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Abstract

There is a noticeable increase in the unnecessary ordering of Magnetic Resonance Imaging
(MRI) of the knee in older patients. This quality improvement study assessed the frequency
of unnecessary pre-consultation knee MRIs and investigated the effect on the outcome of
the patients’ consultation with the orthopedic surgeon. 650 medical charts of patients aged
55 years or older referred to an orthopedic clinic with knee complaints were reviewed.
Patients arriving with a pre-consultation MRI were identified, and the usefulness of the MRl
was evaluated using the appropriateness criteria developed to support this study. Of the
650 patient charts reviewed, 225 patients presented with a pre-consultation MRI, 76% of
which were not useful for the orthopedic surgeon. The ordered knee MRI scans were con-
sidered not useful because they were requested for confirmed meniscal tear for patients
>55 years, suspected degenerative disorder and ligament/tendon injury, or for patients with
severe osteoarthritis without locking or extension. These MRI scans were done despite the
absence of signs of effusion, tenderness, soft tissue swelling, decreased range of motion, or
difficulty of weight-bearing, a lack of persistent knee joint pain at the time of assessment, or
with no x-ray before ordering MRI. Half of the patients with a pre-consult MRI did not present
with plain radiographs of their knee, however, 35% of those still required an x-ray to be
ordered at the time of the surgical consult. A logistic regression analysis on post-consult dis-
position found that patients with pre-consult MRI were less likely to be considered for total
knee arthroplasty (TKA) (OR 0.424, Cl 0.258-0.698, p = 0.001). Patients assessed by an
advanced practice physiotherapist prior to referral for surgical consult were 4.47 more likely
to have TKA (Cl 2.844—7.039, p< 0.000). Most of the pre-consult knee MRIs were deemed
as unnecessary for the orthopedic surgeon’s clinical decision-making. This study highlights
the potential benefits of following a comprehensive model of care within the referral process
to reduce the unnecessary high orders of pre-consult MRI scans.
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Introduction

Magnetic resonance imaging (MRI) allows for a non-invasive, detailed examination of muscu-
loskeletal derangements [1]. The volume of MRIs ordered to guide clinical diagnoses has con-
tinued to increase in Canada rapidly [1]. In 2010, Canadians underwent 1.4 million MRI tests
[2]. In Ontario alone, an increase in the number of MRI scans from 10 to 60 per 1000 people
has been documented between 2000 and 2016 [3]. Over 80% of all Canadian MRI tests for out-
patients are of the head, spine, and extremities [2]. According to the office of the Auditor-Gen-
eral Ontario (2018), MRI scans have increased by 17% over the past five years. Currently, MRI
scans of the extremities alone account for 20% of the total MRI scans in the province of
Ontario [4]. While there is a legitimate, demand-based growth [2, 5], there is also a noticeable
increase up to 30% in unnecessary MRI ordering [3, 6].

Currently, knee MRI examinations are a cause of controversy as they are frequently
requested and often not indicated [6]. MRI is a sensitive tool for identifying soft tissue patholo-
gies; however, it is of low specificity in determining significant clinical lesions in the knee [7].
This is particularly relevant for older patients with knee pain due to the high prevalence of
degenerative changes [8, 9]. A full comprehensive history, thorough physical examination, and
radiographic findings are fundamental factors in evaluating patients with arthritis and deter-
mining its stage for an informed decision on the management plan [1, 5, 7].

The high rate of ordering MRI before orthopedic consultation is influenced by many factors
that include, but not limited to, the pressure that patients place on primary care physicians
(PCPs) for timely access to services and the long wait time for orthopedic patients to access
care [2, 10, 11]. Furthermore, the recent advancement in the diagnostic imaging (DI) technol-
ogy, and direct access make MRI a more common way to obtain information, the gap in PCPs’
level of experience and training in evaluating orthopedic patients [2, 10], and the diversity in
the utilization of evidence-based practice guidelines when ordering DI [1,12-14].

The goal of this quality improvement retrospective chart review study was to assess the fre-
quency of MRI scans ordered prior to the orthopedic consult, determine the volume deemed
to be clinically unnecessary and to document the reasons for the MRI ordered. The sample
was narrowed to only include patients over the age of 55 with knee pain who were assessed at
an orthopedic clinic in Kitchener, Ontario. This study also aimed to investigate the association
between the ordering of pre-consult MRIs and the outcome of the surgical consultation.

