All LTC
homes (control and intervention) will also have the op-
portunity to access continuing education through
professional meetings (e.g., the Ontario Long-Term Care
Association and the Ontario Long Term Care
Physicians).

LTC osteoporosis toolkit and website
Both control and intervention homes received the LTC
Osteoporosis Toolkit in 2009/2010, which includes a 10-
minute DVD, ‘Meeting the Challenge of Osteoporosis
and Fracture Prevention,’ pocket cards, case studies, and
posters. This toolkit was distributed to all Ontario LTC
homes as part of the provincial government-funded On-
tario Osteoporosis Strategy [59]. The toolkit was devel-
oped to increase awareness of best practices for
osteoporosis and fracture prevention. An introductory
group webinar was available to all LTC homes in On-
tario to introduce the toolkit components. In late 2011,
the Ontario Osteoporosis Strategy for LTC website (www.
osteoporosislongtermcare.ca [54]) was launched and was
promoted in all LTC homes across Ontario.

Post-study sustainability
The final phase of the knowledge to action (KTA) cycle
[60] includes building sustainability mechanisms into the
intervention. It is anticipated that implementation of

http://www.osteoporosislongtermcare.ca
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osteoporosis best practices will continue through the
work of each LTC home's internal champion, who will
be provided with updated resources and support by a
forum on our website (www.osteoporosislongtermcare.ca
[54]). This will enable the internal champions to interact
with each other and share successes and challenges. We
will work with our partner pharmacy provider to distrib-
ute prescribing reports to LTC homes one year after
completing the study. This feedback is important given
the high turnover of residents in LTC resulting in a dif-
ferent cohort of residents and staff since the study
began.

Data collection
Facility-level
Feasibility data are collected by the study coordinator.
Other facility-level data being collected include the
number of resident beds, location/type of population
centre (i.e., small, medium, or large population centres
as defined by Statistics Canada) [61], profit status (profit,
non-profit), chain affiliation, and number of treating
physicians at baseline.

Patient-level
Figure 2 provides an overview of the data collection
time-line. De-identified clinical data including demo-
graphic, prescribing, and co-morbidities (from the Medi-
cation Administration Record) are collected from the
pharmacy database by the Director of Systems Services
at Medical Pharmacies (JBS).
Falls and fractures data for every resident are collected

by a LTC staff member at each home for three-month
periods at three times during the study (coinciding with
prescribing data pulls, Figure 2). The information source
used to populate the data collection spreadsheets may
vary by LTC home and sources are documented by the
study coordinator. With the recent wide-scale imple-
mentation of the RAI-2.0 assessments across Ontario
LTC homes [34,35], future studies collecting information
on falls and fracture data will likely use this as a data
source. The RAI-2.0 is a standard assessment using
common methodology and measures and is completed
by trained assessors (typically within 14 days of admis-
sion and then on a quarterly basis).

Qualitative data
After intervention homes have completed the study, in-
dividual interviews will be conducted with selected parti-
cipants to better understand their experience with the
intervention. A research assistant (not affiliated with the
study) will conduct interviews with two PAC team mem-
bers (physician and the Director of Care or consultant
pharmacist) at approximately seven to ten intervention
home sites. Organizational changes to policies and
processes in intervention homes will be measured by
surveying the Directors of Care regarding the number of
items on the process indicator checklist (Table 1) they
initiated during the study and by examining changes
captured in the action plans.

Trial management
The coordinating centre for the study is at McMaster
University. The study coordinator and research assis-
tants are responsible for submitting research ethics
applications, scheduling of homes, travel arrangements,
developing presentations, obtaining and storing consent
forms, tracking and recording all decisions and transfor-
mations of data made throughout the investigation, and
budgeting. All databases are password protected and
kept on a secure network system.

Data monitoring
No formal comparison between control and intervention
homes will occur until the end of the study when final
analyses are performed. In accordance with Food and
Drug Administration recommendations [62], because
the elderly are considered a ‘potentially fragile popula-
tion,’ a Data and Safety Monitoring Board (DSMB) with
expertise in geriatric medicine and clinical trials research
will meet to monitor ongoing trial processes. There are
no formal stopping rules because the intervention is tar-
geted at health professionals (i.e., does not intervene dir-
ectly with residents) and because the study is primarily
designed to assess feasibility.

Blinding
Study participants, personnel, expert opinion leaders,
and the analyst who provides the audit and feedback
reports are not blinded to home allocation status. The
outcome assessor (JBS) who downloads the demo-
graphic, prescribing, and co-morbidity data and the ana-
lyst who performs the final data analysis will be blinded
to home allocation status. The staff members within
each LTC home who are recording falls and fractures
data are not blinded.

