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Abstract

Summary Using an electronic medical record (EMR)-based dashboard, this study explored osteoporosis care gaps in primary

care. Eighty-four physicians shared their practice activities related to bone mineral density testing, 10-year fracture risk calcu-

lation and treatment for those at high risk. Significant gaps in fracture risk calculation and osteoporosis management were

identified.

Purpose To identify care gaps in osteoporosis management focusing on Canadian clinical practice guidelines (CPG) related to

bone mineral density (BMD) testing, 10-year fracture risk calculation and treatment for those at high risk.

Methods The ADVANTAGE OP EMR tool consists of an interactive algorithm to facilitate assessment and management of fracture

risk using CPG. The FRAX® and Canadian Association of Radiologists and Osteoporosis Canada (CAROC) tools were embedded to

facilitate 10-year fracture risk calculation. Physicians managed patients as clinically indicated but with EMR reminders of guideline

recommendations; participants shared practice level data on management activities after 18-month use of the tool.

Results Eighty-four physicians (54%) of 154 who agreed to participate in this study shared their aggregate practice activities.

Across all practices, there were 171,310 adult patients, 40 years of age and older, of whom 17,214 (10%) were at elevated risk for

fracture. Sixty-two percent of patients potentially at elevated risk for fractures did not have BMD testing completed; most

common reasons for this were intention to order BMD later (48%), physician belief that BMD was not required (15%) and

patient refusal (20%). For patients with BMD completed, fracture risk was calculated in 29%; 19% were at high risk, of whom

37% were not treated with osteoporosis medications as recommended by CPG.

Conclusion Despite access to CPG and fracture risk calculators through the ADVANTAGE OP EMR tool, significant gaps

remain in fracture risk calculation and osteoporosis management. Additional strategies are needed to address this clinical inertia

among family physicians.

Keywords Osteoporosis . Electronic medical record . Decision support tools . Care gaps

Introduction

Osteoporosis is treatable and fractures can be prevented [1].

However, it remains largely undiagnosed and untreated [2–4].

Fewer than 20% of women and 10% of men experiencing a

fragility fracture receive therapies to prevent further fractures

[2, 3, 5]. Canadian clinical practice guidelines (CPGs) for the

assessment andmanagement of osteoporosis specify that man-

agement should be guided by an assessment of patients’ ab-

solute risk of fractures [1]. Recommendations from these
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guidelines include, obtaining a history and physical examina-

tion to identify risk factors for falls and fractures that would

warrant further radiographic imaging, bone mineral density

(BMD testing), and calculation of 10-year risk of major oste-

oporotic fractures (i.e., fracture of the hip, clinical vertebra,

forearm or proximal humerus). Fracture risk assessment can

be conducted with either the Fracture Risk Assessment tool

(FRAX®) [6] or the Canadian Association of Radiologists

and Osteoporosis Canada (CAROC) absolute fracture risk as-

sessment [7]. Those deemed at high risk should be considered

for both pharmacological (antiresorptive agents, bone-

forming agents, calcium and vitamin D supplementation)

and non-pharmacological (exercise, falls prevention, smoking

cessation) interventions [1]. The use of FRAX® has been

included in many osteoporosis CPGs to facilitate osteoporosis

case-finding and treatment decisions [1, 8–10]. Despite the

availability of fracture risk assessment tools and advances in

pharmacological therapies, osteoporosis continues to be

underdiagnosed and undertreated [11–13]. Barriers to the

use of osteoporosis CPG include clinician uncertainty about

fracture risk assessment, lack of clinical protocols and organi-

zational processes to support use of best practices [11, 14, 15],

concerns about medication side effects [16, 17], and lack of

knowledge on medication use (drug holidays, when to stop)

[11]. Fracture liaison services have been demonstrated to im-

prove communication, management, and outcomes; however,

these discharge coordination initiatives are rare in Canadian

hospitals [18]. Much of the research on improving treatment

in osteoporosis has focused on interventions in specialized

fracture clinics [18], but very little has been conducted at the

primary care level. Family physicians have identified a need

for clinical support tools that identify potential risk factors,

calculate fracture risk, and advice on treatment options [19].

In a study of 1054 family physicians in Ontario, 77% identi-

fied the lack of electronic medical record (EMR) tools as a

significant barrier to implementing the osteoporosis CPG [20].

The absence of EMR reminders and recalls for medications

requiring regularly scheduled injections has been identified as

decreasing adherence and causing discontinuation [11].

There is evidence in the literature that clinical decision

support systems that integrate decision support tools within

EMR software can improve care processes and health out-

comes [21–23]. A review of research on EMR dashboards

found that they provide a significant opportunity for efficient-

ly and accurately gathering and processing patient data and

improving quality of care [24]. A proof of concept study on an

EMR quality dashboard focused on 17 health care clinical

indicators, not including osteoporosis, found that within 90

days of training, documentation (coding) of patient diagnoses

(diabetes, hypertension), screening results (colorectal cancer,

breast cancer), and smoking and body mass index status in-

creased by up to 4% [25]. Similar quality improvements were

found with the use of a diabetes-specific EMR dashboard [26].

Consistent with these types of dashboards and building on the

identified needs of Canadian family physicians for more edu-

cation on the assessment and management of osteoporosis and

their desire for EMR-based tools to support guideline imple-

mentation [20], we developed the Dashboard Initiative for

Quality Improvement in the Management of Patients with

Osteoporosis (ADVANTAGE OP). The ADVANTAGE OP

dashboard serves as a mechanism for alerting physicians of

patients’ potential fracture risk to improve screening and man-

agement. In this study, we used this EMR-based osteoporosis

decision-support tool to identify potential care gaps in the

implementation of best practice recommendations in patients

with or at risk for fracture and assess the management of these

patients by Canadian primary care physicians.