Materials and methods

A retrospective chart review was conducted to collect data on patients referred to an orthopedic
clinic in Kitchener- Waterloo for a knee pain consult over a period of one-year from October
2016. One of the coauthors (SY), an orthopedic resident—with a year of training experience in
orthopedics at the time of data collection- without a clinical role at the participating orthopedic
practice, reviewed all patient charts. The orthopedic resident was mentored and supervised by
one of the coauthors (TH)- an orthopedic surgeon. The resident identified patients 55 years or
older who were referred for chronic knee pain with no history of tumour, cancer or previous
knee surgery to be included in the chart review. Patients who did not meet the inclusion criteria
were excluded from the chart review. The patient data was extracted from referral and consulta-
tion documents, the electronic medical record, as well as diagnostic imaging reports. All patient
information was anonymized for analysis and kept in a password protected Microsoft Excel file.

Determination of unnecessary ordering of MRI imaging

The principles for appropriate use of diagnostic imaging set by the Canadian Association of
Radiology [15], UHN [16] and Choosing Wisely Canada [17] were used to develop decision
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making criteria to assist in determining the necessity of the pre-consult knee MRIs for the pur-
poses of this study. The list of criteria used to identify unnecessary MRI scans is illustrated in
Fig 1. For example, MRI scans were identified as unnecessary if the: 1) diagnosis could have
been made by history, physical exam, or X-ray alone; 2) patient was asymptomatic by the time
of presentation for orthopedic consultation; 3) poor or absent supportive clinical information;
4) MRI was conducted for the wrong joint; 5) no x-ray prior to the MRI scan; 6) patients with
a confirmed meniscal tear are >55 years; 7) suspected degenerative changes with any type of
pain; 8) moderate or severe osteoarthritis without a locking or extension and 9) no signs of

Necessary MRI

Unnecessary MRI

Soft tissue lesion on
MRI

Meniscal tear in
patients >55 years

Meniscal tear in
patients <55 years

Suspected tumor
(inconclusive x-ray)

Moderate or severe
OA without locking or
extension (difficulty
weight bearing)

Mild OA, with
persistent pain >3
months

Pain was not
persistent at the time
of assessment

No x-ray prior to MRI

Locked knee

Suspected
ligamentous injury

MRI of the wrong
joint

Persistent soft tissue
collection (effusion,
swelling, abscess,
cellulitis)

Suspected
degenerative changes
with any types of pain
(acute, ongoing, sever,

mild, and

manageable,
functional

Extra-curricular
infection of bone
( osteomyelitis)

No signs of effusion,
swelling, abscess,
cellulitis)

Clinician was not able
to provide diagnosis
based on history,
exam and x-ray

No suspected Extra-
curricular infection of
bone (osteomyelitis)

Fig 1. Algorithm to determine necessity of ordered knee pain MRI scans.

https://doi.org/10.1371/journal.pone.0241645.g001
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effusion, swelling or abscess. As a final step, consultation notes were reviewed to support the
decision on necessity of the MRI scans.

Data collection

During the chart review process, patient information including age, sex, and diagnosis were
recorded. The date of referral, consult, and any imaging were also noted, as well as patient dis-
position following consultation (i.e., conservative management, arthroscopy, or total knee
arthroplasty). Some orthopedic patients, particularly those with knee pain, were first assessed
at a physiotherapy assessment clinic (PAC) to determine whether they should be referred on
to surgical consult. This aspect of care was documented during the chart review so that those
who had attended the PAC could be analyzed separately. The data collection also included
whether plain radiographs, MRIs or both types of imaging accompanied the referral, and
occurrences of follow up appointments scheduled to obtain radiographs if the patient pre-
sented with an MRI only. Pathological findings from both MRI and radiographic imaging
were recorded.