Data analysis
Quantitative analysis
Data from the trial will be analyzed and reported in ac-
cordance with the CONSORT criteria [41,63,64]. The
baseline characteristics will be reported as mean (stand-
ard deviation) or median (minimum, maximum) values
for continuous variables and as counts (percent) for cat-
egorical variables. The primary feasibility outcomes will
be analyzed using descriptive statistics expressed as per-
cent and corresponding 95% confidence intervals (CI).
Our primary analyses will be performed using the
intention-to-treat principle. The generalized estimating

http://www.osteoporosislongtermcare.ca
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equations (GEE) technique, assuming an exchangeable
correlation structure [65], will be used to determine dif-
ferences between groups for the proportion of residents
prescribed vitamin D, calcium and other osteoporosis
medication, and number of fractures or falls. The GEE
method will take into account the clustered nature of
the data, given that residents treated within a LTC home
are expected to be similar or correlated (clustered vari-
able will be the LTC home). For the model, the unit of
analysis will be the resident and the unit of inference will
be the home. There is an increased risk of imbalance at the
resident-level because of the home-level randomization.
Therefore, resident baseline characteristics that will be
included in this analysis are: age, gender, co-morbidities,
and the number of prescribed medications. Unadjusted and
adjusted odds ratios (OR) and corresponding 95% CIs will
be reported. All statistical analyses will be performed using
the SAS/STAT 9.2 software package (SAS Institute Inc.,
Cary, NC, USA) with the criterion for statistical significance
set at α ≤0.05.

Qualitative analysis
All interview data will be audiotaped and then tran-
scribed verbatim by a professional transcriber. Data ana-
lysis will take place concurrently with data collection so
that any emerging themes can be incorporated into the
interview guide and the codebook. To ensure that we
reach informational saturation (all emerging themes are
well understood and supported by ample data), any
topics that are still unclear after completing the inter-
views will be revisited in brief telephone conversations
with interviewees from LTC homes that provided the
least amount of information on those particular topics.
A qualitative data management and retrieval software
program (QSR-Nvivo) [66] will be used to assist with
data organization and retrieval during thematic frame-
work analyses. Both the development of the interview
guides and the thematic analyses applied to the tran-
scripts will be guided by two theories that address the
change process at the individual and organizational
levels: the Theory of Planned Behaviour [67,68], and the
Diffusion of Innovations [69-71].

Sample size
Our sample size was calculated to detect a difference in
the percentage of residents prescribed ≥800 IU/daily
vitamin D at follow-up in the intervention versus control
groups. We assumed an average of 120 residents per
LTC home and that 30% of residents were prescribed
≥800 IU/daily vitamin D at baseline [33]. We postulate a
20% increase in vitamin D prescribing in the interven-
tion group and a 5% increase in the control group (to
account for the potential impact of other province-wide
initiatives such as the Ontario Osteoporosis Strategy for
LTC). Based on these assumptions, to detect a 15% dif-
ference in prescribing between the groups with an
intracluster correlation of 0.10 (two-sided test with sig-
nificance = 0.05), a sample size of 2,160 residents from
18 LTC homes in each of the intervention and control
groups is required to achieve 82% power. Factoring in a
potential 10% dropout rate, the recruitment target was
40 LTC homes (20 = intervention, 20 = control).

Ethical considerations
The study was approved by the Hamilton Health
Sciences/McMaster University Faculty of Health Sciences
Research Ethics Board. A representative from the home
provided initial consent prior to randomization, and each
PAC team participant provides written informed consent
at the first educational session.

Discussion
KT research in LTC is still in its early stages [4-6]. Our
project is one of the first RCT studies to examine the ef-
fectiveness and feasibility of a multifaceted, interdiscip-
linary KT intervention in LTC. Given that this is a pilot
RCT, feasibility measures such as recruitment and reten-
tion, attendance at educational sessions by PAC mem-
bers, and use of study materials are important outcomes
for planning future interventions. Furthermore, results
from the upcoming qualitative phase of the pilot study
will provide valuable information about the KT-related
needs of health professionals working in LTC. It will also
assist us in gaining some preliminary data on what may
be the most active ingredients of the complex interven-
tion. A better understanding of these factors will enable
future researchers and care providers to select and tailor
KT strategies that can maximize the uptake and
utilization of evidence in LTC.
Increasing the utilization of available evidence by clini-

cians in daily practice is difficult in any setting, and the
LTC environment presents some additional unique chal-
lenges. Prescribing for the frail elderly is especially chal-
lenging due to the presence of co-morbid illness,
frequently large number of medications, functional im-
pairment, cognitive deficits, and age-associated decline
in renal function [72-74]. The majority of practice guide-
lines do not adequately address the challenges of apply-
ing recommendations to elderly patients, particularly
those with co-morbidities [75]. In addition, the compos-
ition and skills of the nursing staff in LTC are different
than in other sectors because nurse’s aides provide most
of the direct care and their care rituals are often focused
on task completion [19].
Implementing evidence-based practices in LTC is

made more complex by the fact that the physicians are
not typically located at the LTC home. Instead they rely
on the on-site healthcare team to inform and update
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them about their patients' conditions. Clinical leaders
are often registered nurses (as opposed to physicians in
acute or primary care settings) [76], and they assume
greater responsibility for the coordination, decision-
making, and administration of drug-related interventions
[77].
Heavy paperwork and institutional requirements, lim-

ited resource and staffing levels, limited time to imple-
ment protocols, the absence of a learning culture,
entrenched ways of learning and communicating, ‘change
fatigue,’ and high staff turnover are other postulated fac-
tors that inhibit the uptake of evidence-based practices
[6,20,78,79]. In a study of registered nurses working with
the elderly [80], the most commonly noted barriers to
research use were the lack of a cadre of knowledgeable
colleagues with whom they could discuss research issues,
facility-level barriers, the lack of time to read research
studies and the fact that research findings are not readily
available in a single location. These nurses believed that
establishing networks among colleagues, staff, research-
ers, and physicians would enhance the uptake of re-
search evidence.
If the above challenges can be addressed, there are ele-