Methods

Participants

A convenience sample of two-hundred family physicians

practicing across Canada whose practice used Telus PS

Suite and MedAccess EMR platforms were invited to partic-

ipate in this study. Telus also advertised recruitment for this

study in their corporate newsletter and other educational fo-

rums. The most common EMR vendor is Telus EMR plat-

forms in Ontario and to a lesser extent British Columbia and

Alberta. Participants were required to use the ADVANTAGE

OP EMR dashboard for a period of 18 months (July 31st,

2018–December 31, 2019) to share practice level EMR data

(not patient level data) and where relevant provide the reasons

why management differed from that recommended in

Canadian CPGs. At the end of the 18-month time period,

participants’ practice level data were downloaded for analysis.

Participants receivedmonetary compensation (fair market val-

ue honorarium) to use the ADVANTAGE OP dashboard to

review their practice-related osteoporosis assessment and

management; it was anticipated that total time commitment

in this study would be a minimum of 12 h.

Electronic medical record dashboard

Participants completed an educational session, which included

an introduction to the osteoporosis and falls custom EMR tool

[27] and instruction on how to use the ADVANTAGE OP

EMR dashboard. Participants also had access to a study spe-

cific protocol that contained educational resources on risk as-

sessment and osteoporosis management, including Canadian

CPGs. The ADVANTGE OP EMR dashboard is an interac-

tive algorithm designed to facilitate the use of evidence-based

management strategies related to: (1) BMD testing for patients

potentially at high risk, (2) fracture risk assessment, and (3)

appropriate utilization of pharmacological therapy based on
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Canadian osteoporosis CPGs [1]. Consistent with the

Canadian osteoporosis CPGs, patients were deemed as poten-

tially at high risk for fracture when any of the following

criteria are met: (1) all females, age ≥70 years, (2) age ≥50

years with any of the following criteria documented: fracture

of the proximal humerus, wrist, vertebral, pelvis, or femur, or,

(3) femoral neck or lumbar spine t-score less than or equal to

−2.5 [7].

The EMR dashboard consisted of four steps that users

proceeded through; these steps are summarized in Fig. 1.

Within the EMR dashboard, patients within each partici-

pants’ practice with osteoporosis and fractures were iden-

tified based on Systematized Nomenclature of Medicine

Clinical Terms (SNOMEDCT) code 64859006 or

International Classification of Disease 9 (ICD-9) codes

for fracture or osteoporosis [28], BMD T-scores (≤2.5),

high 10-year fracture risk according to FRAX® (≥20%

or ≥3% hip fracture risk) or CAROC (Step 1). To ensure

all relevant patients were included in the dataset, those

patients who had a prior fracture or potentially having a

history of osteoporosis, but who did not have this listed in

the EMR problem list were identified for physicians to

determine if they met ICD-9 criteria for fracture or oste-

oporosis codes. Participants were asked whether they

would like to request BMD testing for patients potentially

at high risk for fractures, including those at high risk who

are on treatment and require annual BMD testing and

those at moderate risk on treatment who require BMD

testing every three years. When it was decided not to

order BMD testing, participants were asked to provide a

reason for their management decision from the following:

patient refusal, not easily accessible/available in my prac-

tice area, prior BMD was normal/low risk, do not believe

BMD is required, would like specialist referral for BMD,

referred for BMD/awaiting results, or, will refer for BMD

soon. Physicians were able to select more than one reason

for why BMD was not ordered (Step 2). Patients with

available BMD test results but for whom 10-year risk of

fracture was not yet calculated were identified and for

each patient, participants were asked to calculate the in-

dividual’s fracture risk using FRAX® or CAROC, both of

which are embedded in the dashboard (Step 3). Patients

identified at high risk for fracture based on fracture risk

calculations with no prescribed fracture prevention medi-

ca t ions (e .g . , b i sphosphonates , denosumab, o r

teriparatide) were identified and participants were asked

if they would treat them based on CPGs and if not, pro-

vide a reason for their management decision from a spec-

ified list of reasons: patient refusal, social reason (cost,

access), medical reason (side effects, intolerance, comor-

bid conditions), specialist prescribed treatment plan, belief

that no treatment was the most appropriate plan, disagree-

ment with recommendation, lack of comfort with making

treatment changes, or, intentions to modify the treatment

plan (Step 4). Physicians were able to select more than

one reason for this management decision. The list of ther-

apies in the dashboard was complete for those medica-

tions available based on provincial drug plans and most

frequently used in Canada for fracture prevention.

Outcome measures

The primary outcome measures were: (1) proportion of pa-

tients potentially at high risk for fractures based on study

criteria for whom BMD testing was not completed and rea-

sons why, (2) proportion of patients for whom BMD testing

was completed but T-score was not documented, and (3) the

proportion of patients at known high risk for fractures based

on CAROC or FRAX® who were not treated according the

osteoporosis CPG [1].

Statistical analysis

Patient counts for each participant were calculated automati-

cally within the Telus system for each of the four steps within

the dashboard and downloaded as aggregated across all par-

ticipants in an excel.csv format. Descriptive analysis of each

metric was reported using frequency and percentage. All anal-

ysis was performed using SAS 9.4 software (SAS Institute,

NC, USA).

Results

A total of 154 physicians agreed to participate in this study; 84

(54.5%) shared their practice activities using the dashboard.

Of the participants who shared their practice data, the majority

were from Ontario (N = 51; 60.7%). The remaining partici-

pants were from British Columbia (N = 17; 20.2%), Alberta

(N = 9; 10.7%), Nova Scotia (N = 6; 7.1%) and Saskatchewan

(N = 1; 1.2%).