Analytic approach

Descriptive analyses were conducted and summary statistics describing the study sample were
expressed as number (%) for categorial variables or mean (SD) for continuous variables. Asso-
ciation of categorical variables based on MRI ordering as well as appropriateness of the
ordered MRI scans were assessed using chi-square tests and the significance of continuous var-
iables was assessed using independent student t test. Multivariate analysis was also done using
a binominal logistic regression to predict the probability of the dependent variables based on
different independent variables that are continuous and/or categorical. The strength of associ-
ation or non-dependence between the variables under investigation were examined at 95%
confidence intervals. Statistically significant differences were considered at p value <0.05.
Data was analyzed using the Statistical Package for Social Sciences (SPSS) (SPSS; IBM Corp,
Armonk, NY. Version 25; 2019).

Results

Charts of 1221 patients with knee pain referred in the study period were identified and retro-
spectively reviewed. A total of 650 patients met the inclusion criteria and were included in the
analysis. Of those, 225 patients (35%) had a pre-consult MRI (Fig 2).

Demographic and clinical characteristics of the overall sample are presented in Table 1. Sig-
nificant differences were reported between the group with pre-consult MRI scans and those
who had no MRI based on age, meniscal/ligamentous pathology as reason of referral, propor-
tion of x-rays ordered prior to consultation, frequency of radiology ordered by the surgeon,
and referral to surgeon following a PAC assessment (p<(0.000). Significant differences were
also detected between both groups regarding post-consult disposition outcomes (Table 1).

The reported reasons for referrals with a pre-consult MRI are presented in Table 3. About
half of the unnecessary MRI scans ordered for a confirmed meniscal tear for patients >55
years and a suspected degenerative disorder and ligament/tendon injury, 21.1% for patients
with non-persistent knee joint pain and 21.8% for patients with severe or mild osteoarthritis
without locking or extension.

Factors associated with MRI ordering are presented in Table 3. Patients referred with a rea-
son of meniscal/ligamentous pathology were 17 times more likely to be ordered an MRI than
the other patients. Patients referred to the orthopedic specialist following a PAC assessment
were less likely to have an MRI ordered pre-consultation. Pre-consult x-ray was inversely
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Patients referred to orthopedic clinic
for knee-related consultation from
October 1, 2015 to October 1, 2016

n=1221
Patients < 55 years old Patients > 55 years old
n=>571 n =650
Patients with pre-consultation MRI Patients without pre-consultation MRI
n =225 n =425

Fig 2. Selection process diagram.

https://doi.org/10.1371/journal.pone.0241645.9002

Table 1. Characteristics of knee pain MRI vs no MRI scans ordering.

Overall Pre-consultation MRI Group No-MRI group P Value

(n =650) (n=225) (n =425) (MRI VS. No MRI)
Age
Mean (SD) 67.79 + 8.74 63.17 +7.01 70.17 + 8.60 P =0.000
Gender
Females n (%) 368 (56.5%) 125 (55.6%) 243 (56.9%) P =0.707
Time to consult (days)
Mean (SD) 199.96 + 120.78 202.25 +131.80 198.32 + 114.89 P =0.707
Reason for referral was meniscal /ligamentous pathology
Yes n (%) 131 (20%) 121 (53.8%) 10 (2.3%) P =0.000
X-rays ordered prior to consultation
Yes n (%) 513 (78.9%) 112 (50.0%) 401 (94.2%) P =0.000
Post-consult disposition
Conservative 311 (47.8%) 134 (59.6%) 177 (41.5%) P =0.000
Arthroscopy 46 (7.1%) 42 (18.6%) 4 (1.0%) P =0.000
Total Knee 294 (45.1%) 49 (21.8%) 244 (57.2%) P =0.000
Arthroplasty
Patients referred through MAC
Yesn (%) 151 (23.2%) 9 (4.0%) 142 (33.3%) P = 0.000
MRI ordered by orthopedic surgeon
Yes n (%) - - 4(1.8%)

Significant differences were detected between the necessary and the unnecessary pre-consultation MRI scans related to the age of patients, wait-time (in days) to consult,
and the number of x-rays ordered by surgeon at the time of the consultation (p<0.000, p<0.000, and p = 0.005, respectively). For patients with an unnecessarily ordered
pre-consult MRI and no x-ray, 35% required an x-ray to be ordered at the time of the surgical consult (Table 2).

https://doi.org/10.1371/journal.pone.0241645.t001
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Table 2. Characteristics of the ordered MRI pre-consultation.