ments in the LTC environment that also make it condu-
cive to implementing best practices. For example, as
noted by Berta et al. [6] LTC homes are ‘small, structur-
ally flat, and highly reliant on collaborative decision
making’; thus decision makers and staff in LTC may be
more amenable to implementing complex innovations
than in other practice settings.
The design and implementation of our intervention

was founded on the well-known Canadian Institutes of
Health Research Knowledge-to-Action cycle [60]. In this
paper, we describe how our intervention is adapting
knowledge to the local context (LTC homes in Ontario)
and continuously assessing barriers and facilitators to
knowledge use. Despite the importance of tailoring the
intervention based on identified barriers, recent evidence
suggests that many studies do not effectively do this
[81]. We have tailored the intervention to better meet
the needs of LTC care providers by incorporating our
educational sessions within regularly scheduled PAC
team meetings, developing the reminders and point-of-
care tools in partnership with front-line LTC providers,
and engaging staff in identifying their own site-specific
strategies needed to address barriers (e.g., action plan-
ning). We are monitoring knowledge use throughout the
study via the performance reports and action plans com-
pleted on site and evaluating outcomes using quantita-
tive, qualitative, and process measures. Through ongoing
work with internal champions, our partner pharmacy
provider, and our website forum (www.osteoporosislong-
termcare.ca [54]), we have built in sustainability
mechanisms. A Swedish study [18] that examined
whether nurses who continued continuous quality im-
provement (CQI) activities over several years empha-
sized that supportive leadership and access to
individuals with research expertise were key factors in
sustained evidence-based practice.
Our design elements are also congruent with recom-

mendations from the Nursing Home Quality Initiative
launched in 2002 by the Centers for Medicare and Me-
dicaid Services in the United Stated [58]. Lessons
learned about implementing CQI in LTC included: form-
ing partnerships with LTC stakeholders, engaging physi-
cians and Medical Directors in the CQI process,
teaching CQI principles to all LTC staff, facilitating the
exchange of successful strategies and practical tips
among LTC homes, and providing one-on-one assistance
to LTC staff and administrators. Frequent contact with
and involvement of the entire CQI team were identified
as essential to overcoming problems stemming from
high staff turnover and heavy workload demands on
Administrators and Directors of Nursing [58]. ViDOS
has taken this advice and worked closely with the entire
PAC team, including Medical Directors, to develop and
update action plans to improve bone health of LTC
residents.
Certainly one of the frequently asked questions regard-

ing multifaceted interventions is: which components of
the ‘black-box’ are most effective? Although we cannot
answer this question quantitatively, we will attempt to
address this issue in the qualitative phase of the study by
asking participants how effective they perceived the vari-
ous elements of the ViDOS intervention to be, and what
individual and organizational factors they believe facili-
tated or inhibited the change process.
The lessons learned from this pilot RCT will be helpful

when planning future KT research on other health issues
in LTC settings. This includes insights on the KT
process (e.g., recruitment and retention of leaders in
innovation), resources (time and budget issues), manage-
ment (personnel and data management issues), and sci-
entific evidence (effect sizes, intracluster correlation)
[42]. It is anticipated the final results of this study will
be presented in 2013.

Abbreviations
(ViDOS): Vitamin D and Osteoporosis Study; (LTC): Long-term care;
(KT): Knowledge translation; (PAC): Professional advisory committee;
(CIHR): Canadian Institutes for Health Research; (CQI): Continuous Quality
Improvement; (KTA): Knowledge to action; (PDSA): Plan Study Do Act;
(RCT): Randomized Controlled Trial.

Competing interests
Alexandra Papaioannou is or has been a consultant, or on a speaker’s
bureau, or received unrestricted grants for Amgen, Eli Lilly, Merck Frosst
Canada, Novartis, Warner Chilcott; she also has conducted clinical trials for Eli
Lilly, Merck Frosst, Novartis and Pfizer.
Jonathan D. Adachi is or has been a consultant, or on a speaker’s bureau for
Amgen, Eli Lilly, GSK, Merck, Novartis, Pfizer, Procter & Gamble, Roche, Sanofi
Aventis and Warner Chilcott; he has also conducted clinical trials for Amgen,

http://www.osteoporosislongtermcare.ca
http://www.osteoporosislongtermcare.ca


Kennedy et al. Implementation Science 2012, 7:48 Page 10 of 12
http://www.implementationscience.com/content/7/1/48
Bristol-Myers Squibb, Eli Lilly, Merck, Novartis, Pfizer, Procter & Gamble, Sanofi
Aventis, Roche and Warner Chilcott.
Suzanne Morin has received an unrestricted research grant from Amgen, as
well as honoraria for consultation work and presentation from Merck, Eli Lilly,
Amgen, Novartis and Warner Chilcott; she is also a chercheur-clinicen
boursier des Fonds de Recherche en Sante du Québec.
Sharon Marr has received unrestricted educational funds from Merck Canada
Inc., Amgen, Lilly, Lundbeck, Medical Pharmacies Group Ltd., Novartis.
Robert Josse is on the advisory board or have received research grants or
speaker honoraria from Merck, Lilly, GSK, Warner Chilcott, Amgen, Novartis.
Courtney C. Kennedy, George Ioannidis, Lora M. Giangregorio, Lehana
Thabane, Richard G. Crilly, Lynne Lohfeld, Laura E. Pickard, Susanne King,
Mary-Lou van der Horst, Glenda Campbell, Jackie Stroud, Lisa Dolovich, Anna
M. Sawka, Ravi Jain, Lynn Nash declare that they have no competing
interests.