A summary flow chart of the dashboard results is presented

in Fig. 2. Among the total patient population (171,310) across

all participants (N = 84), 8,158 patients were identified in Step

1 as needing to be coded with osteoporosis or fracture in the

EMR problem list; 66.8% (N = 5,446) of whom had osteopo-

rosis based on documented ICD-9 733 or with SNOMEDCT

code 64859006. Physicians were asked to review the files of

2,712 (33.2%) patients, who potentially could have osteopo-

rosis but who were not coded as such. Some of these patients

(17.8%, n = 482) had risk scores (based on FRAX® or

CAROC) of equal to or greater than 20% but were not coded

as having osteoporosis. Others had BMD T-scores ≤2.5

(2.8%, n = 75), a diagnosis of osteoporosis listed in two or

more physician reimbursement codes (23.9%, n = 648), or

osteoporosis documented as text (23.9%, n = 647) but were
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STEP 1: Code Your Osteoporosis and Fracture Patients

Purpose: To identify patients with or at risk for fractures, so that they can be coded and 

reliably identified in the dashboard. 

Response Generated by Dashboard: Patients are categorized as: having a prior fracture, 

potentially having a history of osteoporosis, not coded in the problem list, potentially having 

osteoporosis based on BMD T-score 2.5,  fracture risk score (FRAX or CAROC) >10% or 

based on osteoporosis diagnosis physician reimbursement codes, or as having osteoporosis 

based on documented diagnostic codes.

Expected Physician Response

Review patients who potentially have osteoporosis but who are not coded in the problem list; 

update problem field as relevant. Determine if patients with osteoporosis previously coded are 

active or inactive (no longer part of practice).

STEP 2. Heightened Need for BMD Screening

Purpose: to identify patients that are potentially at high risk for osteoporosis requiring BMD 

screening.

Response Generated by Dashboard: Patients potentially at risk but who do not have a BMD 

report or T-score documented are identified.

Expected Physician Response

Review patient records to determine if BMD is required, or to enter BMD T-scores if available 

but not documented. When BMD is required, physicians are to recall patients to order BMD or 

provide a reason for not ordering BMD.

STEP 3. Calculate 10-year Fracture Risk in Patients with BMD Completed

Purpose: to identify 10-year fracture risk using CAROC or FRAX for patients with 

osteoporosis coded or identified potentially at risk with BMD completed, but who do not have 

a 10-year fracture risk documented. 

Response Generated By Dashboard: Patients are categorized as being at low, moderate or 

high risk for fractures, or as not having a documented risk score.

Expected Physician Response

Review patients with osteoporosis coded or heightened need (Age 65 with risk factors) for 

risk score with BMD completed to either calculate fracture risk with CAROC or FRAX or 

provide a reason for their management decision.

STEP 4: Medication Review

Purpose: to identify high risk patients without medication prescribed to conduct a review. 

Response Generated by Dashboard: Patients with a most recent 10-year fracture risk score of 

20 (CAROC or FRAX) are categorized as being on treatment (bisphosphonates, denosumab, 

teriparatide), no treatment documented, or not currently on treatment but a reason provided. 

Expected Physician Response

Review all patients listed as being at high risk with no medication documented to either recall 

patients for treatment change or decide no medication treatment is appropriate; when 

medication is not prescribed select a reason for this from a list of response choices.
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not coded as having osteoporosis. Similarly, 31.7% of patients

(n = 860) had a fracture documented as text, but were not

coded as having had a fracture.

Heightened need for BMD testing

Among the whole patient population (171,310), a total of

17,214 (10%) patients were identified as potentially at

high risk for fractures, the majority of whom (61.6%, n

= 10,607) did not have completed BMD testing whereas

34.2% (n = 5,882) did (Figs. 2 and 3). Among patients

potentially at high risk for fracture with completed BMD

testing (N = 5,882), only 26.5% (n = 1,558) of patients

had their T-scores documented within their EMR. Of

those patients identified as potentially at risk for fractures

(N = 17,214), a relatively small proportion (4.2%, n =

725) had a reason listed for why BMD testing was not

completed. Fig. 4 presents the reasons physicians provid-

ed for why BMD testing was not completed for patients

potentially at high risk; the most common being patient

refusal in 19.6% (n = 209) and 47.8% (n = 509) indicating

intentions to order BMD testing. BMD testing by age is

�Fig. 1 Summary description of the ADVANTAGE OP electronic

medical record dashboard

CAROC, Canadian Association of Radiologists and Osteoporosis

Canada; FRAX®, Fracture Risk Assessment tool

Total patient population
N = 171,310

Step One: Coding patients for osteoporosis or fractures
Patients requiring coding 

N = 8158

Documented osteoporosis based 
ICD or SNOMED codes*

N = 5,446 (66.8%)

Not coded but potential 
osteoporosis

N = 2,712 (33.2%)

Reason for no BMD provided
N = 725 (4.2%)

No 10-year fracture risk 
score calculated

N = 5,531 (70.0%)

Completed BMD
N = 5,882 (34.2%)

No completed BMD testing 
N=10,607 (61.6%)

Step Two: Heightened Need for BMD Testing
Potentially at high risk for fractures 

N = 17,214

Step Three: 10-year fracture risk in patients with 
completed BMD Testing

Completed BMD regardless of risk status
N = 7,901

Reason for no risk score 
provided

N = 55 (0.7%)

10-year fracture risk 
calculated

N = 2,315 (29.3%)

Low risk
N = 759 (32.8%)

Moderate risk
N = 1,109 (47.9%)

High risk
N = 447 (19.3%)

Prescribed osteoporosis 
medications

N = 289 (63.4%)

Not prescribed 
osteoporosis medications

N = 167 (36.6%)

Step Four: Medication review for those at high risk
N = 456**

Fig. 2 Summary flow chart of

the dashboard results. BMD,

Bone Mineral Density

Arch Osteoporos           (2021) 16:76 Page 5 of 11    76 



shown in Fig. 5. In almost 75% (n = 35,308) of patients

65 years of age and older, BMD testing was not

completed.

10-year Fracture risk in patients with BMD

Among all patients with completed BMD screening (N =

7901; regardless of risk status for fractures), risk scores were

calculated using FRAX® or CAROC in 29.3% (n = 2,315) of

patients; 70.0% (n = 5,531) of patients did not have risk scores

calculated and 0.7% (n = 55) had a reason listed for why a

fracture risk score was not calculated. Among those with cal-

culated risk scores (N = 2,315), 19.3% (n = 447) were at high

fracture risk; 32.8% (n = 759) were at low risk and 47.9% (n =

1,109) were at moderate risk.