Age

Mean (SD)

Gender

Females n (%)

Time to consult (days)
Mean (SD)

Reason for referral was meniscal/ligament tear

Yes n (%)

X-rays ordered prior to consultation

Yes n (%)

X-ray ordered by surgeon at consultation
Yes n (%)

Necessary Pre-consultation MRI | Unnecessary Pre-consultation MRI | P Value

X-ray ordered by surgeon at consultation for patients with no prior x-ray

Yes n (%)
https://doi.org/10.1371/journal.pone.0241645.1002

(n=55) (n =170)
59.29+ 4,27 64.68 + 7.40 P = 0.000
24 (43.6%) 101(59.4%) P =0.707
141.27+108.976 222.21+132.776 P = 0.000
34 (61.8%) 87 (51.2%) P=0.111
27 (49.0%) 85 (50.0%) P =0.500
2 (3.9%) 30 (18.8%) P = 0.005
2 (8.3%) 26 (34.7%) P = 0.009

associated with the ordering of MRI. The more x-rays to be ordered prior to the consultation,
the less likely patients would be ordered to have an MRI by a factor of 6.99 (Table 4).

A logistic regression model was computed to detect factors associated with total knee
arthroplasty (TKA). It was found that patients with pre-consult MRI and patients referred
with meniscal/ligamentous pathology are less likely to get TKA, while patients referred to sur-
geons following a PAC assessment are 4.47 times more likely to get a TKA (Table 5).

Discussion

Our study aimed to explore the prevalence and clinical necessity of the ordered MRI scans
prior to receiving a surgical consult for knee pain. The results showed that 35% of patients pre-
senting at an orthopedic clinic with knee pain had a pre-consult MRI; of those, 76% were
deemed clinically unnecessary. Our findings also revealed that ordering X-ray pre-consulta-
tion was inversely associated with ordering MRI and also patients referred to the orthopedic
specialists through a PAC were less likely to have an MRI ordered pre-consultation.

Our results are consistent with Huebner and colleagues’ (2019) chart review study, which
reported that 84% of MRI scans ordered pre-consult were clinically inappropriate [18]. Several
factors contribute to the unnecessary MRI usage in Canada. Evidence shows a variation in the
appropriate MRI ordering between orthopedic surgeons and non-orthopedic clinicians [1].
Primary Care Physicians tend to order more MRIs prior to orthopedic consultation to expedite

Table 3. Reported diagnosis and reasons for referral of patients with an MRI.

Reason Pre-consultation MRI Unnecessary Pre-consultation MRI
(N =225) (N = 170)
N (%) N (%)

Meniscal and ligamentous pathologies 121 (53.8%) 87 (51.1%)
Joint pain 46 (20.5%) 36 (21.1%)
Osteoarthritis 39 (17.3%) 37 (21.8%)
Osseous pathology 3 (1.3%) 3 (1.8%)

Other soft-tissue pathologies 16 (7.1%) 7 (4.2%)

https://doi.org/10.1371/journal.pone.0241645.t1003
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Table 4. Factors associated with MRI ordering- a binomial logistic regression®.

Effect™* OR 95% CI of OR P Value
Age

(continuous 55 years and older) 0.93 0.907-0.962 P =0.000
Referral was for meniscal/ligament pathology

Yes (vs No) 17.74 8.539-20.884 P =0.000
X-rays ordered prior to consultation

Yes (vs No) 0.14 0.850-0.255 P =0.000
Patients referred through MAC

Yes (vs No) 0.27 0.127-0.556 P =0.000

"—2Logl = 477.153; Hosmer-Lemeshow ysq¢ = 6.568, p = 0.584; Nagelkerke R” = 0.582. Overall percentage.86%

** Analysis adjusted for gender and time to receive consult.

https://doi.org/10.1371/journal.pone.0241645.t1004

the patients’ care at the time of consult [7], or to accommodate for the long wait-time patients
must endure to receive a consult [9]. Both reasons can be considered contributing factors for
ordering an MRI scan when it is not indicated. This is apparent in our findings of significantly
higher wait-time among patients who were ordered pre-consult MRI. Petron and colleagues
(2010) reported that the orthopedic surgeons are likely to agree with the ordering of only 12%
of the MRI scans they receive [7]. This underlines the critical role of a decision-support tool at
the point of referral to enhance appropriate MRI ordering prior to the orthopedic consult.