Authors’ contributions
AP conceived of the study and contributed to the design and
implementation, oversaw its coordination, participated in the delivery of the
intervention sessions, and helped to draft the manuscript. CCK contributed
to the conception, design and implementation of the study, participated in
its coordination, performed data analysis and interpretation, and drafted the
manuscript. GI contributed to the conception, design, and implementation
of the study, performed data analysis and interpretation, edited the
manuscript for important intellectual content, and gave final approval of the
version to be published. LMG contributed to the conception, design, and
implementation of the study, edited the manuscript for important
intellectual content, and gave final approval of the version to be published.
JDA, SNM, RGC, SM, RGJ, and MLV contributed to the conception and design
of the study, participated in the delivery of the intervention sessions, edited
the manuscript for important intellectual content, and gave final approval of
the version to be published. LT contributed to the conception and design of
the study, provided consultation regarding RCT methodology, edited the
manuscript for important intellectual content, and gave final approval of the
version to be published. LL contributed to the conception and design of the
study, provided consultation regarding qualitative methodology, edited the
manuscript for important intellectual content, and gave final approval of the
version to be published. SK, LEP, contributed to the conception, design, and
implementation of the study, coordinated the study, edited the manuscript
for important intellectual content, and gave final approval of the version to
be published. GC contributed to the conception, design, and
implementation of the study, participated in data acquisition, edited the
manuscript for important intellectual content, and gave final approval of the
version to be published. JS contributed to the conception and design of the
study, coordinated data acquisition, edited the manuscript for important
intellectual content, and gave final approval of the version to be published.
LD, AMS, RJ, and LN contributed to the conception and design of the study,
edited the manuscript for important intellectual content, and gave final
approval of the version to be published. All authors read and approved the
final manuscript.

Acknowledgements
This work is supported by an operating grant from the Canadian Institutes of
Health Research (Funding Reference Number: MOP-114982). In addition, the
ViDOS researchers wish to thank other key partners who are supporting this
initiative: Ministry of Health and Long-Term Care – Ontario Osteoporosis
Strategy, Ontario College of Family Physicians, Osteoporosis Canada, Medical
Pharmacies Group Limited Long-Term Care Services, Hamilton Health
Sciences/St. Peter’s Healthcare, McMaster University, and the Seniors Health
Research Transfer Network (SHRTN). We thank Teresa Pitre at Medical
Pharmacies Group Limited for her invaluable assistance with recruiting the
LTC homes, and the staff at St. Peter’s Long-term Care facility for piloting the
interactive modules. Finally, we wish to thank all of the LTC clinicians and
staff members who are participating in the study.

Author details
1Department of Medicine, McMaster University, 1280 Main Street West,
Hamilton, Ontario L8S 4K1, Canada. 2Hamilton Health Sciences - St. Peter's
Hospital, Juravinski Research Centre, 88 Maplewood Avenue, Hamilton,
Ontario L8M 1W9, Canada. 3Department of Clinical Epidemiology &
Biostatistics, McMaster University, 1280 Main St. West, Hamilton, Ontario L8S
4K1, Canada. 4Charlton Medical Centre, 25 Charlton Ave East, Hamilton,
Ontario L8N 1Y2, Canada. 5Department of Kinesiology, Faculty of Applied
Health Sciences, University of Waterloo, 200 University Ave West, Waterloo,
Ontario N2L 3G1, Canada. 6Department of Medicine, Division of General
Internal Medicine, MUHC-Montreal General Hospital, 1650 Cedar Avenue,
Montreal, QC H3G 1A4, Canada. 7Schulich School of Medicine & Dentistry,
The University of Western Ontario, Parkwood Hospital, 801 Commissioners
Rd. East, London, Ontario N6C 5J1, Canada. 8Department of Medicine,
Division of Endocrinology and Metabolism, University of Toronto, St.
Michael's Hospital, Toronto, Ontario, Canada. 9Medical Pharmacies Group
Limited, 590 Granite Court, Pickering, Ontario, L1W 3X6, Canada.
10Department of Family Medicine, McMaster Innovation Park, 175 Longwood
Road South, Hamilton, Ontario L8P 0A1, Canada. 11Department of Medicine,
Division of Endocrinology and Metabolism, Toronto General Hospital, 200
Elizabeth Street, Toronto, Ontario M5G 2C4, Canada. 12Ontario Osteoporosis
Strategy, Osteoporosis Canada, 1090 Don Mills Road, Suite 301, Toronto,
Ontario M3C 3R6, Canada.

Received: 14 March 2012 Accepted: 24 May 2012
Published: 24 May 2012
References
1. Canadian Institutes of Health Research http://www.cihr-irsc.gc.ca.libaccess.

lib.mcmaster.ca/e/29418.html.
2. Grimshaw J, Eccles M, Tetroe J: Implementing clinical guidelines: current

evidence and future implications. J Contin Educ Health Prof 2004, 24(Suppl
1):S31–S37.

3. Grimshaw JM, Eccles MP, Walker AE, Thomas RE: Changing physicians'
behavior: what works and thoughts on getting more things to work. J
Contin Educ Health Prof 2002, 22:237–243.