Medication review

Among those at high fracture risk (N = 456), 63.4% (n = 289)

were on medications for osteoporosis (n = 167 on

bisphosphonates; n = 122 on denosumab). The most common

reason for non-treatment was the belief that this was appropri-

ate (44.4%, n = 115); in 9.7% of cases (n = 25), the physician

intended to modify the treatment plan (Fig. 6). Other reasons

included patient refusal, social or medical reasons, a specialist

made treatment decisions, disagreement with recommenda-

tions and lack of comfort in making treatment changes.

Discussion

Despite evidence that interventions combining education and

EMR-based alerting systems can increase BMD screening and

appropriate osteoporosis medication prescribing [29], in this

study, there continued to be a significant number of patients at

risk who were not screened or treated.

Point-of-practice tools including algorithms and checklists,

and integration of decision support tools into EMRs have been

identified as strategies for supporting CPG implementation

[30]. Alerting systems appear to be key to facilitating practice

change. A study examining the use of an osteoporosis order

set embedded within an EMR found that while it increased the

prescribing of calcium, it had minimal impact on the prescrib-

ing of osteoporosis medication; these findings were attributed,

in part, to the lack of an alerting or reminder function [31].

While physicians value point-of-practice tools and have iden-

tified a desire more EMR-based tools to facilitate clinical de-

cision making, the fact exists that these tools create an extra

layer to their work flow. Tool complexity, lack of time to

become familiar with and use the tool during patient visits,

9.1

25.1

61.6

4.2
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BMD done,  T-score

documented* (N = 1,558)
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BMD not done, reason

provided  (N = 725)
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Fig. 3 Status of BMD screening

among patients identified

potentially at risk for fractures (N

= 17,214)
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accessible in
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results
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Fig. 4 Barriers for ordering BMD

for patients potentially at risk (N =

1065)*
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and financial disincentives have been identified as barriers to

using these types of tools in clinical practice [20]. In this

study, fracture risk scores were only calculated in 29% of

patients with completed BMD screening. In a qualitative study

of physicians’ views of osteoporosis management, physicians

reported that their limited use of the FRAX® tool for calcu-

lating fracture risk was because the FRAX® was not embed-

ded into the EMR [32]. Intuitively it makes sense that the extra

step of accessing FRAX® online would be barrier; however,

in the current study, FRAX® and CAROC were embedded

within the dashboard for immediate access. Other strategies

are needed to facilitate their use. The development of tools that

self-populate with existing information within the EMR (pas-

sive data collection) may address barriers related to time con-

straints and the performance of extra steps to ascertain results

to better identify those at risk for fractures [33, 34]. Moreover,

it has been suggested that combined education and decision

support tools aimed at both physicians and patients may be

effective for osteoporosis management [35].

This study highlights significant care gaps in the assess-

ment and management of osteoporosis, despite the use of an

EMR-based dashboard to improve treatment. Only a third of

those potentially at high risk for fractures had BMD testing

completed, and among all patients with BMD completed, only

a third had 10-year fracture risk scores documented. Among

those with high 10-year fracture risk scores, a third were not

on treatment. These findings are consistent with other studies

that have found that, despite the prevalence of fragility frac-

tures, there remains a considerable care gap [2, 3, 36, 37]. The

lack of treatment following a fracture is in sharp contrast to

other conditions where one medical event is predictive of sub-

sequent events, such as acute myocardial infarction after

which 96% of patients are prescribed beta-blockers and 98%

aspirin to prevent subsequent events [38]. We found that a

high proportion of physicians indicated intentions to order

BMD testing “soon”, the fact remains that they did not order

the testing when first alerted to potential risk. When physi-

cians did order BMD testing, the resulting T-scores were often

not documented, preventing a potential alert for calculating

fracture risk. Challenges into the integration and usability into

workflow included osteoporosis and fractures were not well

coded/documented in the EMR with ICD codes that identify

fractures and osteoporosis, and BMD reports not automatical-

ly populating the EMR [39].

Forty-four percent of physicians indicated that they were

not prescribing medication to patients at high risk of fracture

because they believed their current care plan for their patients

was appropriate. It is not clear why physicians perceive a

0
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Fig. 6 Reasons provided for non-

treatment in high risk patients (N

= 259)*
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treatment plan contrary to CPG would be appropriate.

Potential adverse effects, particularly as related to potential

atypical femur fractures associated with bisphosphonate use,

scepticism about treatment efficacy, and a perceived lack of

urgency for treating osteoporosis have recently been identified

as reasons for not prescribing osteoporosis medications [11,

12, 16]. Further research is needed to better understand why

physicians choose not to treat patients for osteoporosis and

how this might best be mediated, particularly with education

aimed at addressing negative physician attitudes and beliefs

towards osteoporosis treatment. There may be factors related

to comorbid conditions, such as a desire to minimize

polypharmacy or physician attitudes towards osteoporosis

and fracture prevention. There is some evidence that physi-

cians believe that osteoporosis is not as much of a priority to

treat in comparison to other conditions such as diabetes, car-

diovascular disease and hypertension [32, 40]. Organizational

support may be an additional factor facilitating the implemen-

tation CPG and point-of-practice tools [41–43]. As physicians

in this current study were recruited individually, not at a prac-

tice setting level, the role of organizational support and pro-

motion in using the Advantage OP dashboard is not known.

Further research is needed to understand the role that organi-

zational support and environmental context play in facilitating

the use of the dashboard.

Limitations

Participants in this study were self-selected and thus selection

biasmay impact the generalizability of our findings. The dash-

board did not include raloxifene and hormone therapy as anti-

fracture therapies, which may have resulted in an underesti-

mation of patients receiving some fracture protection.