Proper clinical examination and patient history complemented by radiograph images sup-
port a sound assessment [1, 7]. However, evidence shows a paucity in the frequency of radio-
graphs ordered for knee pain patients prior to their referral to the surgeon [7, 18]. Similar to
the literature [7, 18], our study shows that only half of patients who were ordered pre-consult
MRI had a radiograph of the affected knee, and 35% who were ordered unnecessary pre-con-
sult MRI with no radiographs were referred for an x-ray at the time of consult. The decision
for a surgical treatment for osteoarthritis is contingent on evidence-based history, clinical
examination, appropriate radiograph imaging findings rather than the presence of a meniscus
tear detected with an MRI [1, 7]. Choosing Wisely Canada provides guidelines to support clin-
ical decision-making and recommends regulating MRI ordering for degenerative meniscal
tears [16].

In our study, 84% of patients considered for TKA were not ordered MRI pre-consult com-
pared to 16% of referrals who were ordered MRI pre-consult (P<0.000). This finding high-
lights the limited impact of MRI scans given that they do not necessarily drive the surgeon’s
decision to perform a TKA. Evidence demonstrates the value of weight-bearing radiographs

Table 5. Factors associated with total knee arthroplasty- a binomial logistic regression®.

Effect™* OR 95% CI of OR P Value
Ordered MRI pre-consult

Yes (vs. No) 0.424 0.258-0.698 P =0.001
Referral was for meniscal/ligament pathology

Yes (vs No) 0.404 0.213-0.769 P =0.006
Patients referred through MAC

Yes (vs No) 4.474 2.844-7.039 P =0.000

"—2Logl = 439.743; Hosmer-Lemeshow ysa¢ = 6.280, p = 0.616; Nagelkerke R* = 0.448. Overall percentage.67%.

** Analysis adjusted for age, gender, and time to receive consult and x-ray received prior to consultation.

https://doi.org/10.1371/journal.pone.0241645.t1005
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over MRIs in showing degenerative changes in knees [19]. Our results show that the MRI
scans ordered pre-consultation were mainly for meniscal tears, suspected degenerative disor-
der, and ligament/tendon injury. They were primarily requested for patients >55 years old,
with non-persistent knee pain, or signs of severe or mild osteoarthritis without locking or
extension. These reasons can easily be detected by radiographs and proper clinical history and
examination.

Compared to MRI scans ordered by orthopedic surgeons and non-surgical sports medicine
physicians, those ordered by PCPs were less likely to have valuable findings to inform manage-
ment plans [10]. Our findings underscore the need for additional education and training to
close the gap in evaluating and screening musculoskeletal disorders among primary care phy-
sicians [10]. Jackson and colleagues stated that history and physical examination alone are suf-
ficient to appropriately screen patients for many knee complaints, such as ligament injuries,
and effusion, at primary care offices to make a sound decision to further refer patients to a spe-
cialist for consultation and surgical management [20]. It is critical that some orthopedic train-
ing is incorporated into frontline practices.

In any case, ordering MRI pre-consultation for the patients with significant functional joint
issues for the diagnosis of meniscal tear can significantly impact patients’ management plans
[2]. Evidence shows that about 20-30% of MRI results in specific knee pathologies are either
false or misleading [21]. The misinforming results still maximize patients’ expectations of sur-
gical intervention before their consultation with an orthopedic surgeon [2]. Patient’s pressure
could compel a surgeon to consider arthroscopy procedures if MRI shows meniscal tear.
Choosing Wisely Canada supports fewer surgical knee procedures in patients over 35 years old
as the invasive arthroscopy procedures are usually not recommended for degenerative arthritis
and meniscal tear [22].