4. Zwarenstein M, Reeves S: Knowledge translation and interprofessional
collaboration: Where the rubber of evidence-based care hits the road of
teamwork. J Contin Educ Health Prof 2006, 26:46–54.

5. Bostrom AM, Slaughter SE, Chojecki D, Estabrooks CA: What Do We Know
About Knowledge Translation in the Care of Older Adults? A Scoping
Review. J Am Med Dir Assoc 2011, 13:210–219.

6. Berta W, Teare GF, Gilbart E, Ginsburg LS, Lemieux-Charles L, Davis D,
Rappolt S: Spanning the know-do gap: Understanding knowledge
application and capacity in long-term care homes. Soc Sci Med 2010,
70:1326–1334.

7. Rycroft-Malone J, Dopson S, Degner L, Hutchinson AM, Morgan D, Stewart
N, Estabrooks CA: Study protocol for the translating research in elder care
(TREC): building context through case studies in long-term care project
(project two). Implement Sci 2009, 4:53.

8. Estabrooks CA, Hutchinson AM, Squires JE, Birdsell J, Cummings GG, Degner
L, Morgan D, Norton PG: Translating research in elder care: an
introduction to a study protocol series. Implement Sci 2009, 4:51.

9. Estabrooks CA, Squires JE, Cummings GG, Teare GF, Norton PG: Study
protocol for the translating research in elder care (TREC): building
context - an organizational monitoring program in long-term care
project (project one). Implement Sci 2009, 4:52.

10. Grimshaw JM, Shirran L, Thomas R, Mowatt G, Fraser C, Bero L, Grilli R,
Harvey E, Oxman A, O'Brien MA: Changing Provider Behavior: An
Overview of Systematic Reviews of Interventions. Med Care 2001, 39(8,
Supplement II: Implementing Evidence-Based Recommendations for
Health Care: Papers from the Leeds Castle Conference):II2–II45.

11. Bero LA, Grilli R, Grimshaw JM, Harvey E, Oxman AD, Thomson MA: Closing
the gap between research and practice: an overview of systematic
reviews of interventions to promote the implementation of research
findings. The Cochrane Effective Practice and Organization of Care
Review Group. BMJ 1998, 317:465–468.

12. Registered Nurses Association of Ontario: Toolkit: Implementation of clinical
practice guidelines. 2002 http://www.rnao.org/Storage/12/668_BPG_Toolkit.pdf.

13. Ontario Association of Non-Profit Homes and Services for Seniors (OANHSS):
The Professional Care Team In Long Term Care: A Discussion Paper. 2010.
http://www.oanhss.org/AM/AMTemplate.cfm?
Section=Position_Papers_Submissions&TEMPLATE=/CM/ContentDisplay.
cfm&CONTENTID=7917.

14. Thomas DC, Johnston B, Dunn K, Sullivan GM, Brett B, Matzko M, Levine SA:
Continuing medical education, continuing professional development,

http://www.rnao.org/Storage/12/668_BPG_Toolkit.pdf
http://www.oanhss.org/AM/AMTemplate.cfm?Section=Position_Papers_Submissions&TEMPLATE=/CM/ContentDisplay.cfm&CONTENTID=7917
http://www.oanhss.org/AM/AMTemplate.cfm?Section=Position_Papers_Submissions&TEMPLATE=/CM/ContentDisplay.cfm&CONTENTID=7917
http://www.oanhss.org/AM/AMTemplate.cfm?Section=Position_Papers_Submissions&TEMPLATE=/CM/ContentDisplay.cfm&CONTENTID=7917


Kennedy et al. Implementation Science 2012, 7:48 Page 11 of 12
http://www.implementationscience.com/content/7/1/48
and knowledge translation: improving care of older patients by
practicing physicians. J Am Geriatr Soc 2006, 54:1610–1618.

15. Cameron ID, Murray GR, Gillespie LD, Robertson MC, Hill KD, Cumming RG,
Kerse N: Interventions for preventing falls in older people in nursing care
facilities and hospitals. Cochrane Database Syst Rev 2010, 1:CD005465.

16. Kitson AL, Rycroft-Malone J, Harvey G, McCormack B, Seers K, Titchen A:
Evaluating the successful implementation of evidence into practice
using the PARiHS framework: theoretical and practical challenges.
Implement Sci 2008, 3:1.

17. Cummings GG, Estabrooks CA, Midodzi WK, Wallin L, Hayduk L: Influence of
organizational characteristics and context on research utilization. Nurs
Res 2007, 56(4 Suppl):S24–S39.

18. Wallin L, Bostrom AM, Wikblad K, Ewald U: Sustainability in changing
clinical practice promotes evidence-based nursing care. J Adv Nurs 2003,
41:509–518.

19. Mentes JC, Tripp-Reimer T: Barriers and facilitators in nursing home
intervention research. West J Nurs Res 2002, 24:918–936.

20. Colon-Emeric CS, Lekan D, Utley-Smith Q, Ammarell N, Bailey D,
Corazzini K, Piven ML, Anderson RA: Barriers to and facilitators of
clinical practice guideline use in nursing homes. J Am Geriatr Soc
2007, 55:1404–1409.