However, while these medications are both available in

Canada, utilization in Canada and other countries for osteopo-

rosis is low and thus it was decided not to include them in the

dashboard [44, 45]. As practice level data were collected, the

absence of patient level data limits our understanding of the

decisions made about the BMD screening and treatment.

While 447 patients were deemed at high risk for fractures

based on 10-year fracture risk calculations, information on

the management of 456 patients was generated. At the time

that physicians shared their practice information at study end,

there were 25 cases in which they intended to modify the

patients’ treatment plan; information on whether this occurred

is not available. In total, 7,901 patients had BMD testing com-

pleted regardless of risk status. While it is not entirely clear

why patients at low risk were completing BMD testing and

some at high risk were not being tested, this could reflect that

some patients may have completed BMD testing over the age

of 65 who were not at risk, consistent with CPGs [1]. The

collection of practice level data also does not allow us to fully

understand changes in observations, which may result when

patients leave and new patients enter a practice or their health

status changes as classified by their physician. A high propor-

tion of participants (46%) did not share their practice data. It

has been suggested that this might be due to perceptions that it

involved too much time for the amount of work and compen-

sation provided or, because this was new learning for some

physicians, they were unsure of how to “share” data and may

have been uncomfortable with sharing their data. It has also

been suggested that as use of the dashboard requires a staff

member to execute patient recalls, limited health human re-

sources may have limited use of the dashboard. Following the

study time period, we surveyed participants to gather informa-

tion about their practice model and to assess their perceptions

of their use of this tool including perceived helpfulness in

calculating 10-year fracture risk and assessing and managing

patients at heightened risk for fractures, feasibility of use,

identification of potential barriers to utilizing the tool as part

of routine clinical practice and likelihood of continued use of

the tool. In particular, we were interested in identifying the

barriers to use by those physicians who had initially agreed to

participate but failed to use the tool. Unfortunately, the re-

sponse rate to this survey was less than 10%, so we are unable

to provide a greater understanding of the continued clinical

inertia in osteoporosis diagnosis and management. We

attempted to gather some of this information as part of presen-

tations that we conducted to share study results with partici-

pants. A facilitated discussion followed, asking for facilitators

and barriers to treatment of osteoporosis. Identified facilitating

factors included having the guidelines embedded in the EMR

tool and including questions on risk factors for FRAX®.

Barriers included the following: having to input bone mineral

density values into the EMR form, the EMR tool not automat-

ically calculating the FRAX® score, and not being familiar

with FRAX® as the majority of radiologists report using

CAROC.

Future studies will need to better understand the barriers to

using this type of clinical practice tool and potential changes

and strategies needed to improve use of the dashboard. For

example, there may be opportunities to increase use of the

dashboard by involving primary care nurses in its use.

Nurses could maintain documentation on patients experienc-

ing a fracture or having been diagnosed with osteoporosis

(Step 1 in the dashboard process), flagging those requiring

BMD testing (Step 2) and then flagging those requiring frac-

ture risk assessment to family physicians.

This was an observational study. More rigorous methodol-

ogies, including randomized controlled trials comparing the

use of the Advantage OP dashboard with usual care will in-

crease our understanding of the impact associated with this

EMR tool. Further research is needed to better understand

perceptions of the Advantage OP dashboard and opportunities

to improve and sustain usage.
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Conclusion

Despite the use of an EMR decision support tool for osteopo-

rosis, there continues to be significant gaps in BMD testing,

fracture risk calculation and management among high risk

patients, suggesting that additional knowledge translation

strategies are needed to improve both osteoporosis screening

and care. A better understanding of physician interface with

EMR decision support tools as well as patient decision-

making is needed to inform the development of strategies

and tools that will better support the implementation of oste-

oporosis CPG. Point-of-practice and decision support tools,

including those embedded within EMR platforms, should be

utilized to address existing knowledge and action (practice)

gaps and will need to include functions beyond alerting and

reminders to support CPG implementation.

Materials availability Available upon request.

Code availability Software application/ custom code are not available as

they are proprietary to Telus.

Author contribution Study conceptualization, software development, da-

ta interpretation, manuscript preparation and final approval (AP, EM, AB,

UM, LG,MT, AL); data collection, management, and analysis (LG,MT).

Funding This study was supported by Amgen Canada as an investigator-

initiated study coordinated by the Canadian Centre for Professional

Development in Health and Medicine.

Data availability Available upon request.

Declarations

Ethics approval and consent to participate Institutional approval was

not sought for this study as it represents a quality improvement initiative.

Informed consent was obtained from all individual participants included

in the study.

Competing interests Dr. Alexandra Papaionnou has been on the

Amgen Advisory Board and has received research support and honoraria

from Amgen.

Dr. Langer has received on behalf of the Canadian Heart Research

Centre research grant support from Actelion, Amgen, Bayer, BMS,

Merck, Novo Nordisk, Pfizer, Servier and Sanofi.

Open Access This article is licensed under a Creative Commons

Attribution 4.0 International License, which permits use, sharing, adap-

tation, distribution and reproduction in any medium or format, as long as

you give appropriate credit to the original author(s) and the source, pro-

vide a link to the Creative Commons licence, and indicate if changes were

made. The images or other third party material in this article are included

in the article's Creative Commons licence, unless indicated otherwise in a

credit line to the material. If material is not included in the article's

Creative Commons licence and your intended use is not permitted by

statutory regulation or exceeds the permitted use, you will need to obtain

permission directly from the copyright holder. To view a copy of this

licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. 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 (2010) 2010 clinical practice