Currently, patients experience a long wait time to receive an orthopedic surgical procedure
in Canada [23]. Therefore, it is crucial to ensure efficient allocation of healthcare resources
and wise decision making around the use of diagnostic tools that facilitate a suitable manage-
ment plan and proper referral [24]. In our study, only 4% of patients referred for surgical con-
sult following a PAC assessment had a pre-consult MRI. Upon further investigation, it was
discovered that patients referred to surgeons by a PAC were four times more likely to result in
a TKA. This finding is consistent with previous research that underscores the effectiveness of
the skillful screening of patients referred for a pre-consult physiotherapy assessment in facili-
tating appropriate referrals to orthopedic surgeons and providing cost-effective care [1, 25].
Moreover, it demonstrates the value of incorporating guidelines recommendations in practice
at the point of referral.

A comprehensive chart review of knee pain patients from one orthopedic clinic in Kitche-
ner, Ontario, was included, which may not be representative of practice provincially. However,
our study reviewed a relatively large sample of patient charts, which increases the statistical
power of the findings. Moreover, our study had a balanced sample with an equal distribution
of males to females ratio, so observations in our research setting reflect what would be
observed among patients of different sex. The review of patient charts was limited to a one-
year sample, so findings may not accurately reflect the reality of practice over time.

Conclusions

Our findings revealed that many MRI scans ordered for knee pain in older patients are not
clinically useful. Most of the pre-consult MRIs were found to be associated with post consulta-
tion conservative management, but some might have influenced the decision to proceed with
surgical knee procedures. This highlights the necessity of following a comprehensive model of
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care including clinical experts and decision-support tools to facilitate evidence-based decision
making within the referral practice and to reduce the amount of ordering of unnecessary MRI
scans.

Supporting information

S1 Data. Retrospective chart review data.
(XLSX)

Author Contributions

Conceptualization: Heba Tallah Mohammed, Thomas Hupel, Lori-Anne Payson.

Data curation: Samuel Yoon, Thomas Hupel.

Formal analysis: Heba Tallah Mohammed.

Investigation: Heba Tallah Mohammed, Samuel Yoon.

Methodology: Samuel Yoon, Thomas Hupel.

Project administration: Samuel Yoon, Thomas Hupel.

Supervision: Thomas Hupel, Lori-Anne Payson.

Writing - original draft: Heba Tallah Mohammed, Samuel Yoon, Thomas Hupel, Lori-Anne

Payson.

Writing - review & editing: Heba Tallah Mohammed, Thomas Hupel, Lori-Anne Payson.

References

1.

10.

Kopka M, Mohtadi N, Naylor A, Walker R, Donald M, Frank CY, et al. The use of magnetic resonance
imaging in acute knee injuries can be reduced by non-physician expert clinics. Phys Sportsmed. 2015;
43(1):30-36. https://doi.org/10.1080/00913847.2015.1009354 PMID: 25625472

Canadian Agency for Drugs and Technologies in Health (CADTH). Appropriate utilization of advanced
diagnostic imaging procedures: CT, MRI, and PET/CT; 2015. Retrieved June 24 2020. https://www.
cadth.ca/appropriate-utilization-advanced-diagnostic-imaging-procedures-ct-mri-and-petct

Smith-Bindman R, Kwan ML, Marlow EC, Theis M, Bolch W, Cheng S, et al. Trends in Use of Medical
Imaging in US Health Care Systems and in Ontario, Canada, 2000-2016. JAMA. 2019; 322(9):843—
856 https://doi.org/10.1001/jama.2019.11456 PMID: 31479136

Office of the Auditor General in Onatrio;2018. Annual report. Retrieved Jan 25, 2018. http://www.
auditor.on.ca/en/content/annualreports/arbyyear/ar2018.html

Stein LA. Making the best use of radiological resources in Canada. Healthc Pap. 2005; 6(1):18-23.
https://doi.org/10.12927/hcpap..17719 PMID: 16288164

Baker LC. Acquisition of MRI equipment by doctors drives up imaging use and spending. Health Aff.
2010; 29(12):2252—2259. https://doi.org/10.1377/hlthaff.2009.1099 PMID: 21134927

Petron D, Greis P, Aoki S, Black S, Krete T, Sohagia K, et al. Use of Knee Magnetic Resonance Imaging
by Primary Care Physicians in Patients Aged 40 Years and Older. Sports Health. 2010; 2(5):385.
https://doi.org/10.1177/1941738110377420 PMID: 23015964