21. Papaioannou A, Morin S, Cheung AM, Atkinson S, Brown JP, Feldman S,
Hanley DA, Hodsman A, Jamal SA, Kaiser SM, Kvern B, Siminoski K, Leslie
WD, Scientific Advisory Council of Osteoporosis Canada: clinical practice
guidelines for the diagnosis and management of osteoporosis in
Canada: summary. CMAJ 2010, 182:1864–1873.

22. Sawka AM, Ismaila N, Cranney A, Thabane L, Kastner M, Gafni A, Woodhouse
LJ, Crilly R, Cheung AM, Adachi JD, Josse RG: Papaioannou A: A scoping
review of strategies for the prevention of hip fracture in elderly nursing
home residents. PLoS One 2010, 5(3):e9515.

23. Brown JP, Fortier M, Frame H, Lalonde A, Papaioannou A, Senikas V, Yuen
CK: Canadian consensus conference on osteoporosis, 2006 update. J
Obstet Gynaecol Can 2006, 28(2 Suppl 1):S95–S112.

24. Chapuy MC, Arlot ME, Duboeuf F, Brun J, Crouzet B, Arnaud S, Delmas PD,
Meunier PJ: Vitamin D3 and calcium to prevent hip fractures in the
elderly women. N Engl J Med 1992, 327:1637–1642.

25. Dawson-Hughes B: Serum 25-hydroxyvitamin D and functional outcomes
in the elderly. Am J Clin Nutr 2008, 88:537S-540S.

26. Bischoff-Ferrari HA, Dawson-Hughes B, Willett WC, Staehelin HB, Bazemore
MG, Zee RY, Wong JB: Effect of Vitamin D on falls: a meta-analysis. JAMA
2004, 291:1999–2006.

27. Bischoff-Ferrari HA, Willett WC, Wong JB, Giovannucci E, Dietrich T,
Dawson-Hughes B: Fracture prevention with vitamin D supplementation:
a meta-analysis of randomized controlled trials. JAMA 2005,
293:2257–2264.

28. Sawka AM, Ismaila N, Raina P, Thabane L, Straus S, Adachi JD, Gafni A,
Papaioannou A: Hip fracture prevention strategies in long-term care: a
survey of Canadian physicians' opinions. Can Fam Physician 2010, 56:
e392–e397.

29. Lau AN, Ioannidis G, Potts Y, Giangregorio LM, Van der Horst ML, Adachi JD,
Papaioannou A:What are the beliefs, attitudes and practices of front-line
staff in long-term care (LTC) facilities related to osteoporosis awareness,
management and fracture prevention? BMC Geriatr 2010, 10:73.

30. Colon-Emeric CS, Casebeer L, Saag K, Allison J, Levine D, Suh TT, Lyles KW:
Barriers to providing osteoporosis care in skilled nursing facilities:
perceptions of medical directors and directors of nursing. J Am Med Dir
Assoc 2004, 5:361–366.

31. Bischoff-Ferrari HA, Willett WC, Wong JB, Stuck AE, Staehelin HB, Orav EJ,
Thoma A, Kiel DP, Henschkowski J: Prevention of nonvertebral fractures
with oral vitamin D and dose dependency: a meta-analysis of
randomized controlled trials. Arch Intern Med 2009, 169:551–561.

32. Papaioannou A, Kennedy C, Campbell G, Giangregorio L, Ma J, Adachi J,
Treating Osteoporosis in the Elderly: An Environmental Scan of Nursing
Home Prescribing in Ontario, Canada. [abstract]. In ASBMR 30th Annual
Meeting, Volume. Su 404th edition. 2008.

33. Giangregorio LM, Jantzi M, Papaioannou A, Hirdes J, Maxwell CJ, Poss JW:
Osteoporosis management among residents living in long-term care.
Osteoporos Int 2009, 20:1471–1478.

34. Poss JW, Jutan NM, Hirdes JP, Fries BE, Morris JN, Teare GF, Reidel K: A review
of evidence on the reliability and validity of Minimum Data Set data.
Healthc Manage Forum 2008, 21:33–39.
35. Hirdes JP, Fries BE, Morris JN, Steel K, Mor V, Frijters D, LaBine S, Schalm C,
Stones MJ, Teare G, Smith T, Marhaba M, Perez E, Jonsson P: Integrated
health information systems based on the RAI/MDS series of instruments.
Healthc Manage Forum 1999, 12:30–40.

36. Health Canada; What is Long-Term Facilities-Based Care? http://www.hc-sc.gc.
ca/hcs-sss/home-domicile/longdur/index-eng.php.

37. Kerry SM, Bland JM: The intracluster correlation coefficient in cluster
randomisation. BMJ 1998, 316:1455.

38. Loeb M, Carusone SC, Goeree R, Walter SD, Brazil K, Krueger P, Simor A,
Moss L, Marrie T: Effect of a clinical pathway to reduce hospitalizations in
nursing home residents with pneumonia: a randomized controlled trial.
JAMA 2006, 295:2503–2510.

39. Loeb M, Brazil K, Lohfeld L, McGeer A, Simor A, Stevenson K, Zoutman D,
Smith S, Liu X, Walter SD: Effect of a multifaceted intervention on number
of antimicrobial prescriptions for suspected urinary tract infections in
residents of nursing homes: cluster randomised controlled trial. BMJ
2005, 331:669.