guidelines for the diagnosis and management of osteoporosis in

Canada: summary. CMAJ 182:1864–1873

2. Papaioannou A, Giangregorio L, Kvern B, Boulos P, Ioannidis G,

Adachi JD (2004) The osteoporosis care gap in Canada. BMC

Musculoskelet Disord 5:11. https://doi.org/10.1186/1471-2474-5-

11

3. Papaioannou A, Kennedy CC, Ioannidis G, Gao Y, Sawka AM,

Goltzman D, Tenenhouse A, Pickard L, Olszynski WP, Davison

KS, Kaiser S, Josse RG, Kreiger N, Hanley DA, Prior JC, Brown

JP, Anastassiades T, Adachi JD (2008) The osteoporosis care gap in

men with fragility fractures: the CanadianMulticentre Osteoporosis

Study. Osteoporos Int 19:581–587. https://doi.org/10.1007/

s00198-007-0483-0

4. McCloskey E, Rathi J, Heijmans S, Blagden M, Cortet B,

Czerwinski E, Hadji P, Payer J, Palmer K, Stad R, O'Kelly J,

Papapoulos S. (2020) The osteoporosis treatment gap in patients

at risk of fracture in European primary care: a multi-country cross-

sectional observational study. Osteoporos Int August 24; e-pub

ahead of print. https://doi.org/10.1007/s00198-020-05557-z.

5. Kanis JA, Johnell O, De LC, Johansson H, Oden A, Delmas P,

Eisman J, Fujiwara S, Garnero P, Kroger H, McCloskey EV,

Mellstrom D, Melton LJ, Pols H, Reeve J, Silman A, Tenenhouse

A (2004) A meta-analysis of previous fracture and subsequent frac-

ture risk. Bone 35:375–382. https://doi.org/10.1016/j.bone.2004.

03.024

6. Kanis JA, Harvey NC, Johansson H, Liu E, Vandenput L,

Lorentzon M, Leslie WD, McCloskey EV (2020) A decade of

FRAX: how has it changed the management of osteoporosis?

Aging Clin Exp Res 32:187–196. https://doi.org/10.1007/s40520-

019-01432-y

7. Leslie WD, Lix LM (2010) Simplified 10-year absolute fracture

risk assessment: a comparison of men and women. J Clin

Densitom 13:141–146. https://doi.org/10.1016/j.jocd.2010.02.002

8. Cosman F, de Beur SJ, LeBoff MS, Lewiecki EM, Tanner B,

Randall S, Lindsay R (2014) Clinician's Guide to Prevention and

Treatment of Osteoporosis. Osteoporos Int 25:2359–2381. https://

doi.org/10.1007/s00198-014-2794-2

9. Compston J, Cooper A, Cooper C, Gittoes N, Gregson C, Harvey

N, Hope S, Kanis JA,McCloskey EV, Poole KES, Reid DM, Selby

P, Thompson F, Thurston A, Vine N (2017) UK clinical guideline

for the prevention and treatment of osteoporosis. Arch Osteoporos

12:43. https://doi.org/10.1007/s11657-017-0324-5

10. National Institute for Health and Care Excellence. NICE Clinical

Guideline 146. Osteoporosis: assessing the risk of fragility fracture.

Available at: https://www.nice.org.uk/guidance/CG146

11. Naik-Panvelkar P, Norman S, Elgebaly Z, Elliott J, Pollack A,

Thistlethwaite J, Weston C, Seibel MJ (2020) Osteoporosis man-

agement in Australian general practice: an analysis of current oste-

oporosis treatment patterns and gaps in practice. BMC Fam Pract

21:32. https://doi.org/10.1186/s12875-020-01103-2

12. Khosla S, Cauley JA, Compston J, Kiel DP, Rosen C, Saag KG,

Shane E (2017) Addressing the crisis in the treatment of osteopo-

rosis: a path forward. J Bone Miner Res 32:424–430. https://doi.

org/10.1002/jbmr.3074

13. Compston J (2020) Reducing the treatment gap in osteoporosis.

Lancet Diabetes Endocrinol 8:7–9. https://doi.org/10.1016/S2213-

8587(19)30378-X

14. Wall M, Lohfeld L, Giangregorio L, Ioannidis G, Kennedy CC,

Moser A, Papaioannou A, Morin SN (2013) Fracture risk

Arch Osteoporos           (2021) 16:76 Page 9 of 11    76 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/1471-2474-5-11
https://doi.org/10.1186/1471-2474-5-11
https://doi.org/10.1007/s00198-007-0483-0
https://doi.org/10.1007/s00198-007-0483-0
https://doi.org/10.1007/s00198-020-05557-z
https://doi.org/10.1016/j.bone.2004.03.024
https://doi.org/10.1016/j.bone.2004.03.024
https://doi.org/10.1007/s40520-019-01432-y
https://doi.org/10.1007/s40520-019-01432-y
https://doi.org/10.1016/j.jocd.2010.02.002
https://doi.org/10.1007/s00198-014-2794-2
https://doi.org/10.1007/s00198-014-2794-2
https://doi.org/10.1007/s11657-017-0324-5
https://www.nice.org.uk/guidance/CG146
https://doi.org/10.1186/s12875-020-01103-2
https://doi.org/10.1002/jbmr.3074
https://doi.org/10.1002/jbmr.3074
https://doi.org/10.1016/S2213-8587(19)30378-X
https://doi.org/10.1016/S2213-8587(19)30378-X


assessment in long-term care: a survey of long-term care physi-

cians. BMC Geriatrics 13

15. Sawka AM, Ismaila N, Raina P, Thabane L, Straus S, Adachi JD,

Gafni A, Papaioannou A (2010) Hip fracture prevention strategies

in long-term care: a survey of Canadian physicians' opinions. Can

Fam Physician 56:e392–e397

16. Khosla S, Hofbauer LC (2017) Osteoporosis treatment: recent de-

velopments and ongoing challenges. Lancet Diabetes Endocrinol 5:

898–907. https://doi.org/10.1016/S2213-8587(17)30188-2

17. Cauley JA (2020) Closing the osteoporosis treatment gap: a call to

geriatricians. J Gerontol: Series A 75:929–930. https://doi.org/10.