Englund M, Guermazi A, Gale D, Hunter D, Aliabadi P, Clancy M, et al. Incidental Meniscal Findings on
Knee MRI in Middle-Aged and Elderly Persons. N Engl J Med. 2008; 359(11):1108—1115. https://doi.
org/10.1056/NEJM0a0800777 PMID: 18784100

Guermazi A, Hayashi D, Englund M, Roemer F, Englund M, Neogi T, et al. Prevalence of abnormalities
in knees detected by MRI in adults without knee osteoarthritis: population based observational study
(Framingham Osteoarthritis Study). BMJ. 2012; 5339:1-13.

Wylie J, Crim J, Working Z, Schmidt R, Burks R, et al. Physician Provider Type Influences Utilization
and Diagnostic Utility of Magnetic Resonance Imaging of the Knee. J Bone Joint Surg Am. 2015;
97:56-62 d https://doi.org/10.2106/JBJS.N.00065 PMID: 25568395

PLOS ONE | https://doi.org/10.1371/journal.pone.0241645 November 2, 2020 9/10


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0241645.s001
https://doi.org/10.1080/00913847.2015.1009354
http://www.ncbi.nlm.nih.gov/pubmed/25625472
https://www.cadth.ca/appropriate-utilization-advanced-diagnostic-imaging-procedures-ct-mri-and-petct
https://www.cadth.ca/appropriate-utilization-advanced-diagnostic-imaging-procedures-ct-mri-and-petct
https://doi.org/10.1001/jama.2019.11456
http://www.ncbi.nlm.nih.gov/pubmed/31479136
http://www.auditor.on.ca/en/content/annualreports/arbyyear/ar2018.html
http://www.auditor.on.ca/en/content/annualreports/arbyyear/ar2018.html
https://doi.org/10.12927/hcpap..17719
http://www.ncbi.nlm.nih.gov/pubmed/16288164
https://doi.org/10.1377/hlthaff.2009.1099
http://www.ncbi.nlm.nih.gov/pubmed/21134927
https://doi.org/10.1177/1941738110377420
http://www.ncbi.nlm.nih.gov/pubmed/23015964
https://doi.org/10.1056/NEJMoa0800777
https://doi.org/10.1056/NEJMoa0800777
http://www.ncbi.nlm.nih.gov/pubmed/18784100
https://doi.org/10.2106/JBJS.N.00065
http://www.ncbi.nlm.nih.gov/pubmed/25568395
https://doi.org/10.1371/journal.pone.0241645

PLOS ONE

Unnecessary Ordering of Knee MRI

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

Emery D, Forster A, Shojania K. Magnan S, Tubman M, Feasby T, et al. Management of MRI waitlist in
Canada. Healthcare Policy. 2009; 4 (3).78-86

Gransjoen AM, Wiig S, Lysdahl K, Hofmann B, et al. Barriers and Facilitators for guideline adherence in
diagnostic imaging: an explorative study of GPs’ and radiologists’ perspectives. BMC Health Serv Res.
2018; 18: 556. https://doi.org/10.1186/s12913-018-3372-7 PMID: 30012130

Best Practice Guidelines: Managing the Flow of Patients Requiring an MRI or CT Examination. 2009.
Retrieved June 24, 2020 https://collections.ola.org/mon/23006/292809.pdf

Bowen S, Johnson K, Reed MH, Zhang L, Curry L, et al. The effect of incorporating guidelines into a
computerized order entry system for diagnostic imaging. J Am Coll Radiol.2011; 8(4):251-8. https://doi.
org/10.1016/j.jacr.2010.11.020 PMID: 21458763

Canadian Association of Radiologists. Ottawa: The Appropriateness projects. 2009. Retrieved June
24 2020 https://car.ca/patient-care/referral-guidelines/clinical-decision-support/

Choosing Wisely Canada. Sport and Exercise Medicine Five Things Physicians and Patients Should
Question;2017. Retrieved from https://choosingwiselycanada.org/sport-exercise-medicine/

The Joint Department of Medical Imaging- University Hospital Network (UHN) DI App- Online Imaging
Guidelines Pathway. 2018. http://pathways.coralimaging.ca/about.php