40. Roberts MS, Stokes JA, King MA, Lynne TA, Purdie DM, Glasziou PP, Wilson
DA, McCarthy ST, Brooks GE, de Looze FJ, Del Mar CB: Outcomes of a
randomized controlled trial of a clinical pharmacy intervention in 52
nursing homes. Br J Clin Pharmacol 2001, 51:257–265.

41. Campbell MK, Elbourne DR, Altman DG, CONSORT group: CONSORT
statement: extension to cluster randomised trials. BMJ 2004,
328:702–708.

42. Thabane L, Ma J, Chu R, Cheng J, Ismaila A, Rios LP, Robson R, Thabane M,
Giangregorio L, Goldsmith CH: A tutorial on pilot studies: the what, why
and how. BMC Med Res Methodol 2010, 10:1.

43. Comondore VR, Devereaux PJ, Zhou Q, Stone SB, Busse JW, Ravindran NC,
Burns KE, Haines T, Stringer B, Cook DJ, Walter SD, Sullivan T, Berwanger O,
Bhandari M, Banglawala S, Lavis JN, Petrisor B, Schunemann H, Walsh K,
Bhatnagar N, Guyatt GH: Quality of care in for-profit and not-for-profit
nursing homes: systematic review and meta-analysis. BMJ 2009, 339:b2732.

44. Shapiro E, Tate R: Monitoring the Outcomes of Quality of Care in Nursing
Homes Using Administrative Data. Can J Aging 1995, 14:755.

45. McGregor MJ, Cohen M, McGrail K, Broemeling AM, Adler RN, Schulzer M,
Ronald L, Cvitkovich Y, Beck M: Staffing levels in not-for-profit and for-
profit long-term care facilities: does type of ownership matter? CMAJ
2005, 172:645–649.

46. Grimshaw JM, Shirran L, Thomas R, Mowatt G, Fraser C, Bero L, Grilli R, Harvey
E, Oxman A, O'Brien MA: Changing provider behavior: an overview of
systematic reviews of interventions. Med Care 2001, 39(8 Suppl 2):II2-II45.

47. Grimshaw JM, Shirran L, Thomas R, Mowatt G, Fraser C, Bero L, Grilli R,
Harvey E, Oxman A, O'Brien MA: Changing provider behavior: an overview
of systematic reviews of interventions. Med Care 2001, 39(8 Suppl 2):II2-45.

48. Ioannidis G, Papaioannou A, Thabane L, Gafni A, Hodsman A, Kvern B, Walsh
A, Jiwa F, Adachi JD: The utilization of appropriate osteoporosis
medications improves following a multifaceted educational intervention:
the Canadian quality circle project (CQC). BMC Med Educ 2009, 9:54.

49. Ioannidis G, Thabane L, Gafni A, Hodsman A, Kvern B, Johnstone D, Plumley N,
Salach L, Jiwa F, Adachi JD, Papaioannou A: Optimizing care in osteoporosis:
the Canadian quality circle project. BMC Musculoskel Disord 2008, 9:130.

50. Bywood PT, Lunnay B, Roche AM: Strategies for facilitating change in alcohol
and other drugs (AOD) professional practice: a systematic review of the
effectiveness of reminders and feedback. Drug Alcohol Rev 2008, 27:548–558.

51. Jamtvedt G, Young JM, Kristoffersen DT, O'Brien MA, Oxman AD: Audit and
feedback: effects on professional practice and health care outcomes.
Cochrane Database Syst Rev 2006, 2:CD000259.

52. Flodgren G, Parmelli E, Doumit G, Gattellari M, O'Brien MA, Grimshaw J,
Eccles MP: Local opinion leaders: effects on professional practice and
health care outcomes. Cochrane Database Syst Rev 2011, 8:CD000125.

53. Enhancing Interdisciplinary Collaboration in Primary Health Care: Enhancing
Interdisciplinary Collaboration in Primary Health Care in Canada. 2005.

54. Ontario Osteoporosis Strategy in Long-Term Care. http://www.
osteoporosislongtermcare.ca.

55. Locock L, Dopson S, Chambers D, Gabbay J: Understanding the role of
opinion leaders in improving clinical effectiveness. Soc Sci Med 2001,
53:745–757.

56. Jain M: Plan-do-study-act cycle rejuvenates a marriage. Ann Intern Med
2008, 149:209–210.

57. Agency for Healthcare Research and Quality. http://www.innovations.ahrq.
gov/content.aspx?id=2398&tab=3.

http://www.hc-sc.gc.ca/hcs-sss/home-domicile/longdur/index-eng.php
http://www.hc-sc.gc.ca/hcs-sss/home-domicile/longdur/index-eng.php
http://www.osteoporosislongtermcare.ca
http://www.oanhss.org/AM/AMTemplate.cfm?Section=Position_Papers_Submissions&TEMPLATE=/CM/ContentDisplay.cfm&CONTENTID=7917
http://www.innovations.ahrq.gov/content.aspx?id=2398&tab=3
http://www.innovations.ahrq.gov/content.aspx?id=2398&tab=3


Kennedy et al. Implementation Science 2012, 7:48 Page 12 of 12
http://www.implementationscience.com/content/7/1/48
58. Kissam S, Gifford D, Parks P, Patry G, Palmer L, Wilkes L, Fitzgerald M, Petrulis
AS, Barnette L: Approaches to quality improvement in nursing homes:
lessons learned from the six-state pilot of CMS's Nursing Home Quality
Initiative. BMC Geriatr 2003, 3:2.