1093/gerona/glaa050

18. Beaton DE,MamdaniM, ZhengH, Jaglal S, Cadarette SM, Bogoch

ER, Sale JEM, Sujic R, Jain R (2017) Improvements in osteoporo-

sis testing and care are found following the wide scale implemen-

tation of the Ontario Fracture Clinic Screening Program: an

interrupted time series analysis. Medicine (Baltimore) 96:e9012.

https://doi.org/10.1097/MD.0000000000009012

19. Jaglal SB, McIsaac WJ, Hawker G, Carroll J, Jaakkimainen L,

Cadarette SM, Cameron C, Davis D (2003) Information needs in

themanagement of osteoporosis in family practice: an illustration of

the failure of the current guideline implementation process.

Osteoporos Int 14:672–676. https://doi.org/10.1007/s00198-003-

1421-4

20. Pritchard J, Karampatos S, Ioannidis G, Adachi J, Thabane L, Nash

L, Mehan U, Kozak J, Feldman S, Hirsch S, Javaisas AV, Cheung

A, Lohfeld L, Papaioannou A (2016) Osteoporosis guideline im-

plementation in family medicine using electronic medical records.

Can Fam Physician 62:e326–e333

21. Garg AX, Adhikari NK, McDonald H, Rosas-Arellano MP,

Devereaux PJ, Beyene J, Sam J, Haynes RB (2005) Effects of

computerized clinical decision support systems on practitioner per-

formance and patient outcomes: a systematic review. JAMA 293:

1223–1238. https://doi.org/10.1001/jama.293.10.1223

22. Damiani G, Pinnarelli L, Colosimo SC, Almiento R, Sicuro L,

Galasso R, Sommella L, Ricciardi W (2010) The effectiveness of

computerized clinical guidelines in the process of care: a systematic

review. BMC Health Serv Res 10:2. https://doi.org/10.1186/1472-

6963-10-2

23. DeJesus RS, Angstman KB, Kesman R, Stroebel RJ, Bernard ME,

Scheitel SM, Hunt VL, Rahman AS, Chaudhry R (2012) Use of a

clinical decision support system to increase osteoporosis screening.

J Eval Clin Pract 18:89–92. https://doi.org/10.1111/j.1365-2753.

2010.01528.x

24. Khairat SS, Dukkipati A, Lauria HA, Bice T, Travers D, Carson SS

(2018) The impact of visualization dashboards on quality of care

and clinician satisfaction: integrative literature review. JMIR Hum

Factors 5:e22. https://doi.org/10.2196/humanfactors.9328

25. Ontario MD (2019) EMR Quality Dashboard Proof of Concept

Phase 2 Report. Available at: https://www.ontariomd.ca/

documents/emr%20quality%20dashboard%20phase%202%

20report%20final%20june2019.pdf

26. Ngui D, Lee A, QiU M (2017) Using a diabetes electronic medical

record (EMR) dashboard to improve diabetes care. Can J Diabetes

41:S53

27. Osteoporosis Canada Osteoporosis and Falls Assessment Custom

Form. Available at: https://www.osteostrategy.on.ca/osteoporosis-

assessment-form-3-2/

28. O'Donnell S (2013) Use of administrative data for national surveil-

lance of osteoporosis and related fractures in Canada: results from a

feasibility study. Arch Osteoporos 8:143. https://doi.org/10.1007/

s11657-013-0143-2

29. Tzortziou B, V, Underwood M, Mohamed N, Westwood O,

Morrissey D. (2016) Professional interventions for general practi-

tioners on the management of musculoskeletal conditions.

Cochrane Database Syst Rev:CD007495. https://doi.org/10.1002/

14651858.CD007495.pub2

30. Gagliardi AR, Marshall C, Huckson S, James R, Moore V (2015)

Developing a checklist for guideline implementation planning: re-

view and synthesis of guideline development and implementation

advice. Implement Sci 10:19. https://doi.org/10.1186/s13012-015-

0205-5

31. Edwards BJ, Bunta AD, Anderson J, Bobb A, Hahr A, O'Leary KJ,

Agulnek A, Andruszyn L, Cameron KA, May M, Kazmers NH,

Dillon N, Baker DW, Williams MV (2012) Development of an

electronic medical record based intervention to improve medical

care of osteoporosis. Osteoporos Int 23:2489–2498. https://doi.

org/10.1007/s00198-011-1866-9

32. Salminen H, Piispanen P, Toth-Pal E (2019) Primary care physi-

cians' views on osteoporosis management: a qualitative study. Arch

Osteoporos 14:48. https://doi.org/10.1007/s11657-019-0599-9

33. LaFleur J, Nelson RE, Yao Y, Adler RA, Nebeker JR (2012)

Validated risk rule using computerized data to identify males at

high risk for fracture. Osteoporos Int 23:1017–1027. https://doi.

org/10.1007/s00198-011-1646-6

34. Unni S, Yao Y, Milne N, Gunning K, Curtis JR, LaFleur J (2015)

An evaluation of clinical risk factors for estimating fracture risk in

postmenopausal osteoporosis using an electronic medical record

database. Osteoporos Int 26:581–587. https://doi.org/10.1007/

s00198-014-2899-7

35. Kastner M, Straus SE (2008) Clinical decision support tools for

osteoporosis disease management: a systematic review of random-

ized controlled trials. J Gen Intern Med 23:2095–2105. https://doi.

org/10.1007/s11606-008-0812-9

36. Bessette L, Ste-Marie LG, Jean S, Davison KS, Beaulieu M,

Baranci M, Bessant J, Brown JP (2008) The care gap in diagnosis

and treatment of womenwith a fragility fracture. Osteoporos Int 19:

79–86. https://doi.org/10.1007/s00198-007-0426-9

37. Giangregorio LM, Jantzi M, PapaioannouA, Hirdes J, Maxwell CJ,

Poss JW (2009) Osteoporosis management among residents living

in long-term care. Osteoporos Int 20:1471–1478. https://doi.org/10.