Huebner LA, Mohammed HT, Ravi M. Using Digital Health to Support Best Practices: Impact of MRI
Ordering Guidelines Embedded Within an Electronic Referral Solution. Stud Health Technol Inform.
2019; 257:176-183. PMID: 30741192

Galea A, Giuffre B, Dimmick S, Coolican M, Parker D, et al. The Accuracy of Magnetic Resonance
Imaging Scanning and Its Influence on Management Decisions in Knee Surgery. The Journal of Arthro-
scopic and Related Surgery. 2009; 25 (5):473-480 https://doi.org/10.1016/j.arthro.2008.10.020 PMID:
19409304

Jackson JL O’'Malley PG, Kroenke K. Evaluation of acute knee pain in primary care. Ann Intern Med.
2003; 139(7):575-88. https://doi.org/10.7326/0003-4819-139-7-200310070-00010 PMID: 14530229

Nikolaou V, Chronopoulos E, Savvidou C, Plessas S, Giannoudis P, Efstathopoulos N, et al. MRl effi-
cacy in diagnosing internal lesions of the knee: a retrospective analysis. Journal of Trauma Manage-
ment & Outcomes.2008, 2(4): 1-10 https://doi.org/10.1186/1752-2897-2-4 PMID: 18518957

Bohm E, Born K. Choosing Wisely Canada: Advancing Conversations about Overuse in Orthopaedics.
COA Bulletin ACO; 2018. Retrieved from https://issuu.com/coa-aco/docs/coa_bulletin_122_winter
2018?e=15033546/66566633

Canadian Joint Replacement Registry (CJRR). Hip and knee replacements in Canada: Canadian Joint
Replacement Registry 2013 annual report. Ottawa (Ont.): Canadian Institute for Health Information
(CIHI); 2013.

Churchill L, Malian S, Chesworth B, Bryant D, MacDonald S, et al. The development and validation of a
multivariable model to predict whether patients referred for total knee replacement are suitable surgical
candidates at the time of initial consultation. Can J Surg. 2016; 59(6): 407—414. https://doi.org/10.1503/
¢js.004316 PMID: 28234616

Lau BHF, Lafave MR, Mohtadi NG, Butterwick D, et al. Utilization and cost of a new model of care for
managing acute knee injuries: the Calgary acute knee injury clinic. BMC Health Serv Res. 2012;
12:445. https://doi.org/10.1186/1472-6963-12-445 PMID: 23216946

PLOS ONE | https://doi.org/10.1371/journal.pone.0241645 November 2, 2020 10/10


https://doi.org/10.1186/s12913-018-3372-7
http://www.ncbi.nlm.nih.gov/pubmed/30012130
https://collections.ola.org/mon/23006/292809.pdf
https://doi.org/10.1016/j.jacr.2010.11.020
https://doi.org/10.1016/j.jacr.2010.11.020
http://www.ncbi.nlm.nih.gov/pubmed/21458763
https://car.ca/patient-care/referral-guidelines/clinical-decision-support/
https://choosingwiselycanada.org/sport-exercise-medicine/
http://pathways.coralimaging.ca/about.php
http://www.ncbi.nlm.nih.gov/pubmed/30741192
https://doi.org/10.1016/j.arthro.2008.10.020
http://www.ncbi.nlm.nih.gov/pubmed/19409304
https://doi.org/10.7326/0003-4819-139-7-200310070-00010
http://www.ncbi.nlm.nih.gov/pubmed/14530229
https://doi.org/10.1186/1752-2897-2-4
http://www.ncbi.nlm.nih.gov/pubmed/18518957
https://issuu.com/coa-aco/docs/coa_bulletin_122_winter_2018?e=15033546/66566633
https://issuu.com/coa-aco/docs/coa_bulletin_122_winter_2018?e=15033546/66566633
https://doi.org/10.1503/cjs.004316
https://doi.org/10.1503/cjs.004316
http://www.ncbi.nlm.nih.gov/pubmed/28234616
https://doi.org/10.1186/1472-6963-12-445
http://www.ncbi.nlm.nih.gov/pubmed/23216946
https://doi.org/10.1371/journal.pone.0241645