59. Ministry of Health and Long-Term Care and Osteoporosis Canada:
Osteoporosis Action Plan: An Osteoporosis Strategy for Ontario. In Report
of the Osteoporosis Action Plan Committee to the Ministry of Health and Long-
Term Care. 2003. http://www.health.gov.on.ca/english/public/pub/
ministry_reports/osteo/osteo_0205.pdf.

60. Graham ID, Logan J, Harrison MB, Straus SE, Tetroe J, Caswell W, Robinson
N: Lost in knowledge translation: time for a map? J Contin Educ Health
Prof 2006, 26:13–24.

61. Statistics Canada; From urban areas to population centres. http://www.
statcan.gc.ca/subjects-sujets/standard-norme/sgc-cgt/urban-urbain-eng.htm.

62. Food and Drug Administration. http://www.fda.gov/cber/guidelines.htm.
63. Campbell MJ: Extending CONSORT to include cluster trials. BMJ 2004,

328:654–655.
64. CONSORT Group:. http://www.consort-statement.org/.
65. Hardin JW: Generalized Estimating Equations. New York: Chapman and Hall/

CRC; 2001.
66. QSR International Pty Ltd: QSR Nvivo Version 8; http://www.qsrinternational.

com/products.aspx.
67. Ajzen I: The theory of planned behavior. Organ Behav Hum Decis Process

1991, 50:179–211.
68. Armitage CJ, Talibudeen L: Test of a brief theory of planned behaviour-

based intervention to promote adolescent safe sex intentions. Br J
Psychol 2010, 101(Pt 1):155–172.

69. Webb TL, Sheeran P: Does changing behavioral intentions engender
behavior change? A meta-analysis of the experimental evidence. Psychol
Bull 2006, 132:249–268.

70. Rogers EM: Lessons for guidelines from the diffusion of innovations. Jt
Comm J Qual Improv 1995, 21:324–328.

71. Rogers EM: Diffusion of preventive innovations. Addict Behav 2002,
27:989–993.

72. Simon SR, Gurwitz JH: Drug therapy in the elderly: improving quality and
access. Clin Pharmacol Ther 2003, 73:387–393.

73. Rowe JW, Andres R, Tobin JD, Norris AH, Shock NW: The effect of age on
creatinine clearance in men: a cross-sectional and longitudinal study. J
Gerontol 1976, 31:155–163.

74. Avorn J, Gurwitz JH: Drug use in the nursing home. Ann Intern Med 1995,
123:195–204.

75. Mutasingwa DR, Ge H, Upshur RE: How applicable are clinical practice
guidelines to elderly patients with comorbidities? Can Fam Physician
2011, 57:e253-e262.

76. Berta W, Teare GF, Gilbart E, Ginsburg LS, Lemieux-Charles L, Davis D, Rappolt
S: The contingencies of organizational learning in long-term care: factors
that affect innovation adoption. Health Care Manage Rev 2005, 30:282–292.

77. Finnick M, Crosby F, Ventura MR: Long-term care nurses identify
educational needs regarding quality assessment and improvement. J
Contin Educ Nurs 1992, 23:278–281.

78. Santos J: Uptake of Best Practice Guidelines in Ontario Long-Term Care Homes:
An Analysis of the Provincial Survey. 2008. http://ricn.on.ca/photos/custom/
CEICNfiles/LTC%20Provincial%20Survey%20Report%20on%20BPG%20Uptake
%20in%20Ontario%20LTCHs%20-%20November%202008.pdf.

79. Kaasalainen S, Agarwal G, Dolovich L, Papaioannou A, Brazil K, Akhtar-Danesh N:
Nurses' perceptions of and satisfaction with the medication administration
system in long-term-care homes. Can J Nurs Res 2010, 42:58–79.

80. Bostrom AM, Kajermo KN, Nordstrom G, Wallin L: Barriers to research
utilization and research use among registered nurses working in the
care of older people: does the BARRIERS scale discriminate between
research users and non-research users on perceptions of barriers?
Implement Sci 2008, 3:24.

81. Kajermo KN, Bostrom AM, Thompson DS, Hutchinson AM, Estabrooks CA,
Wallin L: The BARRIERS scale - the barriers to research utilization scale: A
systematic review. Implement Sci 2010, 5:32.

doi:10.1186/1748-5908-7-48
Cite this article as: Kennedy et al.: An interdisciplinary knowledge
translation intervention in long-term care: Study protocol for the
vitamin D and osteoporosis study (ViDOS) pilot cluster randomized
controlled trial. Implementation Science 2012 7:48.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods and design
	Discussion
	Trial registration

	Background
	Identifying the knowledge-to-action gaps

	Methods
	Study population
	Aims and objectives
	Study outcomes
	Feasibility
	Clinical
	Study design
	Randomization and consent
	Intervention
	Target audience
	Development and piloting the intervention
	Multifaceted intervention components
	Control homes
	LTC osteoporosis toolkit and website
	Post-study sustainability

	Data collection
	Facility-level
	Patient-level
	Qualitative data
	Trial management
	Data monitoring
	Blinding

	Data analysis
	Quantitative analysis
	Qualitative analysis
	Sample size
	Ethical considerations


	Discussion
	Abbreviations
	Competing interests
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