1007/s00198-009-0837-x

38. Faridi KF, Peterson ED, McCoy LA, Thomas L, Enriquez J, Wang

TY (2016) Timing of first postdischarge follow-up and medication

adherence after acute myocardial infarction. JAMA Cardiol 1:147–

155. https://doi.org/10.1001/jamacardio.2016.0001

39. McGinnCA, Grenier S, Duplantie J, ShawN, Sicotte C,Matheiu L,

Leduc Y, Légaré F, GagnonMP (2011) Comparison of user groups'

perspectives of barriers and facilitators to implementing electronic

hesalth records: a systematic review. BMC Med 9:46. https://doi.

org/10.1186/1741-7015-9-46

40. Otmar R, Reventlow SD, Nicholson GC, Kotowicz MA, Pasco JA

(2012) General medical practitioners' knowledge and beliefs about

osteoporosis and its investigation and management. Arch

Osteoporos 7:107–114. https://doi.org/10.1007/s11657-012-0088-

x

41. Legare F, Ratte S, Gravel K, Graham ID (2008) Barriers and facil-

itators to implementing shared decision-making in clinical practice:

update of a systematic review of health professionals' perceptions.

Patient Educ Couns 73:526–535. https://doi.org/10.1016/j.pec.

2008.07.018

42. Rycroft-Malone J, Harvey G, Seers K, Kitson A, McCormack B,

Titchen A (2004) An exploration of the factors that influence the

implementation of evidence into practice. J Clin Nurs 13:913–924.

https://doi.org/10.1111/j.1365-2702.2004.01007.x

43. Munce SEP, Butt DA, Anantharajah R, Huang S, Allin S, Bereket

T, Jaglal SB (2016) Acceptability and feasibility of an evidence-

based requisition for bone mineral density testing in clinical prac-

tice. J Osteoporos:6967232. https://doi.org/10.1155/2016/6967232

44. Cadarette SM, Carney G, BaekD,Gunraj N, Paterson JM,Dormuth

CR (2012) Osteoporosis medication prescribing in British

   76 Page 10 of 11 Arch Osteoporos           (2021) 16:76 

https://doi.org/10.1016/S2213-8587(17)30188-2
https://doi.org/10.1093/gerona/glaa050
https://doi.org/10.1093/gerona/glaa050
https://doi.org/10.1097/MD.0000000000009012
https://doi.org/10.1007/s00198-003-1421-4
https://doi.org/10.1007/s00198-003-1421-4
https://doi.org/10.1001/jama.293.10.1223
https://doi.org/10.1186/1472-6963-10-2
https://doi.org/10.1186/1472-6963-10-2
https://doi.org/10.1111/j.1365-2753.2010.01528.x
https://doi.org/10.1111/j.1365-2753.2010.01528.x
https://doi.org/10.2196/humanfactors.9328
https://www.ontariomd.ca/documents/emr%20quality%20dashboard%20phase%202%20report%20final%20june2019.pdf
https://www.ontariomd.ca/documents/emr%20quality%20dashboard%20phase%202%20report%20final%20june2019.pdf
https://www.ontariomd.ca/documents/emr%20quality%20dashboard%20phase%202%20report%20final%20june2019.pdf
https://www.osteostrategy.on.ca/osteoporosis-assessment-form-3-2/
https://www.osteostrategy.on.ca/osteoporosis-assessment-form-3-2/
https://doi.org/10.1007/s11657-013-0143-2
https://doi.org/10.1007/s11657-013-0143-2
https://doi.org/10.1002/14651858.CD007495.pub2
https://doi.org/10.1002/14651858.CD007495.pub2
https://doi.org/10.1186/s13012-015-0205-5
https://doi.org/10.1186/s13012-015-0205-5
https://doi.org/10.1007/s00198-011-1866-9
https://doi.org/10.1007/s00198-011-1866-9
https://doi.org/10.1007/s11657-019-0599-9
https://doi.org/10.1007/s00198-011-1646-6
https://doi.org/10.1007/s00198-011-1646-6
https://doi.org/10.1007/s00198-014-2899-7
https://doi.org/10.1007/s00198-014-2899-7
https://doi.org/10.1007/s11606-008-0812-9
https://doi.org/10.1007/s11606-008-0812-9
https://doi.org/10.1007/s00198-007-0426-9
https://doi.org/10.1007/s00198-009-0837-x
https://doi.org/10.1007/s00198-009-0837-x
https://doi.org/10.1001/jamacardio.2016.0001
https://doi.org/10.1186/1741-7015-9-46
https://doi.org/10.1186/1741-7015-9-46
https://doi.org/10.1007/s11657-012-0088-x
https://doi.org/10.1007/s11657-012-0088-x
https://doi.org/10.1016/j.pec.2008.07.018
https://doi.org/10.1016/j.pec.2008.07.018
https://doi.org/10.1111/j.1365-2702.2004.01007.x
https://doi.org/10.1155/2016/6967232


Columbia and Ontario: impact of public drug coverage. Osteoporos

Int 23:1475–1480. https://doi.org/10.1007/s00198-011-1771-2

45. Viprey M, Calillet P, Canat G, Jaglal S, Haesebaert J, Chapurlat R,

Schott A (2015) Low osteoporosis treatment initiation rate in wom-

en after distal forearm or proximal humerus fracrture: a healthcare

database nested cohort study. PLoS One 10:e0143842. https://doi.

org/10.1371/journal.pone.0143842

Publisher’s note Springer Nature remains neutral with regard to jurisdic-

tional claims in published maps and institutional affiliations.

Arch Osteoporos           (2021) 16:76 Page 11 of 11    76 

https://doi.org/10.1007/s00198-011-1771-2
https://doi.org/10.1371/journal.pone.0143842
https://doi.org/10.1371/journal.pone.0143842

	Use of an electronic medical record dashboard to identify gaps in osteoporosis care
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Participants
	Electronic medical record dashboard
	Outcome measures
	Statistical analysis

	Results
	Heightened need for BMD testing
	10-year Fracture risk in patients with BMD
	Medication review

	Discussion
	Limitations

	Conclusion
	References


